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Exploitation of the immune system in patients cancer represents a promising
treatment approach. Dendritic cells (DC) are professional antigen presenting cells
which are capable of inducing MHC restricted antigen specific CD4 and CD8 T cells
in vitro when pulsed with tumor antigens. The function of DC in patients with
malignancy is deficient and re-administration of ex-vivo cultured DC may reverse
this. MUC-1 is a trans-membrane glycoprotein which is aberrantly glycosylated in a
number of human cancers such that an occult epitope is exposed which provides an
immuno-therapeutic target.

A phase 1 clinical trial of MUC-1 pulsed DC began in July 1999. 12 patients with
breast, ovarian, colorectal and oesophageal cancer have been treated. Mononuclear
cells were obtained from a peripheral blood donation or leucapheresis and adherent
monocytes were cultured in GM-CSF and IL4 to obtain DC. These were then pulsed
with a liposomal preparation of a 25-mer peptide from MUC-1 (BLP-25, Biomira
Inc) and re-administered by subcutaneous injection. DC were defined as cells
expressing CDla. Patients received between 0.075 xl06 and 1.0 xl06 DC per kg
body weight in one or two doses. They were followed up for toxicity, immune
response and clinical effects at days 1,7, 14, 28 and 90.

The maximum dose of DC administered in a single injection was 41xl06 DC. There
was little evidence of acute toxicity other than inflammation of the injection site.
There was no good evidence of clinical benefit seen. Some evidence of increased
cellular immune responses in general following DC therapy were seen which may be
attenuated by an increase in the dose of DC administered, but few changes reached
significance and there was little consistency. There was no consistent evidence of an
increase in specific MUC-1 cellular responses following therapy.

In addition to the clinical trial presented in this thesis there is additional work
relating to optimization of DC culture methods with the aim of improving strategies
for further trials.
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CHAPTER 1 - Introduction

1.1 BREAST CANCER

Breast cancer is a common malignant disease affecting women in the United

Kingdom, second only in incidence to lung carcinoma. In England and Wales over

20,000 new cases are diagnosed each year, and 1 in every 10 women will be affected

at some time in her lifetime. The rate of incidence increases with age, and although it

is predominantly a female disease, a small number of men are affected each year.

There is evidence of a recent fall in mortality from breast cancer, which is probably

attributable to better diagnosis and treatment and predates the introduction of

screening programmes.

1.1.2 Aetiological factors

Over the years many have been proposed, but it now seems clear that the following

causative and predisposing factors are relevant. Women with a positive family

history are at increased risk, especially if the index case was pre-menopausal at the

time of diagnosis. Increased age at first pregnancy confers an increase in risk, as does

a history of benign breast disease especially including benign cellular atypia. Early

menarche and late menopause are known to predispose to a higher incidence whereas

early oopherectomy confers some degree of protection. Related hormonal factors that

increase risk include the use of some forms of the oral contraceptive pill (OCP) and

the use of hormone replacement therapy (HRT). Genes that have now been identified

include BRCA1 and BRCA2, which clearly predispose an individual to a

considerably increased risk of breast cancer, although they actually account for a very



small proportion of all breast cancer cases each year. Another genetic factor that

increases risk includes heterozygosity for the ataxia-telangiectasia gene.

1.1.3 Pathology

The majority of breast cancers arise from the epithelium which lines the breast ducts

and are therefore adenocarcinomatous in type. A number of other pathological types

do occur and include lobular carcinoma. At the time of diagnosis most breast cancers

are already invasive into the surrounding stroma, but some are associated with

preinvasive changes known as carcinoma in situ. The management of these pre

cancerous cases is much more contentious than that of the clearly invasive cases.

Lymphatic spread through the axilla is the commonest route of spread of breast

carcinoma, although it can also spread by the haematogenous route, and locally. This

means that involvement of the axillary, supraclavicular and internal mammary groups

of nodes is common. Major sites of disseminated disease are the bones, liver, lungs

and central nervous system. Local spread to the axilla, chest wall and brachial plexus

are often seen, and may be particularly distressing for the patients, although are not

usually life threatening in contrast to major organ involvement. The presence of

nodal disease at presentation increases the risk of haematogenous spread, and this is

reflected in many prognostic models, including the Nottingham system (see table 3).

1.1.4 Clinical features

Most women present with a breast lump, although other modes of presentation do

occur and include nipple discharge, skin changes, pain in the breast or axilliary

disease. A small proportion of cases present with locally advanced disease affecting

2



overlying skin, and these cases tend to be associated with a worse prognosis.

Occasionally patients present with metastatic disease. With the advent of national

screening programmes more women without clinically detectable disease are being

diagnosed as having breast cancer after investigation of mammographically

detectable changes such as microcalcification.

1.1.5 Diagnosis and staging of breast cancer

Triple assessment of any breast lump is conventionally performed and includes

clinical examination, imaging (mammogram and/or ultrasound) and cytology. This

means that most women undergoing surgery are aware of the diagnosis of breast

cancer prior to the operation being performed. An important part of the pre-operative

assessment is performing appropriate staging tests for groups at risk to determine the

extent of disease, and may include chest x-ray, bone scan and liver ultrasound, as the

presence of metastatic disease has a bearing on the type of surgery performed.

The "Tumour-Node-Metastases" system (TNM) is commonly used for the staging of

primary breast cancer and is based on clinical examination and imaging;
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TNM classification of Breast Carcinoma, UICC.
Table 1

T1 Tumour 2 cm or less in greatest dimension
T2 Tumour greater than 2cm, but less than

5 cm in greatest dimension
T3 Tumour of more then 5cm in greatest

dimension
T4 Tumour of any size with direct extension to

chest wall or skin
T4a Chest wall

T4b Oedema or ulceration of
skin of breast or satellite
skin nodules (same side)

T4c Both T4a and T4b

T4d Inflammatory carcinoma

NO No regional lymph node metastases
N1 Moveable ipsilateral axillary nodes
N2 Fixed or matted ipsilateral axillary nodes
N3 Ipsilateral internal mammary nodes

MO No distant metastases

Ml Distant metastases^
UICC, 1997 (329)
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Further stage grouping can also be assigned as follows;

Stage Grouping
Table 2

Stage 0 T in situ NO MO

Stage I T1 NO MO

Stage IIA TO N1 MO
T1 N1 MO
T2 NO MO

Stage IIB T2 N1 MO
T3 NO MO

Stage IIIA TO N2 MO
T1 N2 MO
T2 N2 MO
T3 Nl, N2 MO

Stage IIIB T4 Any N MO

Any T N3 MO

Stage IV Any T Any N Ml

UICC, 1997 (330)

1.1.6 Hormone receptors in breast cancer

About two thirds of post menopausal and one third of pre menopausal breast cancers

carry cellular receptors for oestrogen and other hormones. The presence of oestrogen

receptor (ER) in breast cancer correlates with hormone dependence of the tumour and

it is possible to predict those tumours that will respond to hormonal manipulations.

ER positivity tends to be associated with well-differentiated cancers.

1.1.7 Management of early breast cancer

The principle of surgical treatment is to provide adequate local control. With

increased understanding that patients do not die from loco-regional disease but from

distant metastases there has been a shift of emphasis towards less mutilating surgery,

and many patients now undergo breast conserving surgery rather than radical

mastectomy. Post operative radiotherapy increases the proportion of patients in
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whom local control is obtained, even with positive axillary nodes, and may also

influence survival(74). Techniques of post-operative radiotherapy vary widely

between centres. In the situation of locally advanced disease (stage IIIA or IIIB) the

results of surgery are disappointing, and radiotherapy is the primary modality used,

often with the use of neo-adjuvant systemic therapy (hormonal or chemotherapy) to

downstage the tumour and allow radiotherapy or even surgery. In this situation the

probability of local control is inversely related to the size of the initial tumour.

1.1.8 Adjuvant therapy

Undetectable micrometastases present at the time of initial surgery are thought to be

responsible for the fact that many patients with breast cancer eventually die from

metastatic disease. The aim of adjuvant therapy is to eradicate these micrometastases.

Adjuvant hormonal therapy with Tamoxifen is now known to be appropriate for all

women with ER positive tumours regardless of nodal or menopausal status, and

increases long-term survival(l 11). The current recommendation is for 5 years of

therapy, but several trials are underway to determine if a longer duration of therapy

may be better. In addition to its breast cancer benefits it appears to be associated with

a reduction in frequency of death from myocardial infarction, and a reduction in post¬

menopausal bone loss. There are however risks associated with Tamoxifen, and these

include an increased incidence of thromboembolic disease and a very small, but

definite increased rate of endometrial carcinoma. In patients who are pre-menopausal

and who have an ER positive breast cancer the role of ovarian ablation is clear, but

the problems associated with early menopause need to be considered.



Adjuvant chemotherapy was first trialed in the 1970's, and evidence from meta¬

analysis of randomised clinical trials confirms that poly-chemotherapy given for

several months to patients with or without pathological nodal involvement whether

pre or post menopausal substantially reduces the risk of recurrence and improves

survival for as long as 10 to 15 years after diagnosis (73). The broad effect of

chemotherapy is to reduce the recurrence rates by about 15 to 35% and the mortality

rate by between about 25 and 30%. The choice of agents depends on the relative risk

of recurrence and varies between countries. The role of high dose chemotherapy with

stem cell transplant is not at all clear, and the data have been confused by one trial in

which there was found to have been serious scientific misconduct (336).

1.1.9 Prognosis

Prognosis is dependent on the size of the primary tumour, the nodal involvement and

the pathological grade of the tumour, and these are incorporated into the Nottingham

Prognostic Index, which is commonly used to determine cut off points for the use of

adjuvant therapy.

7



Nottingham Prognostic Index

Table 3

Tumour grade 1

2

3

Lymph node status Negative - 1

1-3 nodes positive-2

>4 nodes positive - 3

Tumour size mm x0.2

The value for NPI is determined by adding the scores for each of the grade, lymph

node status and the size of the primary tumour. This can be used to give and

indication of the expected survival.

NPI Survival

<2.4 Excellent (equivalent to normal
population)

2.4-3.4 Good - 80% lOyears

3.4-5.4 Intermediate - 50-60% 5 years

>5.4 Poor - <20% 1 Oyears

8



1.1.10 Metastatic disease

Despite adequate local control and adjuvant therapy a proportion of patients with

early breast cancer will relapse with incurable metastatic disease. Some patients are

responsive to further hormonal or chemotherapy for a time, although all will

eventually die of their disease. In patients whose initial cancer was ER positive a

variety of further hormonal manipulations are possible depending on the particular

case and may include further oestrogen deprivation (by either medical or surgical

means). Patients who have metastatic disease that is hormone responsive

(approximately 30% of patients) tend to survive longer with advanced breast cancer

than those who are unresponsive.

A wide variety of cytotoxic drugs have been used in the metastatic setting, and

responses have been documented to many different classes of drugs. The use of

combination chemotherapy has increased the response rates that can be obtained in

patients with metastatic disease, but the toxicity of therapy must be considered as it is

hard to prove that the use of these agents can improve the overall survival of patients

with metastatic disease.

The management of patients with metastatic disease is complex and often other

modalities of therapy such as radiotherapy have a role, for example for the treatment

of painful bone metastases. Systemic bisphosphonates are known to reduce the

incidence of fracture in patients with metastatic bone disease, and have been reported

to have a beneficial effect on survival(65). Patients who have HER-2 gene

9



amplification obtain real benefit from the use of a humanised antibody to HER-2,

with a 15% overall response rate (225).

1.1.11 Tumour Markers in Breast Cancer

A large number of blood tumour markers have been proposed in breast cancer. Two

that are commonly used are carcinoembryonic antigen (CEA) and Mucin-1 (MUC-1).

At present their use is confined to patients with metastatic disease, but studies are

ongoing to establish their role in the diagnosis and management of early breast

cancer. CEA is also elevated in a number of other malignant processes such as

colorectal, upper gastrointestinal, lung, ovarian, prostate, liver and pancreatic cancers.

It can also be elevated in benign conditions, which include diverticulitis, gastritis,

gastric ulcer, bronchitis, cholangitis, liver abscess and alcoholic cirrhosis. Never the

less serum CEA is elevated in 30-50% of patients with symptomatic metastatic breast

cancer (341). MUC-1 can be detected by a variety of assays the commonest of which

detect CA15.3 and CA27.29 (the MUC-1 gene product). Serum CA15.3 is elevated in

54-80% of patients with metastatic breast cancer (193). However elevated levels are

again found in other malignant processes such as lung, ovarian, endometrial,

gastrointestinal and bladder carcinomas, and in benign conditions such as chronic

hepatitis, liver cirrhosis, tuberculosis, sarcoidosis and systemic lupus erythematosis.

CA15.3 has a higher sensitivity than CEA for the monitoring of advanced breast

cancer, but a similar specificity, however the sensitivity for the detection of metastatic

disease can be increased to over 80% when the two markers are used together (258).

At present the diagnosis of metastatic disease is not based on markers alone, but relies

on the detection of bulk disease. They do have a role to play in the monitoring of



response to treatment in the advanced disease situation. Traditionally this was done

based on criteria set by the International Union against Cancer (UICC) (123), which

assess structural changes visualised on imaging. The obvious difference is that

tumour markers reflect a dynamic process and biochemical response or progression

often predates UICC assessed response or progression (109). In most centres change

of therapy is still based on UICC evidence of disease progression rather than

biochemical evidence.

1.1.12 Newer Therapies

The goal of adjuvant therapy is reducing the risk of recurrence and so increasing the

rate of cure from breast cancer. Current modalities of therapy have not prevented all

women from relapsing, and other modalities of therapy require to be explored. Many

of these, such as "Herceptin", are based around an increased understanding of the

biology of cancer, and the factors that influence its growth and dissemination.

1.1.13 Rationale for Immunotherapy in Breast Cancer

In some breast cancers there is evidence of an immune response; in patients with

breast cancer the presence of tumour infiltrating lymphocytes (TIL) is thought to be

associated with an improved prognosis (335), although it is not known if this is a non

specific response to cellular damage or a specific response directed to specific

antigens. There is also evidence that the function of DC in patients with breast cancer

(96) may be deficient, and by combining these two principles the working hypothesis

is generated that it may be possible to generate an immune response to a beneficial

end in patients with breast and other cancers.



1.2 BACKGROUND TO IMMUNOTHERAPY

The concept of immune surveillance was first described by Macfarlane Burnet in the

1950's (40) and states that a physiological function of the immune system is to

recognise and destroy clones of transformed cells before they grow into tumours and

to kill tumours after they are formed. The first experimental evidence that tumours

could induce protective responses came from studies of transplanted tumours

performed in the 1950's (119). Methylcholanthrene (MCA), a chemical carcinogen,

was used to induce a sarcoma in in-bred mice. When the tumour was excised and

transplanted into other mice it grew, but when it was excised and transplanted back

into the original animal, that mouse rejected the tumour. Furthermore, T lymphocytes

from the tumour-bearing animal transferred protective immunity to the tumour to

another tumour free animal. In clinical medicine reports of apparently spontaneous

regression of cancers have been made (85). Further studies in such patients have

confirmed that a type of T cell has a tumour directed cytotoxic effect in the clinical

context of cancer regression (176). Further evidence of the involvement of the

immune system in protecting against the development of malignancy is that patients

with inherited or acquired immune deficiency syndromes have an increased incidence

of common cancers. And so the rationale for the development of immune-based

treatments for cancer has developed.
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1.2.1 General Immunology

The immune system is a defence mechanism whereby responses are generated to

protect us from potentially harmful agents, usually micro-organisms. The two major

arms are the innate and the adaptive systems.

The innate immune system is involved in the initial response to foreign organisms,

and in many cases is capable of eliminating the foreign organism before it causes

infection of the host. The principle effectors of innate immunity are neutrophils,

mononuclear phagocytes and natural killer cells, some of which secrete cytokines

involved in inflammation. In addition to the cells of the innate immune system

epithelial barriers are present which form physical barriers between the external

environment and the host. The complement cascade and cytokines such as interferon

alpha and interferon beta are important effector mechanisms of the innate system. The

innate immune system is capable of discriminating between self and non self and the

receptors for it are encoded within the germ line. There is much common ground

between the innate and the adaptive systems and often effector mechanisms of innate

immunity are involved in humoral immunity, for example phagocytes and the

complement system.

The adaptive immune system consists of two types of responses to foreign antigens.

The first (humoral) is where specific antibodies are generated to the antigen and the

second (cellular) is where a population of antigen specific T lymphocytes are

expanded. The aim of this initial response is to eliminate the infectious agent from

the body. A key feature of the immune system is its ability to generate immunologic
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memory, so that subsequent exposures to the antigen result in a more rapid response

to eliminate the antigen-bearing agent. This is the principle underlying vaccination.

The response that occurs is highly specific and capable of distinguishing self from

non-self. The capacity of the system to ignore self antigens is known as self tolerance

and the failure of self tolerance can result in serious autoimmune disease.

1.2.2 Cells of the immune system

The immune system is composed of a number of cells each of which have defined

functions, but which interact to provide the overall protective effect. They are located

in peripheral organs that include the spleen, lymph nodes and tonsils. Cells of the

immune system also circulate in the blood and lymphatics. Lymphocytes are the

principal players, of which there are two main types; T cells and B cells. In addition

to these there are a wide variety of cells that interact with them to initiate and direct

the response. Such cells include macrophages, antigen presenting cells, and natural

killer cells (NK).

Lymphocytes express on their surface receptors for parts of the antigen, known as

epitopes. Different sets of lymphocytes (clones) have receptors of differing

specificities which differ in the antigens that they can therefore recognise. There are

two broad classes of lymphocytes; T cells and B cells. B cells are derived from

haematopoietic stem cells and when activated secrete antibody, which differentiates

them from T cells. T cells also originate from haematopoietic stem cells and

differentiate in the thymus, before being seeded into the peripheral lymphatic tissues.

Two important sub-lineages of T cells are those which express the surface molecule

CD4 (CD4 cells) and those which express CD8 (CD8 cells). CD4 cells are the main



regulatory cells of the immune system and differentiate into cells that secrete

cytokines. Those which secrete principally IL4, IL5, IL6 and IL10 are known as T

helper 2 (Th2) cells and are effective in helping B cells develop into antibody

producing cells. Those that produce mainly IL 2 and IFNy are known as Thl cells

and are effective inducers of cellular immunity. Some T cells, particularly CD8 cells,

can differentiate into cytotoxic T lymphocytes (CTL), and are capable of lysing target

cells that express antigens that they recognise.

T cells recognise antigen which is presented by receptors on the surface of antigen

presenting cells, such as DC. Following this a complex set of molecular events

begins which leads to the activation of the T cell. Full responsiveness of a T cell

requires, in addition to T cell receptor (TCR) engagement and cell adhesion

molecules, an accessory cell delivered co-stimulatory activity such as that which

occurs with the interaction of CD80 and CD86 with CD28 or CD40 with CD 134.

This co-stimulation increases the cytokine production by the corresponding T cells

and leads to activation and proliferation of the T cell to generate a clone of T cells.

Cytotoxic T cells are usually CD8 T cells, but in some situations CD4 cells are also

capable of this function. Such cells recognise peptides derived from proteins

produced within the target cell, bound to class I MHC molecules expressed on the

surface of the target cell. Initially the CTL then produces perforin, a molecule which

inserts into the membrane of the target cells and promotes the lysis of that cell. This

is then further enhanced by the granzymes produced by activated CTL's. CTL

mediated cell lysis is thought to be a major mechanism for the destruction of virally
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infected cells. In murine models, CTL's have been demonstrated to kill tumour cells

in a chromium release assay. T lymphocytes have been isolated from cancer patients

and have been shown to react in vitro with autologous cancer cells. The importance

of CTL in cancer immunotherapy is clear, and tumor specific CTL can be isolated

from animals and humans with established cancers. The mechanism by which

tumours stimulate these responses is the subject of intense interest. Most tumour

cells do not express the co-stimulatory molecules that are necessary for initiation of

primary T cell responses, nor the class II MHC molecules needed for the stimulation

of helper T cells that promote the differentiation of CD8 T cells. One of the most

likely possibilities is that tumour cells or their antigens are picked up by host antigen

presenting cells, processed and then presented bound to class I and class II MHC

molecules for recognition by T cells. Professional antigen presenting cells, known as

DC are thought to be critical to this process and are capable of presenting tumour

antigens in such a way as to stimulate T cell responses.

A variety of different cells can act as antigen presenting cells, including; dendritic

cells (DC), macrophages, B cells and vascular endothelial cells. The principle

function of DC is to initiate T cell responses to protein antigens. (For more detail on

DC see later section).

Natural killer cells are closely related to T cells, but lack the TCR, and instead have

two classes of receptors for MHC molecules, one which switches on their function

and one which turns it off. Antibody coated cells can be recognised by NK cells, and

such cells are then lysed.



Macrophages are important antigen presenting cells, especially for the presentation of

antigens derived from bacteria and other microbes that have infected macrophages.

The production of interferon gamma by T cells can enhance the activity of

macrophages.

1.2.3 Antigen processing/presentation

The mechanism of antigen presentation for B cells and T cells differs.

Immunoglobulin from B cells binds to 3 dimensional antigenic epitopes, and B cell

receptors are able to recognise epitopes expressed on the surface of native molecules.

T cell receptors however recognise a complex consisting of peptide bound to either a

class I or class II MHC complex. The MHC complexes exhibit a high degree of

polymorphism, and in man are located on chromosome 6. Class I MHC molecules

are membrane glycoprotein's which are encoded at three loci; HLA-A, HLA-B and

HLA-C. The class I molecules present antigens which have been derived from

intracellular proteins, which can include viruses, intracellular microbes and tumour

antigens. These are then recognised by CD8 T cells. Exogenous cellular material is

generally endocytosed or phagocytosed into the cell and then presented by the class II

molecules, to CD4 T cells. Certain diseases are now known to have an increased

incidence in individuals who have certain HLA types (such as diabetes mellitus,

rheumatoid arthritis and coeliac disease). One of the possible explanations for this is

that the HLA type conveys increased responsiveness to antigens derived from agents

that cause or exacerbate these diseases. The relevance of HLA type to breast cancer
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was reviewed by Gourley in 1998(116), but the poor expression of HLA class I by

some tumours may be a problem for immunotherapy.

1.2.4 Tumour Antigens and Tumour Immunology

An antigen is any substance that can be specifically bound by an antibody or a T cell

receptor. They are generally foreign substances that induce specific immune

responses or are the targets of these responses. There are in general three types of

tumour antigens; tumour specific antigens (encoded by mutant cellular genes),

tumour associated antigens (encoded by normal cellular genes) and tumour antigens

that are encoded by viral genes. A classification of tumour associated antigens is

given in the table below.

a) Tumour specific antigens

These are antigens that are encoded by mutant cellular genes. These mutations have

been discovered either because the mutant gene was found to be over-expressed, to

cause transformation in transfection assays or to be involved in cancer specific

chromosomal translocation. Some of these mutations affect the DNA sequences that

encode for proteins and therefore result in the appearance of tumour specific proteins.

These proteins are however not always antigenic. An example of this type of tumour

antigen is mutation in the tumour suppressor gene p53. Normal p53 protein acts as a

suppressor of cell growth and is detected only in low levels in normal cells. High

levels of mutated p53 are found in many malignant cells. Mutant p53 proteins are

beginning to be explored as a potential target for anti tumour immunity.
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b) Tumour associated antigens

These antigens are not tumour specific as they are encoded by non-mutant cellular

genes that are expressed not only by cancer cells, but by a subset of normal adult

cells. Some of these antigens have been found only in spermatocytes and cancer

cells, so called onco-spermatogonal antigens, an example of which is MAGE-1.

Differentiation antigens are tumour associated antigens which are expressed at some

level on the cell type from which the tumour originated. These particular antigens

represent a very diverse group of proteins which includes glycoproteins (including

mucins) and glycolipids. Particular examples of differentiation antigens are Melan

A/Mart-1 in melanoma, Her-2 neu in breast cancer and mucins in pancreatic, breast

and colonic cancers.

c) Tumour antigens that are encoded by viral genes

Both DNA and RNA viruses can encode for proteins required for the induction and

maintenance of malignantly transformed tissue. Examples include Human Papilloma

Virus (HPV) and Epstein-Barr Virus (EBV).
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Classification of Tumour Antigens
Table 4

Class Antigen Tumour

Cervix
Viral antigens HPV E6 and E7

EBNA-1 Hodgkins, Burkitts
lymphoma

Hepatitis B sAg Hepatoma

Non mutated self antigens CEA GI, Lung, Breast
(tumour associated) PAP, PSA, PSMA Prostate

MUC-1 Breast
MAGE Melanoma, Breast
BAGE Melanoma, Breast,

Bladder, Lung
GAGE Melanoma, Sarcoma,

Bladder
RAGE Renal cell

Gp75, gplOO, MELAN- Melanoma

A/MART-1, Tyrosinase

Mutated self antigens TRP-1, MUM-1 Melanoma

(tumour specific) ESO-1, TPI, CDC27 Head and Neck
Ras p21 Adenocarcinoma
P53 Adenocarcinoma
P210 product of bcr/abl CML

d) Tumour immune evasion mechanisms.

Tumours may evade immune surveillance by a variety of mechanisms which can be

classified into those that are tumour related and those that are host related. Tumour

related mechanisms include lack of MHC class I molecule, selection of antigen loss

variants, lack of co-stimulatory molecules and tumour produced immunosuppressive

factors.
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Lack ofMHC class I molecule. Class I human leucocyte antigen (HLA) expression

may be lost or down-regulated on tumour cells so that they cannot be recognised by

cytotoxic T lymphocytes (CTL). Changes in the expression of MHC class I antigens

are frequent in metastatic cancer cells (103). In experimental models increasing class

I expression on tumour cells by treatment with cytokines such as interferon gamma

(IFNy) or by gene transfection results in increased susceptibility of these cells to CTL

lysis in vitro and decreased tumourigenicity in vivo.

Selection of antigen loss variants. Tumours may lose expression of antigens that

elicit immune responses. This is common in rapidly growing tumours and can be

readily induced in tumour cell lines. If these antigens are not required for the growth

of the tumour or maintenance of the transformed phenotype then the antigen-negative

cells have a growth advantage due to loss of the antigens and epitopes responsible for

stimulation of immune responses such as CTL activity, as CTL's only recognise a

few discrete epitopes on even a large antigen.

Lack ofco-stimulatory molecules. Tumours may fail to induce CTL's because most

tumour cells do not express co- stimulatory molecules, such as CD80 and 86, required

for initiation of T cell responses or the class II molecules needed for the activation of

helper T cells. The induction of responses therefore often requires professional

antigen presenting cells, such as dendritic cells (DC) that express co-stimulatory

molecules and class II molecules, and if these antigen presenting cells are not

adequately taking up and presenting tumour antigens then maximal anti tumour CTL

differentiation may not occur. Transfecting tumour cells to express one or more co-



stimulatory molecules can make tumour cells more effective inducers of immune

responses (26).

Tumour produced immunosuppressive factors. The tumour may produce

immunosuppressive products, such as transforming growth factor beta

(TGFp), vascular endothelial growth factor (VEGF) (94) and interleukin 10 (IL 10).

Additionally, tumour antigens may induce specific immunologic tolerance or cell

surface antigens of the tumour may be masked from the immune system by other

adherent cells or bound proteins.

Host related factors can also be implicated in evasion of the immune response by

tumours. Immunosuppression ofthe host is associated with an increased incidence of

cancers, particularly those which are induced by viruses such as EBV. Defects in T

cell signaling can occur due to infection or age. Defective host antigen presentation

may be implicated, for example defective DC function in patients with breast cancer

(96), and failure of host cells to reach the tumour, for example when there is a

stromal barrier present is also important.

There are therefore many points at which augmentation of the immune response

(immunotherapy) might prove beneficial in cancer, but one single strategy might not

prove beneficial for all due to the heterogeneity of both the cancer and the host.
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e) Types of immunotherapy

Passive immunotherapy refers to the transfer of tumour specific antibodies or T cells.

Active immunotherapy refers to the induction of an immune response aimed at

augmenting the host's weak response to tumours.

Active immunotherapy.

Vaccination with tumour cells or tumour antigens comes into this category. The aim

is to induce tumour specific CTL's. This category also includes the use of

professional antigen presenting cells, such as dendritic cells. One of the limitations of

this approach has been that much of the work so far has been performed in patients

with growing tumours. In this particular situation the vaccine therefore needs to be

therapeutic and not simply prophylactic, and it may be difficult to induce a strong

enough immune response to eradicate all the cells of an established tumour. The same

argument is true, but to a lesser extent, where the treatment of patients with minimal

residual disease following surgery and/or systemic anti-cancer therapy is being

considered. A purely preventative vaccination strategy may also have potential

application if given before any tumour arises, for example after exposure to human

papilloma viruses 16 and 18, known to be involved in the aetiology of cervical

neoplasia. Cell mediated immunity may be further enhanced by expressing co-

stimulators and cytokines in tumour cells and by treating those bearing tumours with

cytokines that stimulate the proliferation and differentiation of T lymphocytes and

natural killer (NK) cells. An example of this is the therapeutic use of interleukin (IL

2). When administered systemically it is associated with an increase in the numbers

of NK, T and B cells. This treatment unfortunately is limited by the high incidence of
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intolerable systemic side effects which, at high doses, may include fever, pulmonary

oedema and vascular shock.

Non-specific immune stimulation by agents acting as polyclonal activators of

lymphocytes has been under investigation for many years. The first attempts were

made over 100 years ago when William Coley found that breast tumours could be

reduced in size by injections of erysipelas (56). Agents involved now include

Baccilus Calmiette-Guerin (BCG), which is used therapeutically in the management

of early bladder cancer. It is given intra-vesically, and the local infection caused leads

to a prolonged inflammatory response in the bladder wall which reduces significantly

the risk of recurrence (194).

Passive Immunisation

Passive immunisation is rapid, but does not lead to long lasting immunity. Tumour

specific antibodies eradicate tumours by the same mechanisms that are used to

eradicate microbial infection. An example of this that has recently come into clinical

use is the monoclonal antibody to HER-2 neu, a Type-1 growth factor receptor, over-

expressed by the tumour cells of around 30% of women with breast cancer. One of

the problems with this type of therapy is the outgrowth of antigen loss variants that no

longer express the antigens that the antibodies recognise, another being inherent

variation of expression. The ability of antibodies to kill cancer cells is being further

exploited by combining these antibodies with cytokines or cytotoxic agents.
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Adoptive cellular therapy

This describes cultured immune cells that have anti-tumour reactivity being

transferred into a tumour-bearing host. It may be active, in the case of DC therapy, or

passive, where T cells or antibodies are delivered directly to the host. The adoptive

transfer of T cells to patients with EBV-associated lymphoma is another example that

is under investigation.

f) Components of the immune system involved in dendritic
cell therapy.

The ability of the immune system to recognise and attack tumours is known. Whilst

both humoral and cellular mechanisms can contribute to tumour lysis, cellular

mechanisms are considered to be responsible for tumour regression in the majority of

cases. In order to stimulate a cellular immune response against a tumour three

components are required; antigen, lymphocytes and antigen presenting cells (APC).

The antigen provides a recognition site, and the lymphocytes elicit the actual

response. APC are required to bind the antigen and present it to the T lymphocytes.

DC are the most potent antigen presenting cells known, being the only APC capable

of sensitising nai've T cells to protein antigens.

T lymphocytes (unlike B lymphocytes which respond to soluble antigen by

transforming into antibody-secreting cells) respond to fragments of protein antigens

bound to surface HLA molecules. There are two types of HLA molecules in man;

class I, which bind intracellular or endogenous antigens and class II which bind

extracellular or exogenous antigens endocytosed by the APC. Recognition of antigen
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alone is not sufficient for initiation of an immune reaction. Accessory molecules (co-

stimulatory and cell adhesion molecules) are required to support antigen specific

binding between T cells and the APC. DC are rich in these, so as well as being

critical in antigen/MHC presentation they are able to provide this important accessory

function. In addition DC are motile and can migrate from peripheral sites of antigen

capture to lymphoid sites of antigen presentation.

The induction of tumour immunity in this situation can thus be viewed as a stepwise

process;

• DC endocytose and re-present antigen from apoptotic or necrotic cells

▼
• CD4 and CD 8 T cell responses

▼
• CTL killing of tumour

The unique ability of DC to induce and sustain primary immune responses makes

them good candidates for vaccination protocols in cancer.

g) Differences between Immunization against infectious diseases

and vaccination against cancer

There are several important differences that influence the design of potential cancer

vaccines (135).
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Differences between Immunistaion against Infectious diseases and Cancer.
Table 5

Infectious disease Cancer

Antigen Limited Full range not yet identified
Well defined

Vector Wild type organisms used Tumour cells are essentially variants of
normal and express self antigens

Timing Usually pre-exposure So far only tested in advanced disease

h) Danger signals

Danger signals have been proposed as part of a model of immunity that suggests that

the immune system responds to substances that cause damage rather than to those

which are simply foreign. The activation of DC can be induced by both endogenous

and exogenous danger signals. Endogenous danger signals include those released

from tissues undergoing stress, damage or abnormal cell death, whilst exogenous

signals are those danger signals that are released by pathogens. Examples of

endogenous danger signals are CD40 ligand, TNF alpha and IL1 (3. Danger signals

are perceived by resting antigen presenting cells in such a way as to cause them to

become activated and so to offer co-stimulatory signals and to initiate immune

responses(102)
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1.3 DENDRITIC CELLS

Dendritic cells (DC) were initially described in the 1970's by Steinmann and

colleagues, who purified them from murine lymphoid tissue (304). They have a

characteristic morphology with circumferential veiled dendrites, and the mature form

of DC have long processes that are continually extended and retracted, allowing them

to be highly motile. DC contain high concentrations of cellular structures related to

antigen processing, such as endosomes, lysosomes and Birbeck granules.

Dendritic cells

Figure 1
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1.3.1 DC Phenotype

DC express high levels of MHC class II antigens. They are characteristically

negative for monocyte (CD 14), T cell (CD3), B cell (CD 19, 20, 21), NK cell (CD56)

and granulocyte (CD66b) markers. They express adhesion molecules such as CD1 la

(leucocyte function-associated antigen-1 (LFA-1)), CDllc, CD50 (intracellular

adhesion molecule 2 (ICAM 2)), CD54 (ICAM 1), CD58 (LFA 3) and CD 102 (ICAM

3), and co-stimulatory molecules such as CD80 (B7.1), CD86 (B7.2) and CD40.

Surface molecules expressed on DC
Table 6

CD Designation Functions
Dendritic cell marker

CD1 Presentation of non-peptide antigen to T
cells

CD83
CMRF-44 Ag
CLA

Unknown function
Unknown function
Skin homing of DC

Antigen uptake
CD32
CD64

Antibody binding
Antibody binding

Mannose receptor

Adhesion molecules
CD54 (ICAM 1)
CD58 (LFA 3)
CD 102 (ICAM 3)

CD1 la ligand
CD2 ligand
CD 11 a ligand

MHC molecules
MHC I
MHC II

Peptide presentation to CD8+ T cells
Peptide presentation to CD4+ T cells

Co-stimulatory molecules
CD80 (B7-1)
CD86 (B7-2)
CD40

Interaction with CD28
Interaction with CD28
DC differentiation/activation (interaction
with CD40 ligand on T cell)
Activation of OX40+ CD4+ T cellsOX40L
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The phenotype of DC varies with different stages of maturation and activation.

Mature DC express high levels of class II and increased levels of co-stimulatory and

adhesion molecules. The surface marker CD83 is present on some rare circulating

blood DC, and is induced by DC maturation, although its function is unclear. Though

there is increasing reliance on the use of CD la and CD83 to characterise dendritic

type cells, as yet no single DC specific marker has been identified, so combinations of

the markers described above are used to define DC. Recently some markers for

newly defined DC subsets have been developed, blood dendritic cell antigens 2, 3 and

4 (BDCA-2, BDCA-3, BDCA-4) (72). BDCA-2 and BDCA-4 expression is strictly

confined to plasmacytoid CD123+, CDllc- DC, whilst BDCA-3 is restricted to a

small population of CD123-, CD1 lc+ DC.

Phenotypic and functional characteristics of cells at different stages of maturity.
Table 7

Monocyte Immature DC Mature DC

CD14 Hi Lo Neg
CD25 Neg Neg Pos
CD54 Lo Lo Hi
CD80 Neg Neg Pos
CD83 Neg Neg Pos
CD86 Lo Lo Hi
Class I Lo Lo Hi
Class II Lo Lo Hi
IL12 Neg Neg Pos

Macropinocytosis Pos Pos Neg
TNF alpha Neg Neg Pos

1.3.2 Location of DC in vivo

Three major populations of DC have been identified in vivo-, Langerhans cells,

interstitial DC and activated mature DC. Langerhans cells (LC) are found mainly in

the skin epidermis and mucosae. Interstitial DC (IDC) are found in various organs,

especially liver, kidney and heart. LC and IDC function to "pick up" antigens in



peripheral tissues, by endocytosis of either apoptotic or foreign cells, and migrate to

lymphoid organs through lymphatic vessels in response to inflammatory stimuli.

Danger signals, either endogenous or exogenous, are perceived by resting antigen

presenting cells, including DC, such that they become activated and offer co-

stimulatory signals capable of initiating immune responses (102). Activated mature

DC are found in lymphoid organs, where they present antigen derived peptides to

CD4+ and CD8+ lymphocytes in T cell areas of lymph nodes.

In fresh blood, DC make up only 0.5% of the leucocyte population and are only

identifiable using flow cytometry for detection of surface markers. They do not

exhibit their characteristic morphology with veils and dendrites unless activated in

some way. Precursors of circulating DC (LC and IDC) reside in tissues where they

function as immature antigen capturing cells with high endocytic and phagocytic

activities. Following antigen uptake and activation DC migrate to the secondary

lymphoid organs where they mature and become antigen- presenting cells, able to

select and activate nai've antigen specific CD4+ T cells.

1.3.3 DC subsets

There are now reported to be at least two subsets of DC; myeloid related DC and

lymphoid related DC (43), which are derived from different lineages and may have

different functions. Myeloid DC originate from a committed DC precursor or a

granulocyte/monocyte precursor and can be derived in vitro from monocytes when

exposed to various combinations of cytokines. Lymphoid DC have been described in

mice, are derived from lymphoid precursors (12), and can be induced to differentiate

in vitro without GM-CSF (342). These lymphoid DC are characterised by expression
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of CD8a homodimers, and are capable of priming na'ive T cells in the periphery.

CD8a+ DC appear to bias towards CD4+ T cell priming to a T helper 1 (Thl) type,

cellular, response, whilst CD8a" DC appear to bias towards a Th2 type, humoral,

response (183; 242). It is myeloid derived DC that are the focus of applications to

stimulate immunity against cancer.

1.3.4 DC Function

a) Antigen uptake

Immature DC capture and process antigen in the periphery. They can take up antigen

by several different methods including; macro-pinocytosis (of large vesicles) (269),

endocytosis (of smaller vesicles) (305) or phagocytosis. The process of endocytosis

involves fractional crystalline receptors (Fc) or mannose receptors, whilst

phagocytosis of apoptotic cells (78; 250), necrotic cell fragments, viruses and bacteria

involves binding via av(35, avP3 and CD36 adhesion molecules (2). The method of

antigen capture influences the type of antigen presentation that will occur. The

process of endocytosis via the mannose receptor seems more efficient for class I

presentation than endocytosis via the Fc receptor. The ability to internalise free

antigen or apoptotic cells, as a source of antigen, is lost with maturation of DC (2;

269), over a time period of around 100 hours.

b) DC Migration

The migration of DC from sites of antigen uptake to sites of antigen presentation and

T cell interaction is obviously critically important to their function. DC accumulate

rapidly at sites of antigen deposition (192). DC respond to a variety of chemo-
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attractants including; platelet activating factor (300), formyl peptides (representative

of bacterial proteins) and C5a generated by the complement cascade (301) as well as

responding to a distinct set of chemokines . It is thought that migration of DC occurs

in response to changes in levels of chemokines that occur as a result of inflammation

or injury (275; 299). Chemokines can be classified into those that are constitutively

expressed and those induced in inflammatory conditions, although there is a

considerable degree of overlap (184). DC express receptors for and respond to both

types. DC express receptors CCR1, CCR2, CXCR1 and CCR5 for inflammatory

chemokines whilst in their immature state. These are receptors for the inflammatory

cytokines such as macrophage inflammatory protein 1 alpha (MIP la), macrophage

inflammatory protein 1 beta (MIP 1(3) and RANTES, which are rapidly induced in

damaged peripheral tissues, such as those challenged with pathogen. The expression

of chemokine receptors CCR1 and CCR5 are down regulated within 1 to 2 hours

following exposure to maturational stimuli and CCR1 and CCR5 proteins are rapidly

internalised from the cell surface (274). This is due to an autocrine mechanism

where, after exposure to an inflammatory stimulus, DC themselves produce large

amounts of the inflammatory chemokines MIP la, MIP 1(3 and RANTES, which

down-regulate cognate receptors. This mechanism is thought to be important in

allowing maturing DC to leave inflamed tissues. During maturation there is a

complete switch in chemokine receptor expression, which occurs at both the

transcriptional and the post-transcriptional level (270; 299). The chemokine receptor

CCR7 is up-regulated upon DC maturation and becomes responsive to two

chemokines produced in lymphoid organs, secondary lymphoid chemokine (SLC)

and macrophage inflammatory protein 3(3 (MIP-3(3). When matured DC lose their

33



responsiveness to MlP-la, MIP-3a and RANTES they acquire responsiveness to

MIP-3P, the receptor for which is CCR7. CCR6 is the receptor for MIP-3a and its

expression decreases progressively as DC mature (68). In combination this suggests

a role for MIP-3a/CCR6 in recruitment of immature DC to the site of injury and for

MIP-3(3/CCR7 in accumulation of antigen loaded mature DC in T cell rich areas.

Unlike other chemokine receptors CCR7 is resistant to ligand induced down-

regulation. In mice lacking CCR7, or CCR7 ligand, DC fail to migrate from skin to T

cell areas of the draining lymph nodes, providing compelling evidence for the role of

CCR7 in DC maturation (121). DC are thus attracted to the secondary lymphoid

tissues where clusters of DC form due to the expression of adhesion molecules CD58,

CD54 (ICAM 1) and CD 102 (ICAM 3), all of which are expressed at high levels by

activated DC (281).

Different DC subsets display different levels of sensitivity to certain chemokines. For

example CD34 derived immature DC express CCR6, the ligand for which is MIP-3a

and appears to be the most powerful chemokine involved in their migration. By

contrast MIP-3a has no effect on monocyte derived immature DC (118; 294).

The production of inflammatory and lymphoid chemokines is a highly co-ordinated

process (273). Those produced in the first few hours are likely to be released in

peripheral tissues where they stimulate and eventually down-regulate cognate

receptors as well as recruiting monocytes and immature DC into the inflammatory

site. Those produced later, by mature DC, tend to take the form of lymphoid

34



chemokines (274) and may facilitate the interaction of mature DC with naive or

memory cells. Lanzavecchia and Sallusto have suggested that the rate of DC

recruitment may be critically important to the balance achieved between T cell

priming and tolerance induction (272). Rapid recruitment of immature DC into

tissues occurs in the presence of pathogens, and their maturation and migration to

draining lymph nodes occurs rapidly leading to strong and sustained stimulation of T

cells. Conversely, in the absence of inflammation only few, poorly stimulating, DC

migrate to the draining lymph nodes, leading to abortive T cell responses and the

induction of tolerance - a situation that may apply in cancer.

c) DC Activation/Maturation

DC maturation is a continuous process initiated in the periphery upon antigen

encounter and completed during DC/T cell interaction. Factors which induce/regulate

it include pathogen derived molecules such as lipopolysaccharide (LPS), pI:C and

bacterial DNA. The balance between inflammatory and anti-inflammatory signals in

the local micro-environment is also thought to be important. For example, IL-1 and

TNF have been found to be potent stimulators of DC development whilst exposure to

IL10 blunts the impact of these agents. Upon encounter with T cells, T cell induced

ligation of CD40, a member of the TNF receptor family, results in increased

expression of co-stimulatory molecules of DC and adoption of a mature phenotype

(88). Additional maturational signals which are derived from the T cell interaction

include OX40 ligand and RANK/TRANCE interaction. Important differences

between mature and immature DC are presented in the table below.
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Comparison of Mature and Immature DC
Table 8

Immature DC Mature DC
Absence of prominent dendrites Prominent dendrites

High levels of cytoplasmic MHC class II High surface expression of MHC class I
molecules and class II

Low levels of surface class II, co- High levels of adhesion molecules
stimulatory and adhesion molecule
expression

Intact phagocytic activity Poor phagocytic capacity

Poor stimulation of T cell responses Potent stimulation of T cell responses

The surface markers of DC also change as the process of maturation occurs.

Immature DC express high levels of CCR1, CCR5 and CCR6, low levels of CCR7,

CD54, CD58, CD80, CD86, CD40, and CD83. Mature DC express low levels of

CCR1, CCR5 and CCR6 with high levels of CCR7, CD54, CD58, CD80, CD86,

CD40, and CD83. Unfortunately these differences are not absolute, and there is a

continuum of loss of or increased expression of a particular marker as DC mature.

d) Antigen presentation by DC

When activated DC migrate from tissues there is a switch from antigen uptake to

antigen presentation. DC can process antigen by the classical pathway where

endogenous antigens are processed by proteasomes into the MHC class I

compartment, and exogenous antigens are processed into the MHC class II

compartment. They are also capable of processing exogenous antigen into the class I

compartment, a phenomenon known as cross priming(224). Antigen processing is

also modulated during DC maturation. In immature DC antigen is concentrated in
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MHC class II compartments, but after treatment with TNFa, which induces

maturation, these intra-cellular vesicles disappear and surface MHC I expression is

up-regulated (269).

e) DC/T Cell interaction

Initially the antigen specific T cell receptor is ligated by the MHC/peptide complex

on the DC. DC/T cell clustering is then mediated by adhesion molecules which

include CD2, CD54 and CD58. In addition to this, the interaction between co-

stimulatory molecules expressed by the DC and their ligands expressed by the T cells

is necessary to sustain T cell activation. The co-stimulatory molecules CD80 (B7-1)

and CD86 (B7-2) are present only at low levels on immature DC, but at higher levels

on activated or mature DC (190). CD 86 on DC is so far the most critical molecule

for the amplification of T cell responses (69; 143). The interaction of CD40 and

CD40 ligand (CD40L) occurs after DC make contact with T lymphocytes. As well as

being involved in the induction of CD80 and CD86 (44) this interaction induces DC

to produce heterodimeric p75 interleukin 12 (IL12) (49; 129), which plays a key role

in the stimulation of a TH1 type, cellular, immune response, though IL-1, TNF and

chemokines are also involved. Initially DC activate CD4+ T cells, which then

become CD40L+ and in turn stimulate CD40+ DC, which are able to prime antigen

specific CD8+ T cells (CTL). The first step in this process can be bypassed by

modulation of the surface molecule CD40, or by viral infection of the DC. So DC are

able to induce both CD4+ and CD8+ lymphocytes (256).

1.3.5 Distinct DC subsets elicit distinct T-H responses
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DC subsets may provide T cells with the different cytokine/molecule

microenvironments that determine the class of the immune response that occurs. In

humans CDllc+ monocyte derived DC polarize na ve T cells towards a Thl type

cellular response, whereas the CD1 lc- DC subset induces T cells to a predominantly

Th2 type humoral response (257). This may be related to the stage of differentiation/

maturation of the DC (48). In further experimental systems CD80 was shown to

promote a Thl type response, whilst CD86 tended to skew towards Th2 type

responses (93; 157).

a) Plasiticity of DC Function

Evidence exists that the function of DC may be altered by the cytokine environment.

For example DC that normally induce Thl type profiles can be converted to Th2

skewing cells when treated with anti-inflammatory cytokines such as IL-10 (57) and

TGF(3 (309) or with steroids (237) or PGE2 (150). DC subsets isolated from different

organs differentially affect Th responses. Murine DC from Peyers patches elicit Th2

responses, whilst splenic DC induce Thl responses (143), though the mechanisms

underlying this difference are currently unknown.

1.3.6 DC and B-Lymphocyte regulation

DC enhance the differentiation of CD40 activated B cells towards IgG secreting cells

by secreting soluble IL6Ra gp80, which complexes to IL6 (69). DC also help the

differentiation of activated nai've B cells to plasma cells, and can induce surface IgA

expression on CD 40 activated naive B cells (81), although IL 10 is necessary for

further differentiation into IgA secreting cells. However, to generate a humoral



response Ag specific CD4+ T helper and Ag specific B cells must interact, and this

may occur in the paracortical areas of the secondary lymphoid organs. In rat models

DC can capture and retain unprocessed antigen, and then transfer it to naive B cells to

initiate a specific Th2 associated antibody response (343).

1.3.7 DC and NK Cells

Precursors of CDllc- DC may activate NK cells through the release of IFN a, so

enhancing the anti-viral and anti-tumour activity of NK cells, effectors of innate

immunity (230). DC at intermediate stages of differentiation may regulate the

activity of NK/NK T cells through the release of IL 12, IL 15 and IL 18 (105; 291).

NK T cells produce high levels of IL4 and IFN y, which help to determine the type of

immune response induced. DC subsets differentially regulate NK/T cell cytokine

profiles, with monocyte derived DC promoting IFN y release and plasmacytoid DC

polarising NK T cells to IL 4 production (149). NK cells can also be activated

directly, or indirectly by DC (46; 84), and activated NK cells may promote DC

maturation in the marginal zone of the spleen (292).
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1.3.8 DC life cycle

DC Life cycle
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ANTIGEN SPECIFIC
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Figure 2

The secretion of IL 7 by inter-digitating DC leads to the proliferation of CD4 and

CD8 cells (15; 350), and IL 12 biases towards a Thl type response (128). A feed back

loop is created by the system when CD40 on T cells interacts with its ligand leading

to activation of immature DC (28; 284).
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1.3.9 Dendritic cells in cancer

Whilst the frequency of circulating DC in normal individuals is around 0.5 to 0.75%

of leucocytes, that in cancer patients receiving chemotherapy and in cancer patients

post stem cell transplantation is significantly lower when determined by flow

cytometry (0.75 +/- 0.04% in normals, 0.36 +/- 0.05% in cancer patients on

chemotherapy and 0.14 +/- 0.06% in cancer patients recovering from stem cell

transplant) (280).

Although there have been reports that DC infiltration into tumours is associated with

good prognosis in various types of human cancer (11; 30; 285; 328) several groups

have described the defective function of DC in tumour bearing animals (52; 95) and

cancer patients (53; 76; 96; 221; 244; 325). This was originally manifest as a

reduction in the level of expression of class II and co-stimulatory molecules on DC

(i.e. the presence of an immature DC phenotype), and a reduced ability of DC to

stimulate allogeneic T cell responses and antigen specific autologous T cell

responses. It was thought that the tumours themselves might cause this reduction in

maturation of DC (142), and this was backed up by the fact that competent DC could

be generated by ex vivo culture from both mice and cancer patients (96; 99).

However, Kiertschners group showed in vitro (153) that exposing CD 14+ derived DC

to tumour supernatants lead to an up-regulation of surface markers (consistent with

mature cells), but that these DC lacked the capacity to produce IL12, did not acquire

full allo-stimulatory capacity and rapidly underwent apoptosis. The effects were not

reversed by antibodies against known DC regulatory factors such as IL-10, VEGF or
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PGE2. Supernatants collected from non-malignant cell sources had no effect on DC

maturation.

A recent study by Almand and colleagues (7) examined the peripheral blood and

lymph node DC from patients with breast, lung and head and neck cancer. They

concluded that peripheral blood DC, of which there were a reduced number compared

to controls, caused less stimulation of allogeneic T cells and reduced antigen specific

stimulation of autologous T cells than DC from cancer free controls. The reduction in

levels of DC activity was significantly associated with advanced stage of the cancer

in patients with head and neck cancer, and the DC that were present expressed an

immature phenotype. A similar reduction in function of DC isolated from the lymph

nodes was observed, and they concluded that there was therefore a systemic defect in

DC activity in these cancer patients. Importantly, surgical removal of the tumour

resulted in partial reversal of the observed effects. The immature phenotype of

tumour associated DC may reflect a lack of effective maturational signals in situ,

prompt migration to lymph nodes of mature cells or the presence of maturation

inhibitors in the tumour context (such as IL10). These elements may co-exist in

varying degrees in different types of cancer (6).

The differences between circulating DC in patients with early and advanced cancer

has been examined by Lissoni and colleagues(170). The mean percentage of both

immature and mature DC was significantly lower in cancer patients than in controls,

and the mean percent of both the mature and the immature subsets were lower in the

patients with metastatic disease than in the patients with non metastatic disease.



One explanation for the reduction in DC function in patients with cancer is related to

IL 10. Some tumours are known to produce IL10, including melanoma, myeloma, B

cell lymphoma, ovarian and bronchogenic carcinoma (120; 152; 156; 238; 278; 296).

The production of IL10 by tumours is correlated in advanced disease with elevated

serum levels, increased detection of IL 10 secreting tumour cells in metastatic lesions

and a higher release of IL10 by metastatic cells from patients with progressive

melanoma compared to metastases responding to therapy (70; 71; 76). IL 10 is a

potent immunosuppressive cytokine, which in vivo has been shown to prevent DC

generation (5; 38; 243), and to exert an inhibitory effect on the antigen presenting

function of DC due to down regulation of MHC II and several co-stimulatory

molecules as well as the reduction of a variety of secreted inflammatory cytokines

(58; 59; 87). IL 10 treated DC have a reduced capacity to stimulate the proliferation

of both naive and primed T cells, and these same IL10 treated DC can induce a state

of allo-antigen specific anergy in CD8+ T cells (303). The implication of this is that

IL-10 secreted by tumours might be a mechanism whereby tumours can inhibit

immune surveillance by in effect reversing the function of DC from being potent

stimulatory cells to tolerance inducing cells. A recent paper in Cancer Research (37)

suggested that the inhibitory effects of IL-10 produced by tumours might be corrected

by using TNFa, or CD40 ligand in the generation of DC. Such DC were able to elicit

CTL responses against viral and tumour associated peptide antigens whilst those

generated in the presence of GM-CSF/IL4 and IL-10 were not.
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Other mediators that inhibit DC differentiation/maturation include vascular

endothelial growth factor (VEGF) and IL6. VEGF is produced by a large percentage

of tumours and is required for the development of tumour neovasculature (86). Its

production is closely associated with a poor prognosis (320). VEGF binds to CD34+

haematopoietic progenitor cells and inhibits the activation of transcription factor NF-

kB in these cells (228), and continuous infusion of VEGF results in inhibition of DC

development (98). VEGF partially blocks the ability of Flt3 ligand to stimulate DC

production and maturation in mice (227) and so co-administration of agents which

block the inhibitory effects of VEGF may enhance the effect of Flt3 ligand based

immunotherapy in cancer. Anti VEGF neutralising antibody blocks the inhibitory

effects of tumour cell supernatants on DC maturation in vitro (94) and in vivo,

although anti VEGF antibody alone did not affect the rate of tumour growth, it

significantly improved the number and function of lymph node and spleen DC in the

tumour bearing animals (97). When tumour bearing animals were immunised with

peptide pulsed DC there was slowing of tumour growth during the period of

treatment. When given in combination with anti VEGF antibody there was a more

pronounced and longer lasting anti tumour effect which was associated with the

induction of peptide specific CTL responses (97). This also suggests a potential

adjuvant role for inhibition of VEGF in immunotherapy.

Tumours may inhibit migration of DC to tumour bearing tissues by down-regulating

cell adhesion molecules such as endothelial vascular cell adhesion molecule 1

(VCAM-1). VCAM-1 mediates extravasation of circulating lymphocytes into sites of

inflammation, so can be presumed to play a role in the migration of CTL into



tumours, as well as in the migration of DC. In both murine and human tumours the

expression of VCAM-1 is reduced in tumour infiltrating vascular endothelial cells

compared to vessels distant from the tumour (235). The down regulation of VCAM-1

in tumours may be another mechanism whereby tumours evade detection by the

immune system as neither DC (to pick up antigen) nor CTL (to lyse tumour cells) can

enter.

It has been proposed that DC in patients with cancer may not be able to efficiently

process potentially immunogenic tumour proteins. For example MUC-1 is readily

taken up by DC, but it is not transported to late endosomes or MHC class II

compartments for processing and binding to MHC class 11(131). A similar process

was demonstrated for another glycoprotein tumour antigen HER-2/neu, where again

the block in intracellular processing was at the early endosomes (131), implying that

there was no peptide processing or presentation.

1.3.10 Effect of systemic medications on DC function

a) Corticosteroids

Many cancer patients are treated with corticosteroids for a variety of indications

which include; prevention of delayed chemotherapy induced emesis, reduction of

oedema (with Docetaxel), stimulation of appetite and to induce a feeling of general

well being. As the majority of clinical trials of DC therapy are in the cancer field it is

vital to know how the use of corticosteroids could potentially affect the therapy.

Glucocorticoids are known to be immunosuppressive, as a result of their effect on the
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growth, differentiation and function of T lymphocytes and monocytes/macrophages

(8). Murine work has indicated that dexamethasone impairs the function and

maturation of DC (154; 202). The viability of human DC is not affected by 24 hour

incubation with methyl prednisolone, but the exposed DC were able to internalise

antigen to a greater extent than the untreated DC. The implication from this being

that the methyl prednisolone treated DC were more immature, and indeed these cells

produced less IL-12 and TNF a than the untreated DC, again a feature of relative

immaturity. This was further supported by a decrease in expression of DC surface

markers associated with maturity (such as CD86) in the methyl prednisolone treated

DC, although they remained CD 14 negative. This was found to occur in a dose

dependent manner. There was no effect on the expression of co-stimulatory molecule

CD80. Functionally methyl prednisolone treated DC were much less efficient than

untreated DC in their ability to stimulate proliferation of naive CD4+ CD45RA+ T

cells in an allogeneic MLR (331). Although this means that glucocorticoids could

have a detrimental effect on DC function in vivo and when DC are used in

vaccination protocols in cancer they may actually be beneficial in prevention of

transplant rejection. Similar effects of treatment with dexamethasone have been

described which ultimately lead to a reduced capacity of DC to stimulate T cells

(237).

b) Aspirin

Aspirin is commonly used n the primary and secondary prevention of vascular disease

including coronary artery disease and cerebrovascular disease and as such many

patients with cancer are taking aspirin. In a study by Matasic and colleagues(187)
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immature human myeloid DC were differentiated in vitro in the presence of aspirin.

These DC were unable to stimulate T cell proliferation. The aspirin treated DC had

lower levels of CD83 and IL-12. Their expression of CD 14 was increased, also

consistent with an immature phenotype. If aspirin inhibits the maturation of DC such

that they have a reduced ability to induce T cell proliferation this may have important

implications for the treatment of patients in DC trials- especially those trials which

have pre-medicated the patients with aspirin and anti-histamines prior to the

administration of DC to prevent transfusion like reaction and the development of

fever.
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1.4. CLINICAL USE OF DC

1.4.1 Dendritic Cell Generation/Expansion

Initially the isolation of DC from the peripheral circulation was time consuming and

provided a low yield of cells . Methods used for this included density gradient

centrifugation (191), elutriation (148) and the use of antibodies and magnetic beads or

cell sorting (82). These methods were limited by the low frequency of DC in blood

(<1% of peripheral blood mononuclear cells). It is now possible to generate DC from

either CD34+ haematopoietic precursors or CD 14+ peripheral blood monocytes. DC

generated from both these sources are immunocompetent and can take up

exogenously presented antigen, process it and then present it to cytotoxic T-cells

(110; 117). A third method involves a brief period of culture of the high-density

fraction of fresh blood without the use of any cytokines and has been employed by a

few groups (138; 248; 295; 344).

a) CD34+ progenitors

These can be used for the generation of dendritic cells and can be obtained from

several sources; bone marrow (249; 308), peripheral blood (306) or cord blood (45)

and G-CSF mobilised peripheral blood. They are then cultured for up to 14 days in

the presence of GM-CSF and TNF a with or without IL4. They undergo proliferation

at a high rate during the first 4 days of culture, making them suitable at this stage for

gene transfer with a retrovirus. At the end of the culture period a population of cells

is obtained which contains as many as 50% DC, depending on the conditions used to

define the DC population. The main disadvantage of using CD34+ cells as the

starting point for the generation of DC is the additional requirement for TNF a, which
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biases towards the production of mature DC and makes it difficult to distinguish the

antigen capture/processing phase and the antigen presenting phase from each other.

This obviously has implications for their use in cancer immunotherapy.

b) CD14+ monocytes

These form the plastic adherent fraction of peripheral blood mononuclear cells and

differentiate into DC when cultured in the presence of GM-CSF and IL4 (or IL13)

(51; 236). Using this method a population of cells where as many as 90% of the cells

are defined as DC can be obtained. Importantly the maturation of the DC generated

by this method does not occur until a secondary maturational agent is added to the

culture, such as TNF a (54)(. Without this maturation step the DC phenotype can

revert to that of a monocyte by withdrawal of cytokine supplementation. Monocyte

derived DC have been shown to be capable of inducing strong anti-tumour responses

in vivo in murine models (229; 351), and recently in clinical trials the induction of

specific immune responses as well as tumour regression was reported (220).

The difference in the maturational status of the DC generated by the two main

methods of culture described previously has important implications for clinical trials.

Antigens that require processing should be added to immature DC, whereas defined

synthetic peptides that bind directly to MHC molecules without requiring processing

should be added to mature DC. Investigators should take this into account when

choosing the method of DC generation that they will employ and the type of agent

used to pulse the cells.
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The advantages of using CD 14+ monocytes are that they are more accessible then

CD34+ haematopoietic precursors, have a more limited differentiation potential, and

can yield a more highly enriched population of DC with fewer enrichment steps than

required when starting with CD34+ cells. Using 50mls of whole blood it is possible to

7 • •

generate more than 10 DC using this method. For these reasons most investigators

have used CD 14+ peripheral blood monocytes as their starting population.

However, CD34 progenitor and monocyte derived DC are probably not equivalent.

Herbst and colleagues showed that the morphology, function and phenotype of the

DC generated from either source were similar, but that the monocyte derived DC

appeared to have a higher degree of maturity in terms of having lower numbers of

multilaminar MHC class II compartments and less efficient antigen presenting

function for extracellular antigens (125). In another study the function of the two

types of DC was not found to be equivalent when the DC generated were used to

activate low frequency peptide specific CTL precursors. The CD34+ derived DC

were found to be superior in the activation of Melan-A/Mart-1 specific CTL's from

low frequency precursors compared to the monocyte derived DC despite having

similar cell surface marker characteristics (201). This has been confirmed by another

group (83) who generated DC from both these sources from the same patient, and

although their phenotype and ability to stimulate allogeneic T cell proliferation was

similar, the CD34+ derived DC, when used to present peptide, led to significantly

more antigen specific T cells than the monocyte derived DC.
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e) Expansion of DC in vivo.

Administration of FMS like tyrosine kinase receptor (Fit 3) ligand to mice in vivo

results in preferential mobilization or release of DC precursors from the bone marrow

to the periphery (185), and has been shown to induce tumour regression and anti-

tumour responses (175). When given to healthy volunteers Flt3 ligand resulted in a 30

fold increase in the number of DC in peripheral blood (186), and also in the

mobilization of plasmacytoid DC as well as myeloid DC (80). In patients with

metastatic breast cancer similar increases in the number of circulating DC were seen

(104). In a recently reported trial (199) Flt3 ligand given prior to resection of

metastases in patients with colon cancer resulted in a four fold increase in circulating

DC, which exhibited the phenotypic characteristics of immature DC, i.e. low

expression of CD la, CD80 and CD83 with bright expression of HLA DR. An

increase in the number of DC was seen at the periphery of the tumour in the patients

who had received Fit 3 compared to those who had not. There were no documented

objective responses to the Fit 3 therapy, although two patients showed small

decreases in the tumour marker CEA. For future application of this approach it

should be possible to harvest, by leucapheresis, these DC for ex vivo manipulation

and priming with antigen, avoiding the need for prolonged in vitro culture and risks

of cross contamination of culture products.

1.4.2 Serum considerations

Serum is required in culture systems to provide protein for cell turn over. Foetal calf

serum (FCS) is generally used, but may contain antigens which may be immuno¬

genic. Serum also contains proteases that may alter the antigenicity of MHC I

restricted peptides added in vitro to the DC preparations (77), and antibodies that may
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interfere with the method of antigen capture and processing. To avoid some of these

problems investigators have variously used serum free media for culture of dendritic

cells (e.g. AIM V) (174), or media supplemented with autologous plasma or pooled

AB serum. The use of serum free media seems particularly attractive as it avoids all

potential for transmission of blood-borne viral and prion infections.

1.4.3 Cryopreservation of DC

Many DC based immunotherapy schedules now use DC which have been cryo-

preserved. The survival profile of DC depends on cooling rate (similar to other

lymphoid cells) with a reduction in yield of viable cells as the cooling rate is

increased, but DC are more sensitive to freezing injury than either lymphocytes or

macrophages (311). The functional ability of DC which have been cryo-preserved

compared to that of fresh DC has only been reported when both populations of DC

have been generated from previously cryo-preserved precursor populations (54; 182).

So all the cells have at some stage had some freezing insult, and it is not known how

cryo-preserved DC vary in terms of phenotype and function from fresh DC generated

from non cryo-preserved populations.

1.4.4 Effect of route of administration on DC distribution

Murine (161) and primate (22) work has demonstrated that DC administered

intravenously initially appear in the lungs followed several hours later by

accumulation in the liver and spleen. In these studies subcutaneous administration

resulted in varying degrees of migration to regional lymphatics. In cancer patients In-

111 labelled DC generated from autologous PBMC (195) given intravenously

localised to the lungs and then re-distributed to liver, spleen and bone marrow, but
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not nodes or tumours. Those given intradermally or subcutaneously were partially

cleared from the injection site, but migration to regional nodes was found only after

intra-dermal and not subcutaneous injection. With increased knowledge of the

mechanism of action of DC it seems that for a T cell response to be generated it is

necessary for the DC and the T cells to come in contact in the lymph nodes.

In terms of the response generated following DC vaccination two groups have shown

that the CTL responses differs depending on the route of administration (75; 290).

Peptide pulsed DC given intradermally resulted in the most rapid CTL response,

which occurred in the local draining lymph nodes, whereas those given intravenously

induced measurable CTL responses only in the spleen. However, whilst the time to

onset of the responses varied, the magnitude of the responses did not differ. Serody's

group (290) also demonstrated that the CTL responses generated peaked after the

third weekly injection, but diminished after the 6th or 7th injection. This did not occur

when the vaccines were administered every 3 weeks. They postulated that this might

be due to clonal exhaustion of the responding T cell population as the result of

weekly DC injections.
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1.5.CHOICE OF AGENTS AND METHODS TO LOAD DC

It is necessary to provide DC with antigen so that they can begin to initiate a tumour

specific T cell response. A variety of approaches to pulse, or load, DC have been

used in pre-clinical and clinical models and they can be broadly classified as listed

below;

Approaches to pulse DC
Table 9

Tumour cell/DC fusions

Tumour lysates

Peptides/proteins

DNA/RNA

Each of these methods has theoretical advantages and disadvantages. Ideally target

antigens should be specific to the tumour type and required for its growth and

survival.

1.5.1 Transfection with tumour cell RNA

A key advantage of using antigen in the form of RNA is that RNA can be amplified

from a few cells and hence sufficient amounts of antigen can be generated from a

limited amount of tumour tissue(108). Murine and human DC transfected with

mRNA can stimulate potent CTL responses in vitro and in vivo (32; 214). Tumour

bearing mice treated with DC transfected with tumour RNA showed reduction in

metastases or improved survival(18). Boczkowski and colleagues (31) have recently



shown that tumour mRNA isolated from murine melanoma cell lines or from primary

human tumour cells micro-dissected from frozen tissue sections, can be amplified

without loss of function and can stimulate a primary CTL response in vitro. CEA

RNA transfected human DC can stimulate a CEA specific CTL response in vitro

across a broad range of HLA types in healthy volunteers as well as in a CEA positive

cancer patient (214; 216). The same group have recently shown that using telomerase

reverse transcriptase transfected DC induces immunity against tumours of unrelated

origin in mice and induced TERT (the polypeptide component of telomerase) specific

CTL which could lyse autologous human tumour cells(215).

1.5.2 Transfection with liposomal DNA or RNA

The use of RNA to pulse dendritic cells has been accomplished in vitro, and although

surface expression of the antigen introduced was weak (4) it lead to the generation of

class I restricted responses (214). A comparison between adenoviral transfection and

liposomal transfection has shown adenoviral transfection to be superior (16). An

additional advantage of adenoviral vectors is that they expose the DC to some of the

inflammatory mediators required for their activation. However, adverse reactions

(including patient death(297)) associated with adenoviral vectors have been reported.

1.5.3 Tumour associated peptides

Several pre clinical animal and in-vitro studies have demonstrated the ability of

dendritic cells pulsed with defined antigens to induce tumour specific responses (19;

50; 188; 233; 326). In these cases the 9 to 11 amino acid peptide is simply added to

the mature DC preparation, and is directly presented. Truly tumour-specific antigens



are theoretically advantageous as the immune response induced by such antigens

would be limited to tumour cells bearing epitopes of the antigen, limiting the risk of

damage to normal tissues. Specific MHC restricted peptides derived from tumour

associated antigens such as MART-1, MAGE-1, CEA and PSMA have been used (9;

220; 319). The limitations of this approach are that few tumour specific peptides

have been identified, and that their use is limited to patients of a specific HLA type,

and also that binding affinity for a particular HLA allele may not translate directly

into immunogenicity. Tumour specific antigens may vary between individuals with

the same tumour type, and any approach directed against a single antigen may favour

the selection of tumour mutants that have selectively lost the ability to present

efficiently the defined antigen(139). In addition, the use of class I peptides means

that the immune response initiated is limited to generation of CD8+ T cells, implying

that the role of MHC class II restricted T helper cells is ignored. The immunogenicity

of many of the peptides are uncertain, and loading into the DC may be inefficient,

thus resulting in an ineffective attempt at generation of an immune response.
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1.5.4 Tumour associated protein

The main advantage of this is that it provides a range of antigens, so avoiding the

problem of possible down-regulation of one antigen or lack of recognition of tumour

cells, and generates a polyclonal response directed against multiple tumour antigens.

Mice immunized with DC loaded with un-fractionated peptides acid eluted from

tumour cells were protected from challenge with immunogenic tumours and

experienced delayed growth of cancers that were characteristically non immunogenic

(351). This principle has now been employed in some clinical studies, involving

patients with haematological malignancies such as multiple myeloma or non-

Hodgkins lymphoma (138; 167; 248; 316; 338). In all of these studies idiotype

protein was used to pulse the DC, isolated by chromatography from the serum or

urine of patients with multiple myeloma (167; 248; 316; 338), or from tumour

biopsies in patients with non-Hodgkins lymphoma(138). This approach relies on the

ability of DC to internalise and process antigen, a feature of immature DC, whose

immuno-stimulatory capacity is less than mature DC. Exogenous protein is

processed by the class II pathway and results in primarily T-helper as opposed to

cytotoxic T cell responses, and although DC can leak exogenous antigen into the class

I pathway leading to CD8+ CTL this is inefficient (this phenomenon is known as

cross priming). Most solid tumours do not express class II determinants, so the

generation of CD8+ T cells is required for an effective anti-tumour immune response.

Therefore it is necessary for antigens to be delivered to DC in such a manner as to

ensure their access to the class I pathway. This approach is obviously similar to

using tumour cell lysates to pulse the DC, which again provide a wide range of

antigens, and have reached the stage of clinical trials (134; 205; 220; 253). One of
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the problems of using tumour cell lysates to pulse DC is that immune responses to

many proteins expressed on normal cells and unrelated to the malignant condition

may be generated, i.e. autoimmune disease. This has safety issues, given recent

evidence that immunisation with some antigens expressed on normal cells in addition

to tumour cells can result in fatal autoimmune disease in mice (173). In this work

mice bearing tumours which resulted from injection of cells from the MC-GP cell line

were immunised with DC expressing lymphocytic CMV glycoprotein, a model

tumour antigen that is also expressed on pancreatic B islet cells. In every case where

a CTL response was generated which was maintained for a prolonged period of time

this was accompanied by the development of autoimmune diabetes in the animals,

and there was no window for curative tumour immunity without the development of

diabetes. In a similar model, using a different antigen, the same group found that the

mice developed severe arteritis, myocarditis and eventually dilated cardiomyopathy.

1.5.5 Transfection of DC with genes encoding for tumour specific proteins

The aim of this approach is to avoid some of the difficulties associated with the

exogenous loading of tumour antigens. As the antigens are processed through

endogenous mechanisms and presented by the class I pathway there should be less

MHC restriction and CD8+ CTL should theoretically be generated. Adenoviruses

have been used to deliver DNA to DC (67; 254; 298; 302), and have been successful

in animal models. In one such study DC transduced with the adenoviral vector

carrying the MART-1 gene were more effective than the adenoviral vector alone in

protecting an animal from challenge with a fibrosarcoma line expressing MART-1.

Since there have been problems recently associated with adenoviral vectors, which



included the death of one patient, this may be less clinically relevant than previously

thought, although in the end it is a balance of risk against benefit. Retrovirus has

been used to transfect CD34+ derived DC (124; 246), and it is thought that it could

allow stable expression, processing and presentation of TAA epitopes (246).

Interestingly monocyte derived DC are not susceptible to retroviral transduction since

they do not proliferate, a pre requisite for retroviral transduction (13). In murine

models the ability of transfected DC to stimulate anti-tumour CTL has been

established (34; 115), although this is not the case in human systems as yet.

Non viral systems are also being investigated. One recent study has used CL22, a

cationic peptide, to condense plasmid DNA carrying the antigen expression

constructs (141) and transfect DC with 30% efficiency. CL22 was the most efficient

agent when compared to a series of commercially available alternatives which

included Lipofectin, LipofectAMINE and FuGENE. In this study CL22 mediated

transfection of human monocyte derived DC with antigen expressing plasmids

enabled the DC to stimulate autologous T cells in vitro such that they developed

antigen-specific CTL activity. When applied to murine models in vivo the transfected

DC lead to antigen specific primary immune responses, and CL22 mediated

transfection of mouse DC with a TAA gene provided anti-tumour effects in mice that

were superior to those resulting from direct peptide pulsed DC.

1.5.6 Tumour cell/DC fusions

In this strategy multiple tumour antigens, including those that are unidentified, are

processed endogenously and presented by the class I pathway. In a murine model,

59



animals with established tumours were vaccinated with fusion cells and rendered

disease free (114). In in vitro work by the same group, human DC/breast tumour cell

fusions were able to stimulate autologous T cells, which were otherwise un¬

responsive to autologous breast tumour cells (113). These fusion cells were effective

in inducing anti-tumour CTL's, which lyse autologous carcinoma cells by an MHC

class I restricted mechanism. One of the problems of translating DC/tumour cell

fusion to the human cancer situation is that pure, proliferating tumour cells are

required, which can be difficult to obtain in human cancers, especially as there may

not be sufficient accessible tumour.

1.5.7 Uptake of dying or killed tumour cells

The use of un-fractionated tumour material may provide both MHC class I and MHC

class II epitopes and does not require the identification of TAA. DC are able to

capture apoptotic cells and elicit MHC class I restricted secondary CTL responses (3)

but may be implicated in the development of para-neoplastic cerebellar degeneration

by inducing a CTL response to tissue-restricted antigens (1). It has also been shown

more recently that DC can capture killed tumour cells and process and present their

antigens to generate TAA specific CTL. These DC induce MHC class I and class II

restricted proliferation of autologous CD8+ and CD4+ T cells, demonstrating the

cross presentation of tumour cell-derived antigens (226).

1.5.8 Summary

Each of the methods described to load DC with antigen has theoretical advantages

and disadvantages for the induction of tumour immunity which may be further



compounded by availability of starting materials, or local expertise and regulations.

Perhaps the most straightforward approach is to use a range of class I peptides

derived from tumour associated antigens, allowing generation of a CD8+ response,

but overcoming the problems of using a single antigen by providing a variety of

antigens for the DC to process.
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1.6. MUC-1

The peptide MUC-1 was identified in 1985 following the observation that human T

lymphocytes could kill pancreatic tumour cells. It was subsequently found to be

shared by breast tumours and is now know to be present on many epithelial

adenocarcinomas. MUC-1 in cancer cells is not genetically different from MUC-1 in

normal cells, but it does have other important differences, which make it a potential

immuno-therapeutic target.

1.6.1 MUC-1 structure

MUC-1 was the first mucin to be cloned from a breast tumour cDNA library (106;

107), and since then nine other mucin genes have been discovered. The gene and its

product are now designated MUC-1, although the product has previously been termed

polymorphic epithelial mucin (310). The MUC-1 gene is located on chromosome lq

21-24 (307), and codes for a glycoprotein molecule consisting of a large domain

made up from tandemly repeating sub-units, the hallmark of all mucins. The number

of tandem repeats varies greatly between alleles, ranging from 20 to 125 repeats

(106). The tandem repeat itself is 20 amino acids long and has the sequence

PDRPAPGAPPAHGVA. The serine and threonine residues are glycosylated with O-

linked oligosaccharides, and each repeat contains 5 potential sites of O-linked

glycosylation. The side chains of normal human breast epithelial cell mucin are

branched and contain up to 10 carbohydrate residues (122). Many of these

carbohydrate side chains end in sialic acid residues, imparting a strong negative

charge. The carbohydrate side chains of MUC-1 confer a high level of hydration



allowing it to interact with other mucins, performing part of its central function of

lubrication and protection. The state of mucin glycosylation affects its recognition,

and tumour associated mucin is distinct from native due to under-glycosylation,

allowing unmasking of a section of the mucin polypeptide core, thus forming an

novel epitope accessible to antibodies and to recognition by T cells (145).

MUC-1 is a cell surface molecule and extents more than lOOOnm from the cell

surface, one hundred times further than other cell surface molecules (92). One of the

major differences between MUC-1 and other mucins is that it is an integral membrane

glycoprotein with a trans-membrane domain and a cytoplasmic tail. Normally MUC-

1 expression is polarised and restricted to the apical surface of the cell which faces

into the lumen of the duct, and so is not presented to the immune system. However in

tumours MUC-1 is expressed over the entire cell surface.
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Schematic representation of MUC-1

Figure 3
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1.6.2 Function of MUC-1

Generally the function of mucin on normal epithelium is to lubricate and protect the

epithelial cells from the harsh environment of the lumen. MUC-1 expression reduces

intercellular adhesion and participates in epithelial sheet differentiation and lumen

formation during organogenesis (33). It's over expression decreases E-cadherin-

mediated cell-cell and integrin mediated cell-matrix interactions, especially when the

normal apical distribution is lost (339), which may have an influence on cellular

metastatic potential.

1.6.3 MUC-1 in Cancer Cells.

When ductal cells undergo transformation, recognition of MUC-1 by the immune

system becomes possible for 4 reasons. First, the architecture of the duct is destroyed
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so that the luminal surface becomes more accessible to tumour cells. Second, within

the transformed cells mucin now covers the whole cell surface, and so there is

potential access to it by the immune system. Thirdly, the mucin expression level

increases, and it reaches the cell surface incompletely glycosylated. And finally a

novel epitope of the poly-peptide core becomes expressed as the result of under

glycosylation.

The length and negative charge of MUC-1 make it an anti-adhesive molecule (130),

therefore a high level of expression of this molecule on tumour cells may make them

less adherent to other tumour cells and more likely to metastasize, possibly

contributing to their aggressiveness (277). It is also thought that, again due to the

length of the extracellular domain, MUC-1 may shield the cancer cell, masking other

molecules important for cell-cell interactions (for example the major

histocompatibility complex or cell adhesion molecules), as well as covering other

potential target antigens (27). In cancer the aberrant form of MUC-1 is shed into the

circulation and both cellular and humoral immune responses to it can be detected.

1.6.4 Recognition of MUC-1 by immune effectors, both cellular and humoral,

a) Cellular.

MUC-1 is recognised by both CD4 and CD8 cells as a cell surface molecule directly

by the T cell receptor. This occurs independently of MHC class I or II molecules.

This lack of MHC restriction is thought to be due to the highly repetitive nature of the

mucin allowing for cross linking of the TCR on mucin specific T cells (144).



Supportive evidence comes from the derivation of MHC unrestricted MUC-1 specific

CTL from patients with breast cancer (144), ovarian cancer (140), and pancreatic

cancer (146). In a group of 16 patients with metastatic breast cancer immunised with

a low dose of a 16 amino acid MUC-1 peptide conjugated to KLH plus detox

adjuvant, evidence of cytotoxic T lymphocyte (CTL) activity was detected in 7 of 11

patients tested (245).

b) Humoral.

Humoral responses to MUC-1 have been found in both benign and malignant

diseases. MUC-1 antibodies directed against the protein core have been described

both in patients with ulcerative colitis (132) and in patients with benign ovarian

tumours (255). As regards malignancy, IgM antibodies have been described in

breast, colorectal, ovarian and pancreatic cancers (155; 234; 255) and IgG antibodies

in colorectal cancer. The study by Koter et al showed that patient sera had different

levels of reactivity to peptides of different lengths. Peptides which contained five

tandem repeats were superior to those containing three or four repeats in allowing the

detection of high levels of anti mucin antibodies in reactive sera.

1.6.5 Cancers which express MUC-1

MUC-1 is known to be expressed on prostate cancer, adenocarcinoma of the lung,

salivary gland tumours and multiple myeloma in addition to breast and ovarian

adenocarcinomas. It has recently been reported that 60% of bladder cancers express

MUC-1, and that increasing levels of expression (as detected by

immunohistochemistry) occur as the primary cancers acquire a more aggressive



phenotype (41). Upper gastrointestinal cancers also express MUC-1 with over 90%

of pancreatic cancers expressing MUC-1 in its aberrant form. Cholangiocarcinomas

have also been shown to express it (277). The fact that it is expressed on a wide

variety of tumour types means that any MUC-1 based vaccine approach which proves

to be successful and clinically useful would have wide applicability.

1.6.6 MUC-1 as a tumour vaccine

Activation of lymphocytes and the induction of an immune response requires at least

two signals; one via the T cell receptor (TCR) and a second co-stimulatory one via

cell surface proteins CD28 and CTLA-4. The ligands for these co-stimulatory

receptors (CD80 and CD86) are expressed on activated dendritic cells (DC),

macrophages and B cells. Therefore MUC-1 presented by antigen presenting cells

such as DC would engage the TCR and provide appropriate co-stimulation to activate

lymphocytes. DC are the only antigen presenting cells capable of inducing a primary

T cell response and can be isolated from CD34 positive haematopoietic stem cells or

plastic adherent monocytes using cytokines GM-CSF and IL4 (43; 259; 271; 276). A

long mucin peptide (produced synthetically) given as a vaccine with an adjuvant

capable of attracting T cells might be an alternative method for direct stimulation of

cytotoxic T lymphocytes.

1.6.7 MUC-1 as a tumour marker

The CA27.29 antigen (MUC-1 gene product) has been suggested by some to be more

sensitive and specific than CEA for metastatic breast cancer detection and

67



monitoring, but appears to be similar to CA15-3 (136). The serum level has been

described to define poor prognosis (CA27.29 high secretors) versus good prognosis

(CA27.29 low secretors) patients (181). Early breast cancer (stage I and II) patients

with a natural humoral response to MUC-1 (IgG or IgM as detected by ELISA) have

been shown to have a higher probability of freedom from late distant failure and a

better disease specific survival than those without (334). This is postulated to be due

to MUC-1 antibodies aiding in control of haematogenous MUC-1 expressing

metastatic spread, and suggesting a role for MUC-1 derived vaccines in the adjuvant

setting of breast cancer therapy.
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1.7. CLINICAL TRIALS OF DENDRITIC CELL THERAPY.

Since 1996 (137) and 1998 (219) when the first clinical trials of dendritic cell therapy

for patients with malignant disease were published there has been a dramatic increase

in the number of trials published. There are now results from over 20 phase 1 and

phase 2 clinical trials in the published literature, not including those published only in

abstract form. All of these trials, apart from two which involved normal volunteers

(61; 64), have been undertaken in patients with advanced cancer.

The underlying principle in these early clinical trials, and in Phase 1 trials in general,

was to show that the generation and re-administration of autologous dendritic cells

from patients with cancer was safe, feasible and tolerable. DC can be generated in

vitro from a variety of precursor populations, which include adherent monocytes or

CD34 positive stem cells. Once generated DC are then provided with antigen, thus

potentially allowing them, when re-administered to induce a specific immune

response against the cancer involved. At every point along this process there have

been variations in the methodology; be it the starting cell population, culture

conditions for the DC, characteristics of the DC generated, agents used to pulse them,

or the route of administration. This was before any consideration of the way in which

any responses generated were detected. All of this means that other than determining

safety it is difficult to know if an optimised method has been established by any of

the work which has so far been undertaken. In this chapter I will try to describe in a

systematic way the variations that exist, along with any theoretical reasons why any

particular variation might prove to be better than any other.
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1.7.1 Normal Volunteers

A number of trials involving normal volunteers have been published. Two phase one

clinical trials involving normal volunteers have been published (61; 64). These have

demonstrated priming of CD4 T cells and increases in peptide specific gamma

interferon secreting CD8 T cells within 7 days after the return of DC, which peaked at

30-90 days after the vaccination and declined thereafter (63). The second trial (60)

showed that booster injections given some time after primary immunization resulted

in a memory response, but the third (62)raised concern that repeated injections might

be detrimental resulting in activation induced cell death.

1.7.2 Dendritic Cell/Tumour Fusions

In a trial where allogeneic DC from HLA mismatched donors were fused with

autologous tumour prior to sub-cutaneous readministratioon in patients with

metastatic renal cell cancer 6 of 17 patients were reported to have had a complete or

partial response and 11 of 17 had an increase in DTH responses following

treatment(158). The theoretical advantages of this approach are that a variety of

antigens are presented and there is no need for HLA matching.

1.7.3 DC pulsed with autologous tumour lysates

A number of authors have used autologous tumour lysates to pulse DC (see table 11).

Some have demonstrated both clinical and immunological responses (133; 218; 252).

The major advantage of this approach is that it is not necessary to define specific

tumour antigens.
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Intra tumoural injection of unpulsed DC (323) has been tried. DC were found in

excised tumour up to 6 weeks later, but there was no evidence of a systemic effect.

Although intra tumoural injection might not seem like the ideal approach for all

patients it would be applicable to patients with small volume subcutaneous disease

should it prove to be beneficial. The obvious advantages of this approach are that the

identification of defined tumour antigens is unnecessary when the tumour is injected

directly with the DC and there are also an increased spectrum of potential antigens

available for presentation by the DC rather than one or two which have been

previously defined.

1.7.4 Idiotype protein

The first DC trial published used idiotype protein to pulse DC in patients with non

Hodgkins Lymphoma(137). In addition to DC, booster infusions of idiotype protein

were given 2 weeks after the DC vaccination. All four patients had evidence of

increased proliferation to idiotype and here was one complete response, on minor

response and one patient with stable disease. Patients with multiple myeloma have

been involved in similar studies (166; 247; 315; 337). In these trials there was

evidence of both immunological and clinical responses, even in patients who had

previously undergone a stem cell transplant (168).

1.7.5 DC pulsed with fusion proteins

Small and colleagues (295) performed a phase I/II trial in patients with advanced

carcinoma of the prostate where DC pulsed with a fusion protein consisting of full

length human prostatic acid phosphatase and full length human GM-CSF were
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administered intravenously at weeks 0, 4, 8 and 24. Grade 3 fever was reported post

administration in two patients. All patients showed evidence of an increase in T cell

proliferation post therapy, and in two patients tested there was an n increase in the

number of gamma interferon producing cells by ELI SPOT. Reduction in PSA was

seen and time to progression was increased in those patients in whom a PSA response

was noted.

Similar methodology was employed by Burch and colleagues (39) who used the same

antigen, but the DC injection was followed by monthly antigen boost injections. 9 of

13 patients were evaluated for T cell responses and all had increased responses

following DC therapy, but the antigen boost added little.

1.7.6 DC pulsed with tumour associated peptides

A variety of tumour associated antigens have been defined for malignant melanoma

and this has lead to a number of trials of peptide pulsed DC in patients with

melanoma (203), (313), (286), (178), (20), (231). (See table 13 for more detail on

pulsing agents). All have used slightly different methods to prepare DC, and have

pulsed with varied combinations (or single use) of the following peptides; MAGE-1,

MAGE-3, Melan A, gplOO, tyrosinase and MART-1. Some have also added recall

antigens such as Flu matrix protein or KLH. In the majority of these studies patient

entry has been restricted to those patients with HLA types known to recognise the

peptide under investigation. DC have been given in varied schedules, by a variety of

routes up to a maximum dose of 6 xlO8 cells. Most have seen some evidence of

immune stimulation; increase in CTL's (203), (231), increased proliferation to recall
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antigens (286), (313), increase in gamma interferon producing cells by ELISPOT

(286), (321), (20), development of a positive DTH response (20), (178), an increase in

the detection of specific tetramers (178), an increase in the levels of intracellular

cytokines (321), and the development of vitiligo has been commented on as evidence

of increased immunity (20), (178). There have been clinical responses reported

(178), (20), (313), and in one trial immunological and clinical responses were said to

be correlated (20).

Patients with other malignancies have been the subject of peptide pulsed DC trials;

gastrointestinal/breast/lung (196), breast/ovary (35), bladder(222), gastrointestinal

(262), CNS (345) and prostate (206), (264), (266), (317), (208), (210), (212), (293).

The peptides used varied according to the tumour type, but included CAP-1, MUC-1,

Her 2, MAGE and PSM PI and P2. Again injection schedule and route were varied,

and the maximum dose of DC in a single injection was 1x10s (196), (222). Toxicity

appears to have been minimal in the majority of these studies. Some of the trials

make no mention of any attempt to detect immunological responses (222). Others

report the usual variety of methods used with some evidence of increases in

intracellular gamma interferon and other cytokines (315), (262), development of

positive CTL's (315), (262), (345), T cell proliferation (206), DTH's (262), (171).

Clinical responses were noted in some (35), (315), (262), (222), (208), (210), and in

one trial may not have been directly attributable to the DC therapy (35), the patient

with breast cancer who had a reduction in the bulk of soft tissue disease had also

undergone an oopherectomy, which is a recognised form of treatment for endocrine

sensitive breast cancer.
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Patients without cancer have also been involved in trials of DC therapy. In 1998 a

trial involving 6 asymptomatic patients with HIV was published (159), the hypothesis

being that DC capable of inducing virus specific CTL might be a potentially useful

therapeutic option. DC were generated from HLA matched sibling donors and the

HIV peptides used to pulse the cells were HLA A2.1 restricted. One patient had an

increase in CTL to one of the peptides used and 2 had evidence of increased

proliferation to peptide. There were some changes in levels of HIV RNA in patients,

but these were thought to reflect changes in antiretroviral therapy of intercurrent

infections rather than be attributable to DC therapy.

An altered peptide ligand was used by Fong and colleagues to pulse DC (90). An

epitope of the CEA peptide was identified where substitution with an amino acid led

to altered peptide ligand which had increased potency to induce CTL against CEA.

Patients with metastatic colorectal cancer or non small cell lung cancer in this trial

also received treatment with Flt-3 ligand to increase precursors in vivo from which to

generate DC. The maximum number of cell given in a single injection was 1010 and

treatment was given intravenously. Toxicity consisted of fever, diarrhoea (self

limiting). Two complete responses were seen, one mixed response and two patients

had stable disease. Seven of twelve patients showed evidence of an increase in

CTL's and five of twelve increases in peptide specific tetramers. All patients with

progressive disease had no evidence of either, suggesting some correlation between

immune and clinical responses. Two responders were anergic to skin testing prior
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and one was lymphopenic, suggesting that high levels of immune competence are not

necessary for development of an immune response.

1.7.7 Variations between trials.

There are many variables in the trials of DC therapy that have been published to date,

summarised in table 10.

Variables in clinical trials
Table 10

Variable Methods used in Trials
Source of DC Bone marrow, peripheral blood, CD 14

positive cells, CD34 positive cells,
adherent leucocytes (autologous,
allogenic)

Maturation status Immature, mature
Ex vivo maturation signals CD40 ligand, TNF alpha, MCM,

Interferon gamma, prostaglandin E2,
Heparan sulphate, calcium ionophores

No. of DC per dose lxlO6 - 1010
No. of infusions Varied
Route of administration Intravenous, subcutaneous, intradermal,

intralymphatic, intratumoral
Frequency of vaccination Weekly, bi weekly, monthly
Source of antigen known Antigenic peptides, native proteins,

modified proteins, DNA, RNA
Source of antigen unknown Tumour cell lysate, tumour cells fused to

DC, apoptotic bodies, RNA, endogenous
mutant proteins

Adapted from (66)

a) Culture process

The main populations used are CD34+ stem cells or CD 14+ peripheral blood

monocytes. DC generated from both of these sources are immunocompetent and can

take up exogenously presented antigen, process it and then present it to cytotoxic T-

cells (110; 117). Within the context of the clinical trials which have so far been
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reported in the literature there is variation in choice of starting point for the

generation of autologous DC (table 11).

DC generation methods, categorized by type of agent used to pulse cells
Table 11
First Author

(ref)
Collection Adh Mo or

CD34+
Cytokines Length of

Culture
Matu rational

agents
Normal Volunteers

Dhodapkar
(64)

whole blood Adh Mo GMCSF, 1L4 7d MCM

Dhodapkar
(61)

Whole blood Adh Mo GMCSF, IL4 7d MCM

Idiotype protein
Lim

(167)
leucapheresis Adh Mo GMCSF, IL4 7d No

Reichardt

(248)
leucapheresis Mo depleted Nil 36-48h No

Titzer

(316)
leucapheresis CD34+ GMCSF,

TNFalpha
10-12d TNF alpha

Wen

(338)
leucapheresis Adh Mo GMCSF, 1L4 7d No

Hsu

(138)
leucapheresis Mo depleted Nil 24h No

Liso (169) leucapheresis Density
separation

Nil 40h no

Protein

Small

(294)
leucapheresis Mo depleted Nil 40h No

Burch (39) leucapheresis Density
separation

None (recomb
peptide cont
GM-CSF)

40h no

Peptide
Lotze

(172)
whole blood peripheral

blood DC
GMCSF, 1L4 5-7d no

Thurner

(314)
leucapheresis Adh Mo GMCSF, IL4 6d TNF alpha

Mukherji
(204)

whole blood Adh Mo GMCSF continuous
culture

no

Schuler-
Thurner (209)

leucapheresis Adh Mo GMCSF, IL4 6d MCM

Mackensen

(179)
leucapheresis CD34+ GMCSF, 1L4 21 d TNF alpha

Brossart

(36)
whole blood Adh Mo GMCSF, IL4,

TNF alpha
7d TNF alpha

Morse

(197)
leucapheresis Adh Mo GMCSF, IL4 7d No

Murphy
G(207)

whole blood Adh Mo GMCSF, IL4 4-6d No

Murphy G
(209)

leucapheresis Adh Mo GMCSF, 1L4 7d No

Murphy G
(211)

leucapheresis Adh Mo GMCSF, IL4 7d No

Simmons S J leucapheresis Adh Mo GMCSF, IL4 7d No
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(294)
Murphy G
(213)

leucapheresis Adh Mo GMCSF, IL4 7d No

Panelli (232) leucapheresis Adh Mo GMCSF, IL4 5-7d no

Banchereau

(21)
Leucapheresis

(GMCSF
prior)

CD34+HPC GMCSF, Flt-3 8d TNF alpha

Nishiyama
(223)

leucapheresis Adh Mo GMCSF, 1L4 7d no

Sadanaga
(263)

leucapheresis Adh Mo GMCSF, IL4 7d no

Yu (346) Whole blood Adh Mo GMCSF, 1L4 7d no

Lau (164) leucapheresis Adh Mo GMCSF, IL4 9d no

Toungouz
(322)

leucapheresis Adh Mo GMCSF, 1L4 7d no

Fong (91) Leucapheresis
(Flt-3 prior)

Density
separation

none 24h Flt-3 prior

Kundu (160) Leucapheresis
(allogeneic)

Density
separation

none 24h no

Tumour Lysate
Mule

(205)
leucapheresis Adh Mo GMCSF, IL4 not given No

Holtl

(134)
whole blood Adh Mo GMCSF, 1L4 5d TNF alpha,

PGE2

Reiser

(253)
whole blood Adh Mo GMCSF, IL4 5d TNF alpha,

PGE2

Nestle

(220)
whole blood Adh Mo GMCSF, IL4 7d No

Triozzi (324) Whole blood

(GM CSF
prior)

Purified Mo GMCSF, IL4 8d No

Fusion Product

Kugler
(158)

leucapheresis Adh Mo GMCSF, IL4 7d TNF

Some use plastic adherent peripheral blood mononuclear cells as a source of CD 14+

cells (36; 134; 158; 167; 197; 204; 205; 209; 209; 211; 213; 220; 265; 267; 294; 314;

338), (61), (223; 232), (164; 263; 322; 346). Others used CD34+ selection (316) and

in the case of Mackensen et al (179) and Banchereau (21) this was performed on a

leucapheresis product obtained following G-CSF mobilisation. Even within those

trials which could be considered as having the same starting point (i.e. plastic

adherent monocytes) there is variation in the way in which cells are obtained for

adherence. Some patients donated whole blood (36; 61; 134; 204; 220; 267; 346),

whilst others underwent leucapheresis (158; 197; 205; 209; 211; 213; 294; 314) (164;



223; 232; 263; 322). The way in which cells were re-suspended for adherence varied

in terms of the media used, type and quantity of the serum added and the length of

time for plastic adherence, this varied from as little as 45 minutes (134) to a

maximum reported of 4 hours (158). The great majority of trials employing this

method used 1 or 2 hours of plastic adherence.

One of the most recently published trials (294), although starting with a leucapheresis

product, did not use CD34 selection or plastic adherence for monocytes- instead

culturing a "DC precursor" population present within the cell pellet formed after two

density gradient centrifugation steps. This group then went on to culture the cells in

AIM V medium, with no exogenous cytokines, instead in the presence of the target

antigen, consisting of a fusion protein containing full length GMCSF protein,

throughout the whole of the 40 hour culture period. This is similar to the method

used by Reichardt et al (248) and Hsu et al (138), Liso et al (169), Burch et al (39),

Fong et al (91) and Kundu et al (160), none of whom employed any exogenous

cytokines in the culture process. See table 11 for more detail.

More recently patients have been pre treated with cytokines prior to harvest of cell

starting product. GM CSF was used by Mackensen (179), Banchereau (21) and

Triozzi (324). Flt-3 ligand is thought to expand DC precursors in vivo and was used

by Fong (91) prior to leucapheresis.

The majority of groups have chosen not to add maturational agents to the culture

process, but some have and these are again varied. Dhodapkar (61; 64) and Schuler-



Turner (209) used MCM. TNF alpha was used by Titzer (316), Thurner (314),

Brossart (36), Banchereau (21) and Kugler (158) whilst Holtl (134) and Reiser (253)

used a combination of TNF alpha and PGE2.

b) DC phenotype

With so much variation in the culture process it would seem imperative to

characterise the phenotype of the cells generated, thus allowing future comparison

between trials. Although many of the early trials published were phase 1 trials

designed to show safety, larger phase 2 trials are now being performed, the aim of

which is to show efficacy of the treatment used. With this aim it is necessary to know

exactly what is being re-administered to patients otherwise we cannot be sure that

treating future patients will have the same benefit as that seen in the clinical trials

unless the product given is standardised. In considering the trials which have reached

publication it is disappointing to note that around one third have not provided a

phenotype for the cells re-administered. Unfortunately even the terms used are

disparate and include, low, high, positive, negative, up regulation and bright. This

again makes direct comparison between methods difficult. Despite this, the majority

appear to have given a similar population of cells, following culture, that were CD 14

low, and showed up regulation of MHC class II and also of co-stimulatory molecules

CD80 and CD86 (table 12).
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Markers expressed by DC given within clinical trials
Categorised by type of agent used to pulse cells

Table 12
First Author CD CD CD HLA CD CD CD CD CD CD CD

(ref ercnce) la 14 3 DR 80 83 86 40 11c 25 54

Normal Volunteers

Dhodapkar(64) lo hi hi hi

Dhodapkar(61)
Idiotype protein
Lim(167) pos pos pos pos pos

Reichardt(248) hi

Titzer(316) hi lo hi hi hi

Wen(338) pos neg neg pos pos pos pos

Hsu(138)
Liso (169) pos pos

Protein

Small(294) hi hi hi hi

Burch (39) Bright

Peptide

Lotze(172) neg hi hi hi

Thurner(314) neg hi hi hi hi

Mukherji(204
)

hi pos pos pos

Schuler-

Thurner(209)
neg hi hi lo lo

Mackensen(l
79)

lo hi hi

Brossart(36) hi hi hi hi

Morse(197) lo hi hi

Murphy
G(207)

lo hi hi

Murphy
G(209)
Murphy
G(211)
Simmons

(294)
Murphy
G(213)
Panelli (232) hi hi hi hi hi

Banchereau

(21)
pos pos lo lo

Nishiyama
(223)

lo lo hi hi hi

Sadanaga
(263)

lo hi hi hi

Yu (346) neg pos pos
Lau (164) lo mod mod
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Toungouz
(322)

hi lo hi mod lo mod hi hi

Fong (91) Up
reg

Up
reg

Up
reg

Up
reg

Kundu (160)

Tumour Lysate

Mule(205)
Holtl(l 34) hi hi hi

Reiser(253) hi hi

Nestle(220) hi hi hi
Triozzi (324) lo lo hi hi lo mod hi
Fusion Product

Kugler(158) pos neg hi pos hi

Where there is no entry in the table, this information was not included in the
published material cited.

c) Agents used to pulse DC

There is enormous variation in the methods used by the various investigators to pulse

DC and provide them with antigen. It remains to be seen which of these is optimal,

and it may well depend on the type of agent that they are trying to introduce. For

example whether it is class I or class II restricted, and how it is processed by the DC.

See table 13.
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Agents used to pulse DC within clinical trials
Table 13

Trial (ref) Pulsing Agent Length of Peptide (amino
acids)

Protein

Small(295) Fusion protein of full length human PAP
and full length GMCSF

N/A

Burch (39) PAP/GMSCF recombinant fusion

protein

Idiotype protein
Lim(167) Idiotype protein from serum isolated by

chromatography (IgG myeloma)
N/A

Reichardt(248) Idiotype protein from serum isolated by
chromatography (myeloma)

N/A

Titzer(316) Idiotype IgG from autologous serum and
urine (myeloma)

N/A

Wen(338) Idiotype protein from serum isolated by
chromatography (myeloma)

N/A

Hsu(138) Idiotype protein from tumour biopsy
(NHL)

N/A

Liso (169) Idiotype protein from serum (myeloma) N/A

Peptide

Lotze(172) Mart 1/Melan A, gplOO, Tyrosinase (HLA-A2 restricted)
Thurner(314) Mage-3A1, Tuberculin (recall Ag) 9 (HLA-A1 restricted)
Mukherji(204) Mage-1 9

Schuler-Thurner(209) Mage-3A1, Influenza matrix A2.1,
Tetanus toxoid (50% of pts only)

9(HLA-A1 restricted)

Mackensen( 179) Melan A, gplOO, Tyrosinase or
Mage-1, Mage-3

9 (HLA-A1 or HLA-A2)

Brossart(36) MUC-1 of Her2 neu 9 (HLA-A2)
Morse(197) CAP-1 (fragment of CEA) 9 (HLA-A2 restricted)
Murphy G(207) PSM-P1 or PSM-P2 9 (HLA-A2 restricted)
Murphy G(209) PSM-P1 or PSM-P2 9 (HLA-A2 restricted)
Murphy G(211) PSM-P1 or PSM-P2 9 (HLA-A2 restricted)
Simmons (294) PSM-P1 or PSM-P2 9 (HLA-A2 restricted)
Murphy G(213) PSM-P1 or PSM-P2, (KLH) 9 (HLA-A2 restricted)
Nestle(220) Magel, Mage3 or Melan/Mart-1, gplOO,

Tyrosinase
HLA-A1 or HLA-A2

respectively
Panelli (232) Mart-1, G9-209-2M 9 HLA A0201 restricted

Banchereau (21) KLH, Melan A/Mart-1, gplOO,
tyrosinase, Mage-3

9 HLA A0201 restricted

Nishiyama (223) Mage-3 9 HLA A24 restricted

Sadanaga(263) Mage-3 9 HLA A0201 restricted and
HLA A24 restricted

Yu (346) Mage-1, gp 100, TRP-2 Class I restricted
Lau (164) Mart-1, gplOO, tyrosinase Class I restricted

Toungouz (322) Mage Class I restricted

Fong (91) CEA APL, Tyrosinase, CMV, pp65, HLA A0201 restricted
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610D

Kundu(160) Env 1. Env 2, Gag 1, Poll, Pol2, Pol3 HLA A0201 restricted

Tumour Lysate

Mule(205) Autologous tumour lysate (mixed
tumour types)

N/A

Holtl( 134) Lysate from tumour and apparently
healthy tissue from nephrectomy
specimen

N/A

Reiser(253) Autologous tumour lysate from
nephrectomy and KLH

N/A

Nestle(220) Autologous tumour lysate for those who
were neither HLA A1 or A2 positive

N/A

Triozzi (324) No peptide, but DC injected directly into
tumour

N/A

Fusion product

Kugler(158) Autologous tumour (renal cancer) cells
electrofused with DC

N/A

The majority of the published trials described here which have used peptides to pulse

the DC have been HLA restricted, meaning that many patients are being excluded

from these trials, and not giving information as to how the entire population of

patients with a particular primary tumour treated in this way are affected; clinically

and immunologically.

d) Toxicity

The majority of trials have reported minimal (if any) toxicity attributable to DC based

therapy. Mackensen and colleagues (177) have reported the development of

anaphylaxis in one patient following immunization with peptide pulsed dendritic cells

cultured in cytokines and 10% FCS (foetal calf serum). This was associated with the

presence of IgE antibodies to BSA (bovine serum albumin), which were found to be

absent in all other patients. On the basis of this it would seem prudent to use

autologous serum or serum free media for dendritic cell culture in order to prevent the
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development of potentially lethal reactions. Additionally the use of bovine derived

products should be avoided due to the increasing prevalence and risks of BSE.
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1.8 MONITORING OF THE IMMUNE RESPONSE

Traditionally clinical testing of new therapeutic agents in patients with cancer begins

with phase I trials designed to determine the toxicity profile of the agent and to

determine the recommended dose for further phase 2 studies. Disease specific phase

2 studies are then performed to determine response rates in a highly selected group of

patients. The reasons why some patients respond to a new therapy and others do not

is often not explored, so it is often not known if a biologically active dose has been

achieved. It is often also assumed that the maximum tolerated dose (according to a

pre-determined acceptable level of toxicity) is also the biologically active dose, which

may not be the case. Many of the newer agents that are undergoing clinical trials are

not pharmacological agents, but are biologically based therapies, for which the classic

toxicity profiles are not so applicable. For these reasons there is growing interest in

determining intermediate end points which show if biologically active doses of agents

have been achieved or not. Assessment of anti-tumour immunity is therefore an

important part of any clinical trial as it begins to allow us to understand mechanisms

which underlie clinical efficacy versus lack of response. The success or failure of any

vaccine-based approach to cancer treatment will rely on clinical responses, toxicity

and evidence that anti-tumour immunity has been generated.

The table which follows details the "traditional "methods which have been used for in

vitro analysis of immune function.
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Advantages and disadvantages of traditional methods used to monitor the
immune response

Table 14

T cell assay Advantages Disadvantages

Limiting dilution assay Measures function and Requires in vitro
(LDA) (Chromium release) frequency expansion
Proliferation Measures function Low sensitivity
Cytokine production Measures range of Low sensitivity

functions

Cytolysis Measures function Low sensitivity
Delayed type Easy to perform clinically Quantitative, sub-optimal
hypersensitivity for class I epitopes

From (100)

LDA, proliferation, cytokine production and cytolysis can all be performed on patient

derived PBMC. Additionally it is also possible to measure the number and

percentage of various sub-populations of circulating lymphocytes by flow cytometry

(such as activated CD8 T cells).

Standard methods for assessing a cellular response include chromium release assay

(which measures target specific cytotoxicity), autologous T cell proliferation assays,

and measurement of circulating activated CD8's by flow cytometry. Delayed type

hypersensitivity testing is also used by some groups.

1.8.1 Chromium release assay for cytotoxicity

This assay has been used as it is hoped that the lytic destruction of cancer cells by CD

8 T cells in vitro mirrors the in vivo situation in terms of reduction or elimination of

the tumour. CD 8 T cells have a cytotoxic effector function which is mediated by the

release of perforin and granzymes which are stored in the granules of a CTL. The



process can occur rapidly after recognition of a single peptide class I HLA molecule

on a target cell (29).

In this assay a chromium 51 labelled target cell that is susceptible to CTL mediated

lysis is plated out. To obtain significant lysis it is necessary to have a ratio of targets

to effectors of at least 1:5. The maximum target to effector ratio that can be used is

about 1:100 before there is a risk of high non-specific lysis. By comparing the

fractions of cultures giving rise to lytic activity at each dilution, a frequency of

antigen specific cells is obtained. The frequency of CTL precursors in cancer patients

is only about 1 in 100 to 1 in 200 CD8+ T cells, which in themselves represent only

10-20% of the PBMC's, so it is often too low to be within the limits of detection of

the assay. One way to circumvent this is to stimulate the PBMC in bulk cultures with

the antigen 2 to 3 times to expand the specific CTL precursors to amounts that are

detectable in the chromium release assay. Unfortunately this only gives a qualitative

indication of the presence of specific CTL's, and involves the use of a radio-isotope,

something which many groups are trying to get away from. Other problems with

CTL assays include the requirement for a large number of PBMC, and low signal to

noise ratio (spontaneous chromium release is 20-40% and actual detected in the assay

is usually of the order of 40-60%). Additionally for non haematological tumours

there is some debate as to whether CTL are actually present in the peripheral blood.

87



1.8.2 Proliferation assays

The ability of T cells to proliferate in response to antigen is thought to indicate the

presence of antigen-specific CD4+ T cells. A specimen of T cells is mixed with

antigen (plus or minus stimulator cells). After 72-120 hours of culture DNA

synthesis, measured by incorporation of tritiated thymidine, is used to show the

amount of proliferation. A stimulation index can then be calculated by dividing the

number of counts per minute for the specimen by the number of counts per minute in

cells incubated without antigen as the control. The assay can then be repeated before

and after immunisation. One of the major advantages of this technique is that it can

be performed directly on peripheral blood samples. There are however disadvantages

which include the fact that activity does not have direct relevance to the mechanism

of tumour rejection occurring in vivo. There are no studies yet where it is correlated

with clinical outcome. It can be influenced by the non specific immune function of

the patients and the stimulation index does not necessarily correlate with the number

of antigen specific T cells present in vivo. A high level of proliferation by a few cells

could give a similar result as low level of proliferation by many cells. A recent

development which may improve this technique is one whereby the distribution of

cell membrane dyes into daughter cells produced during proliferation permits the

number of antigen responsive cells in a stimulation assay to be determined by flow

cytometry (111).

1.8.3 Cytokine production

Immune responses are largely regulated by the secretion of protein hormones known

as cytokines. They are produced by activated lymphocytes and direct the immune
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response in particular ways. The measurement of specific cytokines such as IL12

gives an indication of the class of immune response that has been generated. By

using antibodies adhered to micro-well plates it is possible to detect the total amount

of cytokine in a culture supernatant or a serum sample. This technique is known as

enzyme linked immunosorbent assay (ELISA). One of the disadvantages of ELISA is

that it does not give information about individual cells and cannot be used to

enumerate antigen specific T cells.

1.8.4 Delayed type hypersensitivity testing (DTH)

This in vivo assay is designed to assess T cell mediated immunity when the antigen is

given in the form of a protein. The soluble protein antigen is administered by

intradermal injection. Within 4 hours of the injection neutrophil accumulation occurs

at the site of the injection. This subsides and is replaced with an accumulation of T

cells and monocytes. This in association with fibrin deposition results in induration

which is measured usually 24 to 48 hours after injection. An absent or diminished

reactivity to recall antigens (for example tetanus toxoid) is said to be indicative of

abnormal T cell function (268). In humans these responses are principally due to

CD4+ T cells whose activation requires that antigen be processed and presented by

class II expressing antigen presenting cells (55). There is now evidence to suggest

that in murine models at least the use of class I binding peptides for a skin test

induces a response which is mediated by CD8+ cells (241). This may be of more

relevance in the field of tumour immunotherapy. Administration of purified protein

derivative (PPD), isolated from Mycobacterium tuberculosis, has also been used for

this. In a study of stage III melanoma patients receiving a polyvalent allogeneic
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mixed cell vaccine a significant enhancement of DTH response was observed post

versus pre vaccination, with maximum achieved after 4-8 weeks of therapy (25). The

substances used for DTH testing vary between trials and include recall antigens such

as tetanus toxoid and PPD, or the agent used for the vaccination schedule ranging

from isolated peptide to irradiated autologous tumour cells

1.8.5 Measurement of circulating antibody titre

Although cellular immunity is thought to be the predominant mechanism involved in

anti-tumour immunity, humoral factors such as antibody secretion also play a role. In

one study of melanoma patients receiving an allogeneic polyvalent cell vaccine the

vaccine generated greatly elevated titres of IgG and IgM recognising a glycoprotein

melanoma associated antigen. The highest rate of mortality was seen in those patients

whose serum contained elevated IgG titres and low IgM titres. The opposite

configuration of levels had the strongest association with overall survival (147).

1.8.6 Summary of "Traditional Methods"

None of these methods are ideal. For instance the chromium release assay involves

the use Cr51, a radio-active isotope, which has implications for safety of personnel.

Also, peripheral blood contains a low frequency of antigen specific T cells, so several

rounds of in vitro stimulation are often required before a positive result can be

obtained. The obvious drawback to this is that it is difficult to be certain that the

population of cells used to elicit the positive response is, after several weeks in

culture, representative of CTL frequencies in the peripheral blood of the patient.

Other important considerations for peripheral blood sampling include the timing of



collection of samples in relation to the immunization and whether to perform the

analysis of fresh, or on cryopreserved cells. Many newer methods are undergoing

assessment currently, and will be detailed further in the next sections.

1.8.7 ELISPOT

This assay is designed to detect, by colorimetric analysis, the release of cytokines

from antigen specific T cells. It is usually designed to detect IFN y release from

activated T cells, and gives a quantitative assessment of the frequency of these

antigen specific T cells. It can also be used to detect TNF a, as well as

interleukins(127). It was originally developed to estimate the frequencies of anti-viral

effector cells (127), and was first described in 1983 (289), who used it as an

alternative to a haemolytic plaque forming assay. Cells plated in nitrocellulose-lined

wells of microtitre plates that have been pre-coated with cytokine-specific antibodies

are stimulated with antigens or peptides to trigger secretion of cytokines. An

alkaline-phosphatase or horseradish peroxidase labelled anti cytokine detection

antibody is used to detect the released cytokines as a series of spots, each of which

corresponds to a single cytokine producing cell. Manual enumeration of spots can be

laborious and so computer assisted automated systems have been developed (126).

There are many variables that can affect the reproducibility of this assay, and these

include the level of IFN y produced by the individual cells as well as interactions

amongst the plated cells and the presence or absence of exogenous cytokines. This is

before any consideration of antigen concentrations, stimulator to responder ratios or

the presence or absence of human serum. One group have shown that the pairs of

antibodies used influences the number of background spots obtained (283).



1.8.8 PCR based methods

It is possible to use clonotypic TCR-specific primers to assess the presence of antigen

specific T cells amongst complex lymphocyte populations using reverse transcriptase

PCR based techniques. For this technique to be practical and applicable the TCR

repertoires or antigens must be uniformly restricted, which is not the case. It looks

unlikely that this will be a useful method for monitoring of large numbers of patients

involved in immunotherapy protocols.

1.8.9 Intra cellular cytokines

One of the problems with using ELISA to measure cytokines in cultures is that the

relative contribution of each cell to the overall cytokine production is not determined.

The use of cell permeabilisation and staining these permeabilised cells with

fluorochrome conjugated anti-cytokine antibodies allows the detection of individual

cytokine producing cells (240). In addition to being used to detect cells which

contain IFN y it is possible to perform dual staining to determine the T cell subset that

is responding. Peripheral blood mononuclear cells are stained with fluorescence

conjugated cell surface markers (for example CD8 and CD45 Ro, which allows

identification of activated CD8's). They are then permeabilised and a second

fluorescent antibody is added which binds to IFN y. Using three colour analysis it is

then possible to determine the percentage of activated CD8's which contain IFNy, and

are therefore involved in the generation of a TH1 type response.
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The assessment of intracellular cytokines has begun in some clinical trials of

immunotherapy. In one where patients with adenocarcinoma received intramuscular

injections of mannan MUC-1 fusion protein it was possible to detect activated CD8 T

cells that produced both TNF a and IFN y (151) in the peripheral blood.

Unfortunately the assay had to be performed on fresh cells since the cytokines did not

survive freezing and thawing. The use of this assay on small volumes of blood has

been established (42) and may have a potential role in the monitoring of patients on

immunotherapy protocols.

1.8.10 Tumour biopsy

The theory behind this is that it gives a direct reflection of the anti-tumour immune

response generated. In a trial of GM-CSF as melanoma immunotherapy a number of

biopsies were taken form patients and examined immuno-histochemically. Clinical

response was associated with tumour infiltration by CD4+ and CD8+ T cells,

macrophages and differentiated dendritic cells and with expression of HLA DR by the

tumour cells. Conversely a lack of clinical response was associated with a lack of T

cell and DC infiltration into the tumour tissue (348). Whilst this is encouraging

information about the cells involved in generating a beneficial response its use in

routine monitoring of patients on immunotherapy protocols is not really practical.

1.8.11 Tetramers (specific peptide-MHC multimers)

In the monitoring of patients with HIV these assays have proved to be very sensitive

in the detection of antigen specific T cells. For this a MHC-peptide tetramer is

constructed around a streptavidin molecule. This then provides binding sites for the
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T cell receptor and due to fluorescence labeling, antigen specific T cells can be

detected by flow cytometry. The significant limitation of this at present is that a

tetramer must be constructed for each antigen of interest, and currently this technique

is MHC class I restricted. The main advantage of this technique is that as well as

assessing the frequency of specific cells analysis of other surface markers can be

performed.

1.8.12 Summary of methods to monitor the immune response

There are clearly a number of methods which are available, some of which have been

well established in the field of immunology for many years and others which are

newer. There are clearly advantages and disadvantages to all of these methods and to

date no one ideal test has been identified. The on going clinical studies of DC

therapy use a variety of methods and we are now beginning to see trials where

immunological responses are correlated with clinical outcome (21).
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1.9 AIMS AND OBJECTIVES OF THE CURRENT STUDY

The aim of this study was to establish the feasibility and safety of ex vivo expanded

autologous dendritic cells from patients with recurrent breast carcinoma, loaded with

a purified preparation of the tumour antigen MUC- 1 and re-administered as adoptive

immunotherapy.

Objectives of the study were further defined as follows;

• establish optimal methodology for the generation of autologous DC by ex vivo

expansion from peripheral blood of patients with recurrent breast carcinoma.

• assess the feasibility of loading DC with exogenous peptide (MUC- 1) and

generating in vitro T cell responses to the neoantigen.

• examine acute tolerability and toxicity of autologous re-administration.

• examine whether an immune response to MUC- 1 develop.

• examine the effect on assessable tumour disease.

The primary endpoints of the study were the extent of DC expansion and toleration of

reinfusion. The secondary endpoints included measures of general immune function

and assessment of humoral and cellular immune responses to the MUC- 1 antigens

pre- and post infusion. Also, the effect on tumour markers including CEA, CA15.3

and sMUC-1 was assessed.
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Additionally further in vitro work was undertaken to allow refinement of the schedule

for future clinical studies, particularly in relation to the maturational state of DC,

optimum length of culture and effects of cryo-preservation on DC.
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CHAPTER 2 - Preclinical and DC evaluative work

2.1 PRECLINICAL WORK

Prior to the commencement of this clinical study, and before the author of this thesis

became involved, preclinical work in preparation for the study was carried out by Dr I

Downing and Dr J Campbell of the Academic Transfusion Medicine Unit at Glasgow

Royal Infirmary.

2.1.1 Dendritic cell culture

They established the method subsequently used for DC culture within this clinical

study, and their results are included in this thesis as appendix 10. This material was

included with the clinical protocol when it was submitted for approval by Lothian

Research Ethics Committee. It should be noted that none of this work was performed

by the author of the current thesis.

They established, using buffy coats produced in the course of volunteer blood

donation, that one buffy coat (from a 500ml blood donation) lead to the generation of

302xl06 (+/-43) CDla+ cells. They also stated that optimum conditions for

maximum CDla+ cell generation was for the culture to be performed in 1% AB

serum and that day 2 was optimal for the addition of antigen.

2.1.2 Induction of anti-MUC-1 T cell responses in healthy donors

This material is included in the current thesis as appendix 11, and was included with

the clinical protocol when it was submitted for approval by Lothian Research Ethics



Committee. It should be noted again that none of this work was performed by the

author of the current thesis.

DC generated from adherent PBMC were assessed for their ability to induce T cell

proliferation to MUC-1. It was shown that the best conditions for induction of MUC-

1 responses was to use day 3 DC generated in 1% AB serum, without the carrier

protein KLH being added.

The responses of donors to MUC-1 liposomes of two sizes were assessed. They

concluded that the large liposomal preparation of MUC-1 (diameter lOOOnm) was far

less efficient at inducing proliferation of T cells than the small liposomes (67nm

diameter). This work provided the basis upon which the MUC-1 pulsing for the

clinical trial was designed.

Subsequent to the design of the clinical protocol, the data on small versus large

liposomes as well as the results of further work were presented in abstract form at the

6th International Symposium on Dendritic Cells, held in May of 2000 (see

appendix 12d). This also stated that liposome encapsulated antigen was capable of

inducing some of the characteristics of maturity within DC, and lead to the generation

of MUC-1 specific T cell lines. The authors of the abstract concluded that liposomal

MUC-1 was sufficiently potent to prime DC without maturation agents but this is yet

to be published. Again the author of the thesis being presented here was not

responsible for any of this work.
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2.2 DC EVALUATIVE WORK

Whilst the clinical trial was ongoing further work looking at the effect of

cryopreservation on DC and the length of DC culture was undertaken, as was an

exploration of the effect of different DC maturational agents in preparation for

possible future clinical trials.

2.2.1 Effect of cryopreservation on DC

a) Method

DC were generated from three donors according to the protocol described in Chapter

3. Cells generated after 3-5 days culture were harvested. Cells were re-suspended at

10A per ml. 4 aliquots containing 200^1 of cells were stained with monoclonal

antibodies and analysed for expression of the cell surface markers CD 14, CD la, CD3,

CD80, CD83 and CD86 as described in Chapter 3 (3.4.10). The remainder of the

cells were cryo-preserved as described in Chapter 3 (3.4.5), and at a later date were

thawed and analysed for expression of the same cell surface markers, as described

above. 50% of the thawed cells were maintained in culture in complete RPMI, and

their expression of the same markers was assessed 1 day later.

a) Cell morphology

Cells which had undergone cryo-preservation had a different morphology when

viewed under a light microscope than cells which were viewed fresh at the end of 5

days culture.
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DC after 5 days culture, no cryopreservation.
Figure 4
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DC after 5 days culture, no cryopreservation. (x25)

Day 5 DC cryopreserved and thawed.

Day 5 DC cryopreserved and thawed (x25)
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Cells which had been cryopreserved were larger and had a different outline to cells

which were fresh. The cryopreserved ones had more pronounced dendrite like

processes. These changes however were more evident on light microscopy.
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b) FSC and SSC properties

Figure 6 shows the forward and side scatter of DC, both fresh and following

cryopreservation.

FSC and SSC characteristics of fresh and cryopreserved DC
Figure 6
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Fresh and cryopreserved DC. The FSC and SSC characteristics of the fresh and the
frozen cells are markedly different.

Forward scatter is a measure of cell size (FSC), and side scatter is a measure of the

cell's internal complexity (SSC). The cells which had been cryo-preserved were
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larger, had greater internal complexity than the fresh ones, and a more heterogenous

distribution.

c) Cell surface markers

Figure 7 shows the mean and standard deviations of three experiments. The

percentage of cells in the gate expressing the marker is shown on the y-axis.

Effect of cryopreservation on DC markers
Figure 7

Effect of cryopreservation on DC markers (n=3)

surface marker

Mean and standard deviation of 3 experiments.
* The percentage of recently thawed and thawed cells returned to culture

(thawed+1) expressing CD83 is significantly different (p=0.02, paired t test).
** The percentage of recently thawed and thawed cells returned to culture

(thawed+1) expressing CD86 is significantly different (p=0.008, paired t test).

Whilst it was clear that fresh and newly thawed cells were not equivalent in terms of

their expression of the markers tested, there was no statistically significant difference

between the fresh cells and the newly thawed cells in the expression of CD 14, CD la,

CD3, CD80, CD83 or CD86. However, when the newly thawed cells were compared

with the same cells having been maintained in culture for 24 hours (thawed +1) a

marked increase was seen in the percentage of cells expressing CD80, CD83 and

CD86, associated with a fall in the percentage of cells expressing the monocyte

marker CD 14. The difference in the percentage of cells expressing CD83 and CD86
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reached significance in a paired t test at p=0.02 and p=0.008 (2 tailed values)

respectively. The reduction in the percentage of cells expressing CD 14 and the

increase in the percentage of cells expressing CD83 in the thawed cells would be

consistent with the development of a more mature phenotype.

Figure 8 illustrates the expression of the markers CD 14, CD83 and CD86 in one

representative experiment, comparing recently thawed cells, and those which had

been thawed and returned to culture for 24 hours (thawed+1).
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Flow cytometric characteristics of recently thawed cells and those thawed and
then returned to culture for a further 24 hours.

Figure 8
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Thawed+1 cells (line) show reduced expression of CD 14 and increased expression of
CD83 and CD86, consistent with a more mature phenolype.
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3.2.2 Effect of length of culture period on DC

a) Method

DC were generated from PBMC isolated from 100ml blood donations from healthy

volunteers according to the method described in Chapter 3 (3.4.3). Briefly, PBMC

were re-suspended at 2xl06 per ml and separate cultures were established each using

20x106 PBMC. After 2 hours of plastic adherence, flasks were washed twice and DC

differentiation medium (see 3.4.4) was added to the flasks (5mls per flask), which

were then incubated at 37°C in 5% CO2. Each day a flask was harvested and the cells

were subject to staining with monoclonal antibodies and flow cytometric analysis as

described in section 14 of Chapter 3.

b) Appearance under the light microscope

Figure 9 shows the gross appearance of DC after culture of varying length.
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Effect of length of culture period on morphology of DC

Day 4 DC, xlO
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Figure 9c

Day 6 DC, xlO

Figure 9d

Day 7 DC, xlO
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Figure 9e
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Illustrating the changing morphology of DC cultured for different periods of time; 4,
5, 6, 7 and 10 days.

Over time it can be seen that cells become larger and there is an increase in the

number of cells with have dendritic processes protruding from them. (Figure 9 a to

e). Again these changes were more evident on light microscopy.
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c) Cell numbers

Figure 10 shows changes in the number of cells present after culture periods of

varying length.

Percentage of starting cells harvested after varying culture lengths
Figure 10

Percentage of starting cell number harvested
(n=3)
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days in culture

Mean of 3 experiments, cell number presented as a percentage of the starting cell
number.

There is a reduction in the number of cells harvested as time progresses, although the

numbers are small and there are no significant differences between different days.

d) FSC and SSC appearance

Figure 11 shows the FSC and SSC properties of cells which had been in culture for

increasing periods of time.
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FSC and SSC properties of DC which have been in culture for varying amounts
of time

Figure 11
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Over time the FSC and SSC both increase, indicating that cells are becoming larger

and showing a greater amount of internal complexity.

d) Expression of cell surface markers

Figure 12 represents the mean of three experiments performed on normal volunteers.

Each small graph shows the expression of one particular marker over the culture

period.
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Surface marker expression by DC after culture periods of varying length
Figure 12
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Each small panel shows the mean percentage of cells which were positive for each of
the DC surface markers over a culture period of up to 10 days.

The X-axis shows the time point and the Y-axis the % of all cells positive in Rl.

At the start of the culture period the expression of CD 14 and CD3 is high as would be

expected since the starting cell for the generation of DC is adherent monocytes. As

time progresses so the expression of these two markers by the cells falls. Along with

this an increase in the expression of CD80, CD86 and CD83 is seen. This would be
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consistent with the attainment of a more mature phenotype. Propidium iodide (Pi) is

able to penetrate the cell membrane of dead cells. More cells became Pi positive as

the culture progressed, indicating that there were a higher proportion of dead cells

present in those cells that have been cultured for longer periods. Other than changes

between day 0 and day 3, after day 3 there did not appear to be any significant

differences in the expression levels of the markers tested.

3.2.3 Effect of addition of maturational agents to DC cultures

a) Poly I:C

Method

DC were generated from 3 healthy volunteers according to the method described in

Chapter 3 (3.4.4). Poly I:C was added to the flasks on day 3 of culture at a final

concentration of 12.5p.g/ml (Sigma, UK). DC were also prepared without the

addition of poly I:C as a control for maturation. Each day cells were harvested from

their individual flasks, counted and cell surface markers were assessed by flow

cytometry, using the panel of DC maturation markers described in section 2.1.1

above. Additionally autologous PBMC proliferation in response to DC exposed to

poly I:C with or without antigen pulsing with PPD was performed according to the

method described in section 2.3.2.6 below.

Appearance under the light microscope

Figure 13 (a and b) shows the morphological appearance of cells from poly I:C

containing culture and cells where the culture did not contain poly I:C.
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DC generated with and without poly I:C.

I:C (xlO)Day 5 DC, culture without poly

Day 5 DC, generated in the presence of poly I:C (xlO)

Shows morphologic appearance of DC which were generated with and without poly
I:C.

Cells which have been cultured in the presence of polyI:C were larger with more

dendritic processes than cells which had not been exposed to polyI:C.
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Cell numbers

Figure 14 shows the number of cells harvested from cultures where polyI:C was

added on day 3. The number of cells is presented as a percentage of the cells that

were originally placed in the culture.

Percentage of starting cells harvested, poly I:C containing cultures
Figure 14

Percentage of starting cells harvested, pl:C containing
culture

J , 4r
■■

3 4 5 6 7 10

day of culture

Cell number is expressed as a percentage of the starting cell number, n=2.

There is an apparent trend towards a reduction in the number of cells harvested as

time progressed, but the observed changes are not statistically significant.

FSC and SSCproperties

Figure 15 shows the FSC and SSC properties of cells which had not been exposed to

pI:C and cells which had been exposed to pI:C.
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Figure 15
FSC and SSC characteristics of cells exposed to poly I:C
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Effect of the addition of poly I:C to the FSC and SSC properties of DC generated by
culture of varying lengths.

The populations of cells which had and which had not been exposed to poly EC were

similar in terms of FSC and SSC properties.
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Expression ofcell surface markers

Cells from the cultures were harvested each day and stained for the cell surface

markers described in 2.1.1 above. The expression of each of the markers in the

culture containing poly I:C is shown in figure 16 as the percentage of cells in the

region R1 which were positive for that marker. Poly I:C was only present in the

cultures from day 5 onwards.
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Surface marker expression by DC exposed to poly I:C after varying culture
periods, poly I:C added on day 3.

Figure 16
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Surface marker expression by DC exposed to polyI:C. Varying culture lengths. N=3

There was no significant difference in the level of expression of any of the markers

tested between days 5 and 10.

Figure 17 compares cells which had been exposed to poly I:C with those that had not

been exposed.
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Surface marker expression by DC after varying culture periods, comparing poly
I:C exposed cells with those not exposed to poly I:C

Figure 17
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Surface marker expression by DC after varying lengths of culture. Comparing cells
which have been exposed to poly I:C with those which have not. N=3.

There were no significant differences between the exposed cells and the unexposed

cells in the percentage of the cells which were positive for each of the markers tested

at any of the days of testing.
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Autologous PBMCproliferation ofpolyhC exposed DC

After 3 days culture in the presence of GM-CSF and IL4 the primary culture was

pooled and washed. Half of the cells were exposed to PPD at a concentration of 20pl

per ml for 2 hours before being washed again. The two populations of cells were split

again and poly I:C was added at 12.5p.g/ml to two of the four cultures resulting in 4

separate cultures as follows;

DC no exposure to antigen or polyI:C

DC exposed to PPD for 2 hours

DC poly I:C present

DC exposed to PPD and poly I:C present

Flasks were incubated for a further 3 days at 37°C in RPMI containing 2% AB serum,

before cells were harvested, washed and re-suspended at 105/ml in complete RPMI.

At this point fresh autologous PBMC were prepared and re-suspended at 106/ml in

complete RPMI. A 96 well plate was set up for each of the 4 DC preparations using

autologous PBMC and DC at ratios of between 1 DC:10 PBMC and 1 DC:3260

PBMC. Plates were incubated for 7 days at 37°C and 18 hours before the end of the

culture period lpCi of tritiated thymidine was added to each well. Plates were

harvested as described in Chapter 3.

The influence of poly I:C on autologous

varying concentrations is shown in figure

experiments.

T cell proliferation in response to DC at

18, and represents the mean of 3 separate
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Effect of poly I:C maturation of DC on autologous PBMC proliferation
Figure 18

Effect of poly l:C maturation of DC on autologous PBMC proliferation
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Whilst at high ratios of DC: PBMC there was increased proliferation with the DC that

had been exposed to poly I: C this effect was lost at ratio's of 1:40 and above. There

was only a significant difference between the poly I:C exposed DC and the un¬

exposed DC in the proliferation of autologous PBMC at a ratio of 1:10.

The effect of poly I:C on the ability of DC to cause autologous proliferation was also

examined for DC which had been pulsed for 2 hours with PPD. This is shown in

figure 19 which represents the mean of 3 separate experiments.
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Effect of poly I:C on DC ability to cause autologous PBMC proliferation in
response to PPD

Figure 19
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DC which had been exposed to PPD caused significantly more proliferation of

autologous T cells than those which had not been pulsed with PPD. There was

however no difference in the amount of proliferation of autologous PBMC between

PPD pulsed DC which had and those which had not been exposed to poly I:C.

b) TNF alpha

Methods

DC cultures were established as described in chapter 3. To examine the effect of the

addition of TNF alpha, a putative DC maturational agent, this was added at a final

concentration of 25ng/ml on day 3 of culture (TNF alpha, Peprotech), and cells were



maintained within the primary culture for a further 3 days. As described in section

2.1.1 above DC surface markers were assessed at the end of this period. Autologous

PBMC proliferation in response to TNF alpha exposed DC was assessed with and

without the addition of PPD (method as described above).

FSC and SSC properties

Figure 20 shows the forward and sides scatter plots of cells which had and which had

not been exposed to TNF alpha.

FSC and SSC properties of cells exposed to TNF alpha
Figure 20
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FSC and SSC properties of cells which had and which had not been exposed to TNF
alpha.

At day 7 the cells which have been exposed to TNF alpha form a more cohesive

group in terms of their FSC and SSC than the cells which have not been exposed.

The percentage of the total cells which lie within the DC area (Rl) is not however

significantly different between cells which have received no maturational stimulus

and cells which have been cultured in the presence of TNF alpha, as illustrated in

figure 21, which represents the mean of 3 separate experiments.

Effect of TNF alpha on the percentage of all cells in Rl
Figure 21
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Effect of TNF on percentage of all cells in R1
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Expression ofcell surface markers

Figure 22 shows the percentage of cells in R1 which express each of the cell surface

markers described on the x-axis. The results presented represent the mean of 3

separate experiments.
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Effect of TNF alpha and PPD on the expression of DC surface markers
Figure 22

Effect of TNF and PPD on expression of DC surface markers

120

cell surface marker

n=3

p<0.05 (t-test) for the difference between cells exposed to no maturational agent and
cells exposed to TNF alpha in terms of CD83 expression

Cells which had been exposed to TNF alpha had lower levels of expression of CD 14,

a monocyte marker, and CD3 a pan T cell marker than cells which had not been

exposed to TNF alpha. There was however no statistically significant difference

between these levels of expression. Cells exposed to TNF alpha showed up

regulation of HLA DR, but again this was not significantly different from the cells

which had been cultured in the absence of TNF alpha. The expression of co-

stimulatory molecules CD80 and CD86 was up-regulated in cells which had been

exposed to TNF alpha as was the DC marker CD83, but the changes were not

significant.

Autologous PBMCproliferation

The DC generated in the varying cultures were used to set up an autologous T cell

proliferation assay, using fresh PBMC and the cultured DC at varying ratios, the

method was as described in section 2.3.2.6 above. Figure 23 shows the thymidine

incorporation, and represents the mean of three separate experiments.
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Effect of TNF alpha DC maturation on autologous PBMC proliferation
Figure 23

Effect of TNF maturation of DC on autologous PBMC proliferation
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There is clearly an increase in the proliferation which occurs when DC had been

exposed to TNF alpha as part of the culture process. This effect is more marked at

higher ratio's of DC:PBMC and tails off as the ratio falls. There is clearly a

significant difference between the DC which have been exposed to TNF and those

DC which have not, which is statistically significant at ratios of 1:10 down to 1:160.

Figure 24 shows the autologous cell proliferation in response to DC, but also shows

two extra groups where the DC were pulsed for 2 hours with PPD prior to the

addition of TNF alpha if appropriate.
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Effect of TNF alpha on DC ability to cause autologous PBMC proliferation in
response to PPD

Figure 24
Effect of pTNF on DC ability to cause autologous PBMC proliferation in response
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The addition of TNF to the cultures continued to have additional benefit in terms of

proliferation above that of pulsing the DC with PPD.

c) Interferon gamma (IFNy)

Method

DC cultures were established as above. A fifth culture was setup so that the effect of

IFNy on the DC could be examined. IFNy was added on day 3 of the culture process

to the appropriate flask at a final concentration of lOng/ml (IFNy, Boehringer,

Roche, Germany).

FSC and SSC properties

Figure 25 shows the FSC and SSC properties of cells which had been exposed to

IFNy in addition to TNF alpha and PPD.
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FSC and SSC characteristics of DC additionally exposed to IFN y
Figure 25
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FSC and SSC characteristics of DC, comparing those which have not been exposed to
additional IFN y with those which have.

DC generated where the culture contained IFN y consisted of a less cohesive group

based on their size and internal complexity than DC that were generated without IFN

y being present
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Figure 26 shows the percentage of cells in the R1 region which are positive for each

of the cell surface markers shown on the x-axis.

Figure 26

Percentage of cells positive in R1 after stimulation with different DC
maturational agents
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Showing the difference in the number of cells in R1 which were positive for each of
the DC surface markers after exposure to different DC maturational agents.

Cells which had been exposed to IFN y after pulsing with PPD showed down

regulation of the markers associated with DC maturity (CD 80, CD86 and CD83)

compared to those cells which have been exposed to TNF alpha after their pulsing

with PPD. They even showed lower levels of HLA DR and CD80 than non pulsed,

non matured cells. This might indicate that the addition of IFNy has had a negative

effect on the maturation of DC which have been exposed to TNF alpha as a

maturational stimulus, but the observed changes are not significant.

Autologous PBMCproliferation

DC from each of the 5 cultures described above were used to set up a titration of

autologous PBMC with DC for each of the maturational groups (nil, TNFa, PPD,
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TNFct/PPD, TNFa/PPD/IFNy) as described above. Figures 27 and 28 show the

results from this.

Effect of IFNy on autologous PBMC proliferation after pulsing with PPD
Figure 27

Effect of gamma IFN on DC ability to cause autologous PBMC proliferation after
pulsing with PPD
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Figure 28
No additional effect from the addition of IFNy
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The addition of IFN y to PPD cells caused no increase in proliferation above that

caused by the addition of TNF.

2.2.4 Summary of DC evaluative work.

Cryopreservation of DC was associated with the generation of larger cells which

showed an increased degree of internal complexity. In addition to this there was

increased expression of markers associated with increased maturity of DC (CD83 and

CD86) on those cells which had been cryopreserved.

Increasing the length of the DC culture period was again associated with an increase

in the size of the DC and an increase in the degree of internal complexity of these

cells. Similarly there was increased expression of those markers which were

associated with maturation of DC.

The addition of poly I:C to the DC cultures did not seem to cause any significant

differences in the population of cells generated. The poly I:C exposed DC were only

associated with an increase in autologous PBMC proliferation at very high ratios of

DC to PBMC (1:10). Conversely the addition of TNFato the DC cultures produced

a DC population which expressed to a much higher level those markers characteristic

of increasing maturity of DC. These more mature DC were capable of causing a

significant increase in the proliferation of autologous PBMC, which was especially

evident at high ratios of DC to PBMC (1:10 to 1:160). The addition of IFNy to the

TNFa containing DC cultures was associated with a down regulation of the cell

surface markers associated with DC maturity.
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CHAPTER 3 - Materials and Methods for the Clinical Study

3.1 Overall study design

This phase one clinical trial was primarily designed to assess the safety and feasibility

of utilising MUC-1 pulsed autologous dendritic cells (DC) for immunotherapy of

adenocarcinoma patients. DC were generated from cytokine treated adherent

peripheral blood monocytes and pulsed with Biomira Liposomal Peptide-25 (BLP 25)

(Biomira, Inc) a liposomal preparation of MUC-1 peptide comprising 1.5 tandem

repeats (sequence STAPPAHGVTSAPDTRPAPDSTAPP). Where possible fresh DC

were returned to patients by sub-cutaneous injection in a single dose into a limb

which had not been subject to regional anti-cancer therapy. Five patients received a

second inoculation of cryo-preserved cells, usually 7 days after the primary injection.

The first patients received a total dose of 0.075 x 106DC/kg body weight which

escalated in subsequent patients to until a total dose of 1.0 x 106DC/kg body weight

was reached. In parallel, a non-clinical analysis of the general and specific immune

responses of patients following immunotherapy was carried out to examine the

systemic effects of DC immunotherapy.

3.2 Design of Clinical Trial (for trial protocol, see Appendix 1)

3.2.1. Inclusion criteria.

Eligible patients had local relapse or metastatic breast carcinoma and had received

previous treatment with cytotoxic chemotherapy or hormonal therapy, or had refused

it. They were required to have assessable disease and have a predicted survival of
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greater than 12 weeks. They needed to fulfill criteria for autologous blood donation,

which included having a haemoglobin value of greater than 120 grams per litre. Prior

Bacillus Calmette-Guerin (BCG) vaccination was a requirement, as was the provision

of informed consent. The trial protocol was approved by the Lothian Research Ethics

Committee (LREC/1997/4/114) (see Appendix 4), and the Medicines Control Agency

provided an exemption of the use of autologous dendritic cells for this study.

3.2.2 Exclusion criteria.

The following exclusion criteria were stated. Pregnant women were excluded as were

patients who were known to have central nervous system metastases. The presence of

prior or concomitant metastatic disease also excluded patients from the trial. Patients

could not have received treatment for their malignancy within the 4 weeks prior to

entry to the study. Patients receiving immunosuppressive medication, including

corticosteroids were excluded, as were patients who were known to have systemic

auto-immune disease, other than diabetes mellitus. Patients who were either unable,

or refused, to give informed consent were excluded.

3.2.3. Patient Enrolment

The study was discussed with patients who fulfilled the entry criteria and informed

consent was obtained at least 24 hours later.
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3.2.4. Design of the clinical study.

a) Pre-screen.

After informed consent eligible patients donated 80mls of peripheral blood to assess

their suitability. 30mls was used for assessment of general immune function

including peripheral blood count, flow cytometry and proliferative responses to

mitogens and recall antigens and to provide a baseline prior to treatment for future

comparison. 50mls was used for small scale DC culture. Patients demonstrating

good DC generation and immune function continued within the clinical study. Those

who demonstrated poor DC generation or immune function were offered a repeat

screen and continuation within the study if this was adequate. Patients with poor DC

generation or immune function on both screens were withdrawn.

b) Preparation of clinical product.

Patients with adequate DC generation and immune function continued within the

study and were invited to donate a single unit of autologous blood at the Scottish

National Blood Transfusion Service (SNBTS) Cell Separator Unit, Royal Infirmary

of Edinburgh according to a standard protocol. Patients had to fulfill established

criteria of safety for autologous blood donation (Roberts, 1991) and were evaluated

prior to donation by a blood transfusion service physician. In the UK it is mandatory

to screen autologous donations in the same way as allogeneic donations for routine

viral markers (HIV, Hepatitis B, and Hepatitis C) and for syphilis. Consent for this,

after appropriate counseling, was incorporated into the consent for the trial. This

precaution protected clinical and laboratory staff from potential infection and the
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routine blood supply from the possibility of cross-contamination. The blood was

taken into a routine quad-pack, allowing sterile separation of red cells, buffy coat and

plasma by Edinburgh SNBTS components laboratories. The red cells were saved and

were available for autologous transfusion if necessary. The sterile buffy coat was

transferred to SNBTS Tissue Bank at Liberton, Edinburgh where it was handled in

Good Manufacturing Practice (GMP) grade sterile clean room facilities. Wherever

possible GMP grade reagents were used, and where this was not possible a fresh

batch of reagent was tested for efficacy and sterility in house before use. AB serum

used was of clinical grade, from a regular blood donor subject to the usual donor

selection and screening criteria. Donor serum was used in preference to autologous

because of the theoretical presence of humoral immunosuppressive factors in patient

sera. Cell manipulation, culture and storage were undertaken within this facility

according to a standard operating procedure (Appendix 2). Following culture DC

were washed and aliquoted. Aliquots were used fresh or following cryo-preservation

using standard techniques. Prior to clinical use DC were incubated for 2 hours with

the small liposomal preparation of MUC-1 after which they were re-suspended in a

small volume (1ml) of saline for injection and transferred to the Western General

Hospital, Edinburgh in a capped syringe enclosed in a protective sterile container.

c) Readministration and dosage.

DC were administered in 1ml of carrier medium by subcutaneous injection in 2 sites

(split dose) under the direct supervision of an experienced physician on Ward 1 at the

Western General Hospital, Edinburgh where resuscitation and supportive care

facilities were available. Patients were then transferred and maintained under close
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observation in Ward 4 for 24 hours during the initial phases of the study. As

confidence grew during the latter phases of the study, patients were allowed home

after a shorter period of observation.

It was planned that the first 8 patients would receive an escalating dose of DC of 4

(once weekly) subcutaneous injections; namely 0.05x106, O.lxlO6, 0.15xl06 and

0.2x106 / kg and that the second 4 patients would receive an equal dose of DC of 4

(once weekly) subcutaneous injections; namely 0.125x106/kg. No patient would

receive more than a total dose of 0.5x106/kg DC. However it became clear during the

early part of the trial that this dosage schedule was not achievable and modifications

were made (see section 3 of Materials and Methods "Amendments to Trial Design"

for details).

d) Expected toxicity.

Clinical studies elsewhere have not reported significant systemic toxicity.

Premedication with anti-pyretics, such as paracetamol, was not administered

routinely, but was available if pyrexia or flu-like symptoms developed. Inflammation

and ulceration at the local site of inoculation has been described in other clinical

studies, so in this study the sites of inoculation were rotated.
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3.2.5 Treatment monitoring

a) Data Collection

Case Report Forms were provided for each patient (see appendix 3). Each page was

completed in blue or black ink. Any errors were crossed out with a single line and the

correct value entered alongside. The change was initialed by the person making the

correction. The original entry was still legible. Correction fluid was not used.

b) Patient Details.

Details collected included the name and date of birth of the patient, also their height

and weight. Tumour histology, size and dissemination were noted as were details on

the previous management of their disease. Evidence relating to the presence of

concomitant disease was documented as were drugs taken in the 7 days prior to the

DC re-infusion. Eastern Co-operative Oncology Group (ECOG) performance status

was documented (333).

c) Pre-Treatment Assessment.

This was made within 14 days of commencement of trial procedures. Clinical

evaluation including history and clinical examination was performed. Evaluation of

disease (clinical and radiographic as appropriate) was made. Patients with

predominantly chest wall disease were monitored by clinical examination or clinical

photographs. Skin testing for delayed type hypersensitivity (DTH) reaction to

tuberculin purified protein derivative (PPD) was performed using 10 tuberculin units

(TU) of PPD (Medeva Pharma Ltd., UK) administered intra-dermally with the area of
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induration or erythema being measured in millimeters at 48 to 72 hours following the

injection. Blood was taken for full blood count, renal function, biochemistry, liver

function tests and C-reactive protein (CRP) which were performed by the routine

clinical facilitites at the Western General Hospital. Immunoglobulin electrophoresis

(IgA, IgG and IgM), circulating immune complex levels (CIC) and levels of

complement components (C3 and C4) were performed by the Immunology

Laboratories of SNBTS. Human leucocyte antigen (HLA) typing was performed by

the SNBTS tissue typing facility. Serum samples were stored for later batch analysis

of the tumour markers carcinoembryonic antigen (CEA) and Cal5-3 performed by

Clinical Chemistry at the Western General Hospital using the routine hospital assay

for CEA and Bayer Immuno-1 CA15-3 Assay, Bayer Corp, New York, USA. Flow

cytometric evaluation was made of T & B lymphocytes, and CD4/CD8 subsets as

well as T cell proliferative responses to MUC-1 and PPD (according to Materials and

Methods sections 10 and 14).

d) Immediate Post-Treatment Assessment.

Vital signs (including pulse, blood pressure and temperature) were monitored every

15 minutes for the first hour following the return of the DC, hourly for the next 4

hours and 4 hourly thereafter for 24 hours. An enquiry was made about post

treatment morbidity.

e) Post-treatment Assessments.

Clinical and laboratory parameters outlined above were evaluated at 24 hours, 7 days

after each dose, and at 7 days , 14 days, 1 month and 3 months after the completion of
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therapy according to the schedule of events (Appendix 7). All patients kept a diary for

7 days following each dose of DC and detailed local and systemic symptoms as well

as any medication taken over that period. Clinical toxicity to therapy was assessed at

days 1, 7, 14, 28 and 90 following therapy and was evaluated using the Common

Toxicity Criteria (National Cancer Institute, USA).

f) Immunological monitoring

After the initial immunological screening a further 30 mis of blood was taken at days

7, 14, 28 and 90 for immunological monitoring. Flow cytometric evaluation was

made of T and B lymphocytes, and CD4/CD8 subsets as well as T cell proliferative

responses to a range of mitogens and the recall antigen PPD as well as MUC-1.

3.2.6 Monitoring of Disease Activity.

Disease evaluation was carried out at entry to the trial and at 28 days and 3 months

following completion of therapy. The mode of assessment varied according to the

predominant disease site for that patient. The method used remained consistent for

each patient throughout the trial. Patients with disease predominantly on the chest

wall were monitored by clinical photography and clinical measurements. Apparent

responders had their X-rays/scans reviewed by a radiologist. If there was evidence of

disease progression such as an increase in tumour bulk of greater than or equal to

25%, the appearance of new disease or deterioration in symptoms consideration was

given to the possibility of other therapy. All patients were followed up long-term.

3.2.7. Statistical design
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Descriptive statistical analysis was performed where appropriate.

3.2.8. Trial termination

The study would have been terminated if recruitment was too slow to allow accrual of

an adequate number of patients in a reasonable length of time, evidence was gained

that patients were being exposed to an unacceptable risk or for any reason it was not

possible to continue to produce the trial material.

3.2.9. Patient withdrawal

Patients could withdraw from the study at any time without giving any reason.

Patients experiencing any kind of adverse reaction could have been withdrawn at the

discretion of the investigator.

3.2.10. Ethical considerations

The protocol was approved by the Lothian Research Ethics Committee

(LREC/1997/4/114) prior to the entry of any patients into the study (see appendix 4).

The trial was conducted in accordance with the requirements of Good Clinical

Practice as set out in the rules published by the European Community (Final Version

111/3976/88-EN). The study also complied with the Declaration of Helsinki as

adopted by the 18^ World Medical Assembly, Helsinki, Finland, 1964 and amended

by the 29^ World Medical Assembly, Tokyo, Japan, 1975, the 35^ World Medical

Assembly, Venice, Italy, 1983 and the 41st World Medical Assembly, Hong Kong,

1989.
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Fully informed consent was obtained from the patients with the option that the

patients could refuse to take part in the study and could at any time withdraw from the

study without giving reasons, and without affecting their treatment in any way. A

sample "Consent Form" and "Information for Patients" is attached within Appendix

1. Patient confidentiality was maintained and patient's names appeared only on

internal documentation and in any external report or publication relating to the study

patient anonymity was ensured. The patient's general practitioner was informed of

the patient's participation in the study. A letter for this purpose is attached within

Appendix 1.

3.3 Amendments to Trial Design

During the course of the study, which began recruiting in July 1999, it became clear

that changes required to be made to the trial design if the study were to proceed to a

successful conclusion. Major changes received the approval of Lothian Research

Ethics Committee (see Appendix 5 for documentation). These and the minor changes

made, along with the rationale behind them are described below.

3.3.1 Inclusion criteria

After initially high levels of referral from the physicians responsible for the care of

patients with advanced breast cancer recruitment fell considerably. As MUC-1 is

aberrantly expressed on a wide range of malignancies other than breast cancer, and

that this therapy could be applicable to these patients it was felt appropriate to recruit
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them into the trial. Ethical approval was sought, and granted, to allow recruitment of

patients with such malignancies, see Appendix 5.

3.3.2 Harvesting of mononuclear cells for dendritic cell generation

It became apparent that the planned doses could not be achieved from a single blood

donation. In addition one patient experienced a significant fall in her haemoglobin,

which although not clinically significant and not requiring transfusion, took three

months to resolve. It was therefore decided to change the method of collection from

donation of a unit of blood to a three hour leucapheresis collection. Ethical approval

for this was sought and granted (see Appendix 5).

3.3.3 Dosing of dendritic cells

After 6 patients had been treated, and it had not proved possible to generate sufficient

cells for multiple dosing, it was decided to change the regimen to a single dose of

DC. The volume in which the cells were made up remained at 1 ml throughout the

study and it was thought that there would be too much potential wastage of cells if

this volume were split between two injection sites so in every case it was given into a

single site. For those patients who received more than one dose the sites of injection

were rotated.

Although the original dose escalation as detailed in 2.4.3 above was adhered to as

much as possible, there were slight alterations, and the revised dose escalation is

detailed as below. It is based on the cumulative dose of CD la positive cells

received.



Amended DC dose schedule

Table 15

Cumulative CDla+ cells per kg (xl 06) Number of Patients

0.07-0.1 3

0.11-0.125 2

0.126-0.25 3

0.26-0.50 2

0.51-0.99 1

>=1.0 1

3.3.4 Re-administration of dendritic cells

As the study proceeded and there was minimal toxicity noted following the return of

cells it was decided to return the cells on an out-patient basis, with review of the

patient at the hospital 24 hours post procedure for toxicity assessment. Another

reason for this was that several of the initial patients reported feeling fatigued

following the procedure, which may have been confounded by spending the night in a

busy oncology ward. If fatigue remained as one of the noted toxicities following the

out-patient return of cells then it would be more likely that it was a real effect

attributable to the therapy and not just a confounding factor.

3.3.5 Case report forms

It was necessary to amend these following the changes in scheduling and dosing

detailed above, copies are appended (see Appendix 6).
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3.3.6 Monitoring of disease activity

The primary aim of this study was to establish the safety and feasibility of treatment

with autologous MUC-1 pulsed dendritic cells in patients with cancer, and was not to

show any clinical response to the therapy. Therefore it was not felt appropriate to

repeat imaging prior to the study if it had been performed more than 4 weeks

previously, as was initially stated.

3.4 Materials and Methods for the Trial and Immune Monitoring

3.4.1 Synopsis

Patients donated 30 ml of peripheral blood pre-treatment, 7 days after the

commencement of treatment and at 14, 28 and 90 days following the completion of

treatment.

Fresh peripheral blood mononuclear cells (PBMC) were isolated according to the

method detailed in section 3.4.3 and were resuspended at 2xl06/ml in complete RPMI

(cRPMI). 600pl were phenotyped by flow cytometry using a panel of fluorochrome

conjugated monoclonal antibodies on the days of isolation and following 7 days

culture (see 3.4.10, page 189 (Flow Cytometry) for detail). In addition 750pil aliquots

of PBMC were placed into the wells of a 24 well plate (Greiner, Germany) together

with 750p,l of cRPMI alone or 750pl of cRPMI containing the mitogen concavalin A

(ConA, lOpg/ml) or phytohaemagglutinin (PHA, 2p,g/ml) or the recall antigen PPD

(200IU/ml). PBMC were also cultured with BLP-25 (4pg/ml)(MUC-l loaded

liposomes used to pulse DC for clinical use) (Biomira Inc) and empty liposomes
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diluted to the same concentration as those containing MUC-1. For the last 5 patients

PBMC were also cultured at a ratio of 10 to 1 with autologous or allogeneic DC

pulsed with BLP-25 or empty liposomes (see 3.4.9, page 188 (Mixed Lymphocyte

reaction) for detail). Con A and PHA were added 3 days before the end of the

culture. Cells were cultured for 7 days at 37°C in a humidified, 5% carbon dioxide

(CO2) incubator. In parallel cultures were also set up with PBMC isolated from

normal volunteers as a control for antibody staining and function of assays. Patients

and control PBMC were also used to look at T cell proliferative responses to the same

panel of reagents (see 3.4.7, page 187, for further detail on T cell proliferation

methodology).

3.4.2 Preparation of BLP-25

The liposomal preparation of the synthetic MUC-1 lipopeptide BLP-25 was a

lyophilised powder manufactured according to GMP and was provided by Biomira,

Inc, Edmonton, Canada. After reconstitution each vial contained 0.75ml of

multilamellar vesicles (MLV), particle size 2-3mm, with 400mg/ml of BLP-25,

200Mg/ml of Lipid A and 20mg/ml of liposomal lipids. The sterile reconstituted

product was sonicated in the original vial in a sonication bath (Laboratory Supplies

Co. Inc, USA) for 60-90 minutes in the Tissue Services Class 100 clean room facility

to produce small unilamellar vesicles (SUV), particle size about 50nm, suitable for

pulsing DC. "Empty liposomes" contained all components except BLP-25.

3.4.3 Peripheral Blood Mononuclear Cell (PBMC) preparation
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a) For laboratory analysis

All blood preparation was carried out in a class II laminar flow hood using sterile

technique. 30-100ml of peripheral blood was collected into 50ml conical tubes

(Corning, UK) containing lOiU heparin/ml blood (Sigma, UK). Blood was diluted

1:1 with incomplete RPMI 1640 (iRPMI) containing HEPES (20mM), sodium

pyruvate (ImM), sodium bicarbonate (lg/1), and supplemented with glutamine

(2mM), penicillin (50IU/ml) and streptomycin (50pg/ml) (all Sigma, UK). For

density gradient separation of PBMC, 10 ml of diluted blood was layered onto 3 ml

of Histopaque 1077 (Sigma, UK) in 15 ml conical tubes (Corning, UK). Following

centrifugation at 400g for 15 minutes plasma was collected and frozen at -80°C for

future use. PBMC were collected from the Histopaque interface, washed twice in

50ml iRMPI and resuspended in complete RPMI (cRPMI; iRPMI supplemented with

1 % pooled heat inactivated human AB serum (SNBTS) for cell counting. Cell counts

were carried out using a haemocytometer and white cell counting fluid or using a ZM

Coulter Counter calibrated for white blood cell counting. PBMC were finally

resuspended for use at 2 x 106 cells/ml in cRPMI.

b) For DC generation

PBMC were collected at the SNBTS cell separator unit in the Royal Infirmary of

Edinburgh by two methods;

(1) The first 6 patients involved in the trial donated a single unit of blood which

was prepared such that the buffy coat was separated and was used for the

generation of PBMC.
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(2) The second 6 patients underwent up to 3 hours of leucapheresis using the

Cobe Spectra on white blood cell settings. 9 litres were processed for each

patient and cells were collected at 0.8mls per minute, at between 1 and 2%

haematocrit.

Isolation of PBMC from these donations was essentially as described above except

that the density gradient separation was carried out using Leucosep tubes (Greiner,

Germany) according to the manufacturer's instructions.

3.4.4 Dendritic Cell Generation

This was performed in two separate areas. The method used was essentially the same

the only real difference being the volume of starting material. The method described

relates to the preparation of DC which were to be administered within the clinical

study. Where differences in the technique occurred those used in the laboratory (for

example where DC were required as part of the immune monitoring process, in which

case they were not re-administered to patients) are shown in [square brackets]. The

clinical product was prepared in the GMP facility at the SNBTS Tissue Bank

(Liberton, Edinburgh). DC were also generated under standard laboratory conditions

for use in the follow up assays of lymphocytes from trial patients and for the

investigation of DC maturation profiles. Preparation of DC to be returned to patients

within the clinical trial was performed according to a Standard Operating Procedure

within the Tissue Bank (see appendix 2)

Staff preparing DC for the clinical study within the GMP clean room facility

Figure 29
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Showing staff preparing DC culture from a leucapheresis pack

Monocytes were isolated from PBMC by plastic adherence of 40ml [10ml] of PBMC

at 10-20 x 106/ml in cRPMI in 175cm2 [25 or 75cm2] tissue culture flasks for 2 hours

in a humidified 37°C incubator with 5% CO2. To remove non-adherent cells the

overlying medium was aspirated and expelled over the adherent cell surface

repeatedly and removed from the flask. Adherent cells were washed twice more with

fresh medium and all non-adherent cells pooled for counting to determine the

percentage of adherent cells.



Adherent cells were then cultured in a humidified 37°C incubator with 5% CO2 in

40ml [5-10ml] differentiation medium (cRPMI supplemented with 15ng/ml IL-4

(R&D, UK [Peprotech EC Ltd, UK]) and 50ng/ml GM-CSF (Leucomax, Sanofi

[Peprotech EC Ltd, UK]). After 4 days non-adherent cells were recovered from the

flasks by repeated pipetting of the differentiation medium over the surface and

washed twice with 10ml fresh iRPMI. Recovered cells were washed twice in fresh

iRPMI, and counted.

The number of DC generated was assessed by flow cytometry. Recovered non¬

adherent cells were labelled with the following combinations of fluorochrome-

labelled anti-human monoclonal antibodies (1) CD14-FITC/CDla-PE, (2)HLA-DR-

FITC/CD80-PE, (3)CD86-FITC/CD83-PE. All antibodies were from Caltag Med

Systems, UK. The percentage of CDla+ non-adherent cells was used to calculate the

total number of recovered cells to be pulsed with BLP-25 for return to the patient.

3.4.5 Cryopreservation of DC

Cells for possible future clinical use were resuspended in 0.5ml AB serum and held

on ice for 30 minutes before the drop-wise addition of 0.5ml cooled cryoprotectant

medium (80% AB serum, 20% dimethyl sulphoxide (Sigma, UK). Cryovials

(Corning, UK) were then stored at -80°C for at least 4 hours before transfer to liquid

nitrogen vapour phase. When required cryopreserved cells were thawed at room

temperature, they were diluted by slow addition of 15ml 10% AB serum in iRPMI,
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washed once with cRPMI and finally resuspended in 5 ml differentiation medium for

pulsing with BLP-25.

3.4.6 MUC-1 pulsing of DC

This was carried out in the clean room of the GMP facility at the SNBTS Tissue

Bank. The required number of recovered cells was resuspended in 5ml differentiation

medium before the addition of lOOpl of 400pg/ml BLP-25. Following incubation for

2 hours at 37°C in a humidified 5% CO2 incubator, pulsed cells were recovered,

washed in 10ml iRPMI and finally resuspended in 0.5ml saline (0.9%) for injection.

Resuspended cells were loaded into a 2ml syringe placed in a container for transport

and delivered to Ward 1 at the Western General Hospital for injection into the patient.

3.4.7 T Cell Proliferation Assay

Culture of PBMC was as described above, except that cultures were set up in

triplicate wells of a round bottomed 96 well microtitre plate (Bibby Sterilin, UK)

using 50pl of cells at 2xl06 cells/ml and 50pl of agents diluted in cRPMI

supplemented with 1% AB serum as usual or 1% autologous plasma. PPD (50pl of

200U/ml, Evans Medical) was added at the start of the culture period to separate

triplicates, as were empty liposomes (50pl of 400pg/ml), Biomira Inc) and BLP25

(50pl of 400pg/ml, Biomira Inc). Plates were incubated in a humidified incubator at

37°C in 5% CO2. 72 hours before the end of the culture period Con A (50mg/ml final

concentration, Sigma, UK) and PHA (2mg/ml final concentration, Sigma, UK) were

added to separate triplicates of PBMC. In addition plates were set up using normal

volunteer PBMC to provide an experimental control. Proliferation was measured by



incorporation of Thymidine lpCi/well (37.5kBq/pl) (ICN Pharmaceuticals Ltd, UK)

over the last 18 hours of culture. Plates were stored frozen at -20°C until harvested

onto filter mats using a Tomtec plate harvester. After application of scintillant

(Meltiwax, Wallach) incorporation was measured using a Wallach Beta counter.

Incorporation was calculated as the mean incorporation (cpm) of triplicate wells.

3.4.8 Plasma MUC-1 levels

Samples of plasma from each blood donation were stored at — 140°C for measurement

of circulating MUC-1 levels. Analysis was carried out at the laboratories of Biomira,

Inc using the Truquant BR radioimmunoassay kit.

3.4.9 Mixed Lymphocyte Reaction

This was performed for patients 8-12. Both autologous and allogeneic mixed

lymphocyte cultures were established using PBMC and DC prepared by the methods

that have been previously described. Fresh PBMC were resuspended at 2xl06/ml in

cRPMI with 1% AB serum and DC were thawed and resuspended at 2xl05/ml in

cRPMI with 1% AB serum. For the allogeneic reaction cells from an HLA

mismatched volunteer were used. Using a 96 well round bottomed microtitre plate

triplicate cultures were established. Control wells of DC alone and PBMC were also

established at the same final concentration as the experimental wells. Plates were

incubated at 37°C in a humidified 5% CO2 incubator for 5 days. 18 hours before the

end of the culture period 1 mCi of thymidine was added to each of the wells. Plates

were stored frozen at -20°C until being harvested onto filter mats using a Tomtec

plate harvester. After application of scintillant (Meltiwax, Wallach) incorporation
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was measured using a Wallach Beta counter. Incorporation was calculated as the

mean incorporation (cpm) of triplicate wells.

3.4.10 Flow Cytometry

Immunophenotyping of freshly isolated and cultured patient and control PBMC was

carried out using a FACSCaliber bench top flow cytometer equipped with an argon

laser emitting light at a wavelength of 488nm and 4 log decades of fluorescence

amplification.

Cell samples enter the cytometer under pressure, forming a stream of single cells. As

they pass through the flow cell, cells pass through the laser bean and scatter light.

The direction of light striking the surface of the cell is almost unchanged, this is

forward scattered light (FSC) and is a measure of size. Light passing through the cell

is scattered to a greater extent by intra-cellular structures, e.g. vacuoles and granules,

this is side scattered light (SSC) and is a measure of cell complexity.

The FSC and SSC parameters of the cytometer were adjusted so that it was possible

to distinguish resting lymphocytes, blasting (i.e. activated lymphocytes) and myeloid

cells by their FSC and SSC characteristics.

The fluorochromes fluorescein isothiocyanate (FITC), phycoerythrin (PE) and

Tricolor (TRI) are all excited by 488nm laser light to emit light of a longer

wavelength. The light emitted by each fluorochrome is collected by a specific

detector. FITC emits light at 550nm and is collected in fluorescence channel 1 (FL1),
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PE emits light at 660nm and is collected in fluorescence channel 2 (FL2) and TRI

emits light at 660nm and is collected in fluorescence channel 3 (FL3). Before

acquisition of data from cells labelled with fluorochrome-conjugated antibodies the

fluorescence detectors in all 3 channels were adjusted so that cells fell within the first

log decade of detection, leaving 3 log decades for detection of antibody labelled cells.

These is some overlap in the emission spectra of FITC and PE and of PE and TRI,

causing overlap of emitted light between fluorescence channels. To ensure that light

emitted from a single fluorochrome was only collected in the specific fluorochrome

channel samples of cells stained separately with only FITC or PE or TRI conjugated

antibody were used. Where overlap between channels was detected, this was

removed electronically by "compensation". This ensures that when cells are

simultaneously stained with different monoclonal antibodies each conjugated with a

different fluorochrome, detection of any cells in more than one channel is due to

antibody binding and not leakage. Samples could therefore be simultaneously stained

with three different monoclonal antibodies each conjugated with a different

fluorochrome, either FITC, PE or TRI. This reduced the number of cells required for

phenotyping and allowed co-expression of markers to be analysed.

Freshly isolated PBMC were resuspended at 2xl06/ml in cRPMI, 600pl were taken

for antibody staining, and 750ql aliquots were placed into the wells of a 24 well plate

(Greiner, Labortechnik, UK) together with 750pl of cRPMI of each of the agents

(PPD, BLP-25 or empty liposomes) diluted in cRPMI to give the final concentrations

159



described previously, except that ConA and PHA were added 3 days before the end of

culture. Cells were cultured for 7 days at 37°C in a humidified, 5% CO2 incubator.

On day 7 wells were harvested separately. 750ul of supernatant was stored at -140°C

for future analysis of cytokines. Cells were collected by aspiration, wells were

washed twice with FACS PBS (phosphate buffered saline supplemented with 0.1%

bovine serum albumin (BSA) Fraction V (Sigma, UK) and 0.1% sodium azide

(Sigma, UK). Cells and washings from each well were pooled, centrifuged at 400g

for 5 minutes, resuspended in 600pl, counted and stained with fluorochrome

conjugated antibodies.

Freshly isolated and cultured PBMC with each of the agents described were stained

with the following combinations of monoclonal antibodies.

1. CD45RO-FITC/CD20-PE/CD3-TRI

2. CD45RO-FITC/CD4-PE/CD3-TRI

3. CD45RO-FITC/CD8-PE/CD3-TRI

4. CD25-FITC/CD4-PE/HLA-DR-TRI

5. CD25-FITC/CD8-PE/HLA-DR-TRI

All antibodies were from Caltag Med Systems, UK. For staining at least 2xl05 cells

in lOOpl of FACS PBS were incubated for 20 minutes at 4°C with optimum

concentration of each antibody (previously determined by titration) diluted in 20ml of

FACS PBS. Cells were diluted with 3ml FACS PBS, spun at 400g for 5 minutes to



remove unbound antibody and finally resuspended in 300pl of FACS PBS and

samples run immediately into the cytometer. An aliquot of cells was also prepared

without the addition of any antibody. Dead cells were excluded from acquisition

using an electronic "live gate". Data for 10,000 live unstained and stained cells was

acquired and analysed using CellQuest software (Becton Dickinson, UK). To assess

the percentage of dead cells in each well after 7 days of culture the "live gate" was

removed and data for 10,000 cells was acquired after staining the unstained sample

with 20mg of propidium iodide (PI, Sigma, UK). PI is excluded from live cells and is

detected in the FL2 channel.

Flow cytometry was used for characterisation of DC, both within the clinical trial and

as part of the DC evaluation work (Chapter 2)
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Antibodies used (clinical trial follow up)

All antibodies were directly conjugated mouse anti-human monoclonal antibodies,

supplied by Caltag Med Systems, UK.

Antibodies used within the clinical trial

Table 16

Antibody Clone Conjugate Main cellular

expression
Known or proposed

function

CD la VIT66 PE

CD 14 TUK4

CD3 S4.1

CD20 HI 47

CD4 S3.5

CD8 3B5

CD25 3G10

FITC

Tri

HLA DR TM36 FITC, Tri

CD45 RO UCHL1 FITC

PE

PE

PE

FITC

Thymocytes, dendritic
cells

Monocytes,
macrophages,
granulocytes

Mature T cells,
thymocytes

HLA DR positive B
cells, T cells,
monocytes
Memory T cells,
subset of B cells,
monocytes,
macrophages
Most or all B cells

Class II MHC
restricted T cells,
thymocyte subsets,
monocytes and
macrophages (Th cells)

Class I MHC restricted
T cells, thymocyte
subsets (Ts cells)

Activated T and B

cells, macrophages

Presentation of non

peptide antigen to some
T cells
Binds complexes of
LPS and LPS binding
protein required for
LPS induced

macrophage activation
Cell surface expression
of and signal
transduction, by the
TCR
Class II MHC

Tyrosine phosphatase

Possibly a role in B cell
activation or regulation
Signaling and adhesion
co-receptor in class II
MHC restricted

antigen-induced T cell
activation, thymocyte
development
Signaling and adhesion
co-receptor in class I
MHC restricted

antigen-induced T cell
activation, thymocyte
development
Binds IL2, sub-unit of
IL2 receptor^
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3.4.11 Statistics

Where possible the student's t test was performed on normally distributed data. The

Wilcoxon Sign rank test was used for non normally distributed data. All statistical

analysis was performed using Excel 2000.
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CHAPTER 4 - Results of the clinical study

4.1 Patients entered into the study

4.1.1 Recruitment

The phase one clinical trial opened to recruitment in August 1999, and the last

patient received treatment in January 2001. 26 patients received information

sheets about the trial over this time period. Patients with whom the trial was

discussed did not enter for a variety of reasons. 5 were too unwell and did not

meet the entry criteria of predicted life expectancy of 3 months. 7 decided that

they did not want to enter, or preferred to explore other therapeutic options. 14

patients were consented into the trial; 1 patient withdrew following screening,

before apheresis, as he wished to pursue complementary therapy and 1 patient

became too unwell to continue after screening, but before apheresis, and had to be

withdrawn for clinical reasons. Therefore 12 patients received treatment,

according to the trial protocol (see appendix 1) with an escalating dose of

autologous DC administered in one or two subcutaneous injections.
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4.1.2 Patient Characteristics (n=12)

The following table describes the clinical characteristics of the 12 patients who

received treatment within this clinical trial.

Patient Characteristics at Study Entry
Table17

Number ofpatients
Performance status 0 10

1 2
2 0

Age Mean 57 years Range 44-65

Primary site Breast 9
Colorectal 1

Ovary (endometrioid) 1
Oesophageal 1

Prior chemotherapy for 3 3
metastatic disease (no of 2 5
lines)

1 3
0 1

Prior immunotherapy Y 1 ("Theratope")
N 11

Prior hormonal therapy for 2 2
metastatic disease 1 3

0 7

Progressive disease at Y 9
study entry

N 3

Prior BCG Y 8
N 2
N/K 2

One patient (number 5) had received prior immunotherapy as part of the

"Theratope®" phase III trial. This is now closed but was a randomised trial looking at
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vaccination with the STn carbohydrate moiety of MUC-1 plus a non specific immune

adjuvant (detox B) versus non specific immune adjuvant alone. Patients were eligible

following first line chemotherapy for metastatic breast cancer if stable disease or

better had been attained at the end of therapy. The vaccine therapy was continued

until there was evidence of progressive disease. The principle end point of that trial

was time to progression, not overall survival, so once patients had progressed on

vaccine therapy they could be entered into further clinical trials. The results were

presented at the San Antonio Breast Cancer Conference in December 2003 and

showed that Theratope did not influence time to progression or overall survival.

Four of the breast cancer patients, all of whom were oestrogen receptor positive, had

received hormonal therapy for metastatic disease. The patient with ovarian cancer

(patient 9) had been involved in a phase II study of Letrozole (a selective oestrogen

receptor modifying drug) for rising disease markers with no evidence of bulk disease

clinically or on imaging. The three patients who did not have progressive disease at

entry to the study had stable disease following conventional chemotherapy at which

time there were no further conventional treatment options available. At entry to the

current study all patients had a performance status of better than 2 according to the

WHO classification.
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4.1.3 HLA types and study number allocation

The following table denotes the study numbers allocated to the patients who entered

the clinical study in a sequential manner. Their HLA haplotypes are also described.

Unfortunately the sample taken for patient 12 failed to reach the tissue typing

laboratory and there is therefore no information on the tissue type of patient 12.

HLA types and study number allocation

Table 18

Study Class A Class B Class DR
number
1 A 29(19) B13, B70 DR103, DR17(3), DR52

2 A3, A29(4) B7, B62(15) DR15(2), DR4, DR51,
DR53

3 A2 B18, B27 DR15(2), DR17(3), DR52,
DR51

4 Al, A32(19) B7,B8 DR15(2), DR4, DR51,
DR53

5 A3 B60(40) DR17(3), DR9, DR52,
DR53

6 Al B8 DR17(3), DR52

7 Al, A24(9) B8, B62(15) DR17(3), DR8, DR52

8 A2, A3 B45(12), DR B1 * 17

B60(40)
9 Al, A32(19) B8,B44(12) DR B1 * 17

10 A2, A3 B44(12), DR Bl*04

B62(15)
11 A2, A3 B7, B13 DR15(2), DR51, DR53

12 N/K N/K N/K
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As would be expected there were a variety of HLA types seen in the patients involved

in the trial. It is thought that HLA types that include Al, A2 or A3 would have the

ability to recognise MUC-1. Only one out of the 11 patients tested (patient 1) did not

have one of these haplotypes.

4.1.4 Initial disease status

The following table describes the initial disease site of each of the patients involved

in this clinical trial, in addition to the sites of active disease at the time of trial entry.

Disease status at trial entry
Table 19

Patient number Primary site Sites of disease
at trial entry

Assessable site Prior therapy for
recurrent

disease
1 Breast Mediastinum Mediastinum Y
2 Breast Liver Liver Y
3 Breast Chest wall Chest wall Y
4 Breast Supra-clavicular Supra-clavicular Y

fossa nodes fossa nodes
5 Breast Lung Lung Y
6 Breast Lung, bone Lung Y
7 Breast Chest wall Chest wall Y
8 Breast Pleura Pleural N (patient

choice)
9 Colorectal Liver CEA Y
10 Ovary No bulk disease, Ca 125 Y

rising markers
only

11 Breast Pleural effusion, Ascites/pleural Y

ascites, anterior effusion

peritoneum,
large bowel

12 Oesophageal Anastomotic Anastomotic Y
site proximal site
1/3 of

oesophagus

Breast cancer commonly spreads to the liver, lungs and bones in addition to the

pleura. Often patients also develop loco-regional evidence of recurrent disease in
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addition to this or as the only site of recurrence. All of these patterns of disease

recurrence were seen in the breast cancer patients involved in the trial. Patient 11 had

a histological variant of breast cancer known as lobular. This tends to have slightly

different patterns of recurrence and often affects the peritoneal cavity causing ascites

and sub-acute bowel obstruction. The three patients who had primary sites other than

breast (patients 9, 10 and 12) had also represented with patterns of recurrence typical

of their particular types of malignancy.

4.1.5 Mandatory serology

As there would be extensive handling of cell products from the patients involved in

the trial by SNBTS staff and cell products would be stored in a tissue storage facility

it was mandatory for all patients to be screened for hepatitis B and C, HIV and

VDRL, as positive samples could not be handled or stored. Informed consent was

obtained within the context of the trial consent form and procedure (see appendix 1).

All patients screened negative for all the tested infective agents (see appendix 7).

4.2 Cell donation and return

4.2.1 Donation

Patients 1 to 6 donated a single unit of whole blood from which the buffy coat was

used as a source of PBMC to generate DC, whilst patients 7 to 12 underwent a three

to four hour leucapheresis.
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Cells available for DC generation

Table 20

Patient
Number

Method of cell
collection

Total number of
cells from donation

(xlO8)

Time taken for

apheresis (minutes)

1 Blood pack 3.18 N/A

2 Blood pack 3.64 N/A

3 Blood pack 8.41 N/A

4 Blood pack 7.32 N/A

5 Blood pack 7.80 N/A

6 Blood pack 4.50 N/A

7 Leucapheresis 27.26 135

8 Leucapheresis 70.5 230

9 Leucapheresis 62 165

10 Leucapheresis 34 190

11 Leucapheresis 21 177

12 Leucapheresis 40 155

The mean cell yield from the patients who donated a single unit of whole blood was

5.81xl08 total cells (range 3.18-8.41). Patients 7-12 underwent leucapheresis which

yielded a mean of 42.26x108 total cells (range 21.00-70.5). An increase in the mean

value of 7 times that from whole blood donations.

4.2.2 Dosing

Initially the protocol had been designed such that patients would receive up to 4

injections of DC depending on the number of cells generated. Out of the first 6

patients only 2 received close to the planned dose level for injection one, and of the 4

who received a second dose none achieved the desired dose of DC. It was not
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possible for any of the first 6 enrolled patients to receive a planned third or fourth

dose due to the small number of DC generated. This was due to fewer numbers of

DC being generated from a blood pack than had been originally predicted from the

preclinical work performed by the SNBTS Cell Therapy Group in Glasgow. At this

point the situation was reviewed and the protocol was amended such that further

patients would receive only a single dose of DC, which would be generated from

PBMC obtained during a single leucapheresis. This amendment was approved by the

Lothian Research Ethics Committee (appendix 5). Patient number 9 requested a

second injection of DC be given after a period of 28 days had elapsed since his initial

therapy. At this time he had evidence of progressive disease and there were no

conventional therapies available to him. This was considered and was allowed on

compassionate grounds.

a) Dose 1

The following table details the number of cells received by each patient in their first

dose, also the percentage of the cells generated that were CD la positive. Column 5

(CDla received) records the details which were given on the syringe when the cells

were returned to the Western General Hospital for return to the patients. The final

column (CD la derived) is the number of CD la positive cells received when derived

from the percentage of cells CD la positive and the total cells received.
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Dose 1
Table 21

weight allocated total actual CDla % of cells CDla

(kg) dose cells dose received CDla positive received

Patient level received level (derived)
number

(CDla <xlO') (CDla (CDla (CDla+,CD14-) (CDla
xl06/kg) xl06/kg) xlO6) x106/kg)

1 62 0.075 0.05 3 32.90 3.08
2 68 0.075 6.18 0.07 4.9 55 3.39
3 68 0.075 6.36 0.075 5.1 53.48 3.37
4 57 0.125 6.79 0.055 3.15 42.26 2.85
5 84 0.125 16 0.059 4.8 30.66 4.8
6 74 0.125 7.87 0.047 3.8 46.89 3.62
7 62 0.125 86.18 0.122 7.56 18 15.5
8 60 0.25 1578 0.22 13.2 0.95 14.9
9 63 0.25 62 0.25 15.5 25 16.25
10 82 0.5 63.1 0.25 15.775 30 18.93
11 61 0.5 42.86 0.25 10.715 29 12.43
12 47 1.0 87 1.0 41.76 48 41.76

There was a large degree of variation in the percentage of cells that were CD la

positive at the end of the culture period. This ranged from 0.95% to 68.32 %. The

mean percentage of cells which were defined as DC (i.e. CD la positive) was 39.7%

(n=12) (median 31.78%). Excluding patient 8, the mean percentage of CDla positive

cells was 37.4%.
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b) Dose 2

The following table describes the dosage details for those patients who received a

second dose of DC.

Dose 2

Table 22

Patient weight allocated total cells actual CD la % of cells CDla
number (kg) dose received dose received CDla received

level level positive (derived)
(CD la (xlO6) (CD la (CDlaxlO6) (CDlaxlO6)

xl06/kg) xl06/kg)
1 84 0.075 4.86 0.03 1.6 32.90 1.6
2 X X X X X

3 X X X X X

4 57 0.125 10 0.073 4.2 42.26 4.2
5 84 0.125 0.064 5.2 30.66
6 74 0.125 12.25 0.079 5.9 46.89 5.6
7 X X X X X

8 X X X X X

9 63 0.5 55 0.2 13.75 68.32 37.4

10 X X X X X

11 X X X X X

12 X X X X X

X not applicable as patient did not receive a second dose

Patients 1, 4, 5 and 6 received a second dose of DC as part of the planned treatment

schedule, but there were not enough DC generated for this to occur for patients 2 and

3. After patients 1 to 6 had been treated it was decided that a single injection would

be all that was administered. Patient number 9 received a second dose on

compassionate grounds at his request.
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c) Cumulative dose of DC received

Cumulative dose of DC received per kilogram body weight
Table 23

Patient number Allocated dose
level (x 106 per Cumulative CDla
kg body weight) positive cells received

% ofplanned dose

(xlO6 per kg body weight)

2
3
4
5
6
7
8
9
10
11
12

0.075
0.075
0.075
0.125
0.125
0.125
0.125
0.25
0.25
0.25
0.5
1.0

0.08
0.07
0.07
0.13
0.12
0.13
0.12
0.22
0.45
0.25
0.25
1.0

106
93
93
104
96
104
96
88
180
100
50
100

All patients received cumulative doses of DC which were close to the dose levels

which they had been sequentially allocated to receive (mean 100.8% of allocated

dose, median 98%, range 50-180). Patient number 9 received a cumulative dose of

0.45xl06 CDla positive cells per kilogram body weight when his planned dose had

been 0.25. The reason for this was the compassionate second dose of DC that was

administered 28 days after the first dose. Patient 11 received a lower dose than that

planned due to poor recovery of DC from the culture.

4.2.3 Injection site assessment

Cells were returned by a single subcutaneous injection into a limb which had not been

subject to regional nodal anticancer therapy (surgery or radiotherapy). Cells were

suspended in 1ml of 0.9% saline as a carrier, meaning that as the dose increased so

the concentration of cells increased. Patients monitored any changes in their injection
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site over 7 days following the return of cells, and recorded their findings on a diary

card (see appendix 3).

a) Injection one

Injection site reactions following therapy - injection one
Table 24

Pt no 30 mins 24h 0=no reaction
1 0

2
3
4
5
6
7
8
9
10
11
12

1 o 1=35mm or less erythema
0 0
0 0
0 0
0 0
0 0
1 0
1 0
1 0
1 0
0 1

The reaction noted consisted of a pink blush around the injection site, which had

disappeared by 6 hours following treatment in all affected patients. The exception to

this was patient number 12 where it did not appear until 24 hours following therapy,

but had gone by 48 hours. Of the first 6 patients treated at the lower dose levels only

2 had evidence of an injection site reaction. This can be compared against the last 6

patients treated, 5 of whom showed evidence of an injection site reaction. This may

represent a trend to an increased injection site reaction when increased numbers of

autologous cells, including DC, are administered.

Only patients 1, 4, 5, 6 and 9 received two injections. Patient 9 was given a second

injection, on compassionate grounds, of remaining DC one month after the first had

been administered. He did not undergo a second apheresis.

b)Injection two
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Injection site reactions following therapy - injection 2

Table 25

Pt no 30 mins 24h 0=no reaction
i ~ " o 0
2
3
4
5
6

1=35mm or less erythema

0 o 2=70mm or less erythema
0 0
0 0

7
8
9
10
11
12

In terms of reactions to the second injection (where given), only one of the five

patients who received a second injection noted a reaction at the site of the injection.

In this case (patient 9) the reaction seen was larger following the second injection

than that noted with the first dose of DC that he received, although the dose given

was of a similar size (lsl injection 15.5xl06, 2nd injection 13.75xl06 CDla positive

cells). The duration of the reaction however remained the same.

4.2.4 Post treatment observations

Patients 1 -6 were treated on an in patient basis and were observed for a period of 24

hours following the return of cells. Blood pressure, temperature and pulse were

recorded every 15 minutes for the first hour following return of cells, hourly for the

next four hours and then every four hours until the following day. No adverse events

were noted during the initial monitoring of these 6 patients and a decision was made

that future patients be treated on an out patient basis with an initial period of
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observation of 1 hour. They then returned for assessment the following day. Again

there were no adverse effects noted.

4.3 Laboratory parameters

Patients were followed up for changes in laboratory parameters over 3 months

following the return of the autologous cell product. Samples were taken according to

the schedule detailed in appendix 6. All patients completed the follow up schedule

except patients 9 and 12 who became too unwell to attend. It was not possible to

follow up patient 9 at day 90, and patient 12 became too unwell for follow up after

day 14, so no data is available for days 28 or 90 following return of the cells for

patient 12.

4.3.1 Haematology

a) Initial haematology results

A full blood count was performed on all patients at the time of entry into the clinical

study (table 26).

Baseline haematology results
Table 26

n=12 units mean median range normal

range

Haemoglobin Grams/ 129 128 F 117- 115-165 F

(Hb) 1 F
129
M

129 M 143
108-
150

130-180 M

White cell Total xl09/l 6.7 6.5 4.4-9.1 4-11
count (WCC)

Neutrophil (Npl) x 109/l 4.5 4.1 1.5-
10.3

2-7.5

Lymphocyte x 109/l 1.6 1.7 0.7-2.6 1.5-4.0

(Lymph)
Platelets (Pit) x 109/l 222 213 142-

337
150-400
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The majority of patients had haematological indices which were within the normal

ranges. Exceptions to this were as follows. Patient 12 had a haemoglobin value of

108g/l (normal range 130-180) which was not felt to be clinically significant since it

was planned that he would undergo leucapheresis rather than donation of a unit of

peripheral blood. Similarly one patient (patient 9) had a neutrophil count which was

slightly higher than the normal range at 10.3x109/l (normal range 2-7.5x109/l). There

was no evidence of infection clinically and it was not felt to be significant. Three

patients (patients 1, 3 and 12) were lymphopenic at entry to the study with slightly

low lymphocyte counts and one patient (patient 11) had a neutrophil count which was

just below the lower limit of normal at 1.5x109/l. Again these values were not

thought significant and did not preclude further progression within the clinical study.

b) Haemoglobin over follow up

Haemoglobin over trial follow up
Figure 30

Haemoglobin over follow up

initial 24 hours 7 days 14 days

time point

28 days 3 months

Mean haemoglobin at entry to the study was 129g/l (range 108-150, median 128)

with the normal range being 115-165g/l. Mean value at 24 hours post therapy was

117g/l (range 91-162, median 116). Patients 1-6 had been venesected one unit of
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blood for generation of DC between initial measurement and therapy. The mean

haemoglobin pre donation for this group (n=6) was 131.5g/l (range 112-143, median

130.5) and post donation was 112.5g/l (range 98-121, median 115). This equates to a

drop in haemoglobin of 15g/l (11.5% of the initial value) in the group who donated a

unit of peripheral blood for the generation of DC. One of these patients in particular

(patient 3) had a drop in haemoglobin of almost 20 grams per litre from 117g/l prior

to donation to 98g/l 24 hours following the return of the DC. In the group who

underwent leucapheresis (n=6) the mean initial haemogolobin was 126.5 g/l(range

108-150, median 122) and 123.6 g/l(range 91-162, median 119) 24 hours following

therapy. This equates to a drop of only 3g/l (2.4% of the initial value). It is clear that

donation of a single unit of blood has a greater effect on the subsequent haemoglobin

value than leucapheresis, and can be explained by low red cell contamination of the

apheresis product.

c) white cell count

Total white cell count over trial follow up, per patient.
Figure 31

Total white cell count over follow up

initial 24 hours 7 days 14 days

time point

Total white cell count remained within the normal range throughout follow up for all

patients except three. Patient number 12, who had locally recurrent oesophageal



cancer developed an elevated white cell count (mainly neutrophils) at day 14. At this

point he was on high dose dexamethasone and was receiving radiotherapy for a spinal

cord compression, due to local tumour progression. Patient number 2 and number 8

had total white cell counts lower than the normal range at follow up 3 months

following DC therapy. They both had evidence of progressive disease at follow up at

28 days and by 3 months were receiving further cytotoxic therapy, accounting for the

drop in white cell count which was seen, and was mainly due to a fall in the number

of neutrophils (see figure 32)

Neutrophil count, per patient, over trial follow up.
Figure 32

*. 6
a>
3

Neutrophil count over follow up

initial 24 hours 7 days 14 days

time point

The majority of patients had neutrophil counts which remained within the normal

range throughout the trial follow up. Patients 2 and 8 were both noted to be

neutropenic on follow up at day 90 (patient 2 had a neutrophil count of 0.3 xl09/l and

patient 8 a count of Ixl09/1), at which point they were both receiving systemic

chemotherapy for progressive disease. Patient 12 had an elevated neutrophil count a

day 14 of follow up at which time he was receiving high dose dexamethasone for

spinal cord compression which was due to local tumor progression.
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Figure 33
Lymphocyte count, per patient, over trial follow up.

Lymphocyte count over follow up

1 1 1 1 1

initial 24 hours 7 days 14 days 28 days 3 months

time point

The majority of patients had lymphocyte counts within the normal range at entry to

the study, but the number of patients who were noted to be lymphopenic increased as

the trial follow up continued, see figure 34.

Number of patients with a lymphocyte count of less than 1.5g/l at each follow up
point.

Figure 34
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d) Platelet count over follow up

Figure 35
Platelet count, over trial follow up, by patient.
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There were no significant changes in platelet counts over the follow up period, with

all patients having values within the normal range at all times.

e)Summary of haematology over follow up.

The patients who were enrolled in this clinical trial all had advanced cancer and had

received many prior therapies for cancer. Some also went on to receive systemic anti

cancer therapy during the follow up period from this trial. It is not surprising that

some abnormal haematological indices are seen in such patients. It is however

interesting to note that the number of patients who were lymphopenic increased

significantly over the follow up period, and it may be that this is attributable to the

DC therapy especially since the rise began relatively soon post dendritic cell therapy.

Alternatively it could be a reflection of advancing cancer.

4.3.2 Biochemistry

a) Initial biochemistry results
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Baseline biochemistry results, including renal function
Table 27

n=12 units mean range normal range
Sodium (Na) mmol/1 140.9 137-144 135-145
Potassium (K) mmol/1 3.9 3.4-4.3 3.5-5.0
Urea (Ur) mmol/1 4.8 3.4-7.5 3.3-6.6
Creatinine (Cr) mmol/1 75.2 59-101 70-110

There was no significant change in the values of serum sodium, potassium, urea or

creatinine in any of the 12 patients over the three month follow up period (data not

shown).

4.3.3 Liver function tests

a) Baseline liver function tests

These results include some patients whose liver function tests were abnormal at the

time of entry to the study, due to pre-existing liver involvement by malignancy. The

protocol allowed for the entry of patients with liver function tests that were up to two

and a half times the normal value. Patients 2 and 9 had markedly abnormal liver

function tests at entry to the study due to extensive hepatic metastases, and their base

line liver function tests are presented separately in table 29.

Base-line liver function tests, all patients except 2 and 9.

Table 28

n=10 units mean median range normal

range
Lactate dehydrogenase (LDH)
Alanine amino transferase

U/l
U/l

498
25.6

553
21

45-849
14-59

208-508
5-59

(ALT)
Bilirubin (Bili) pmol

/I
U/l
U/l

11.3 12 3-16 3-16

Alkaline phosphatase (AlkP)
Gamma glutamyl transferase

96.7
23.9

92
17

65-151
<5-75

30-140
6-49
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(YGT)
Albumin (Alb) g/1 38.2 37 33-46 35-40

The mean values for patients 1, 3 to 8 and 10 to 12 were within the normal range

across the range of liver function tests performed at the baseline time point (table 28).

Base line liver function tests, patients 2 and 9.

Table 29

n=2 units mean range normal

range
Lactate dehydrogenase (LDH)

Alanine amino transferase

(ALT)
Bilirubin (Bili)

Alkaline phosphatase (AlkP)
Gamma glutamyl transferase
(YGT)
Albumin (Alb)

U/l 1328 666- 208-508
1990

U/l 140.5 139-142 5-59

pmol 10.5 9-12 3-16
/I
U/l 241 236-241 30-140
U/l 388.5 360-417 6-49

l!L 42.5 42-43 35-40

b) Liver function tests over follow up

10 out of 12 patients had normal liver function tests at study entry and throughout the

follow up period. Patients 2 and 9 had abnormal liver function tests at entry due to

progressive liver metastases. The protocol allowed for entry of patients with liver

function tests which were up to two and a half times the upper limit of normal,

allowing patient 2 to enter the study. Patient 9 had some of the panel of liver function

tests recorded which were outside even this extended range, but was allowed to enter

the study on compassionate grounds. There was continuing disturbance of liver

function tests in patients 2 and 9 over follow up and both were shown to have

evidence of progressive disease at day 28.



4.4 Immunological parameters

4.4.1 Complement and circulating immune complexes

a) Initial levels

Baseline levels of complement and circulating immune complexes
Table 30

n=12 units mean median range normal range

C3 g/1 1.3 1.34 0.27-1.84 0.73-1.4

C4 g/1 0.36 0.265 0.21-1.26 0.12-0.30

CIC g/1 0.9 0.63 0.2-1.7 to 1

A high mean value for complement component 3 (C3) was seen due to several

patients (2, 5, 5, 7 and 11) having levels which were just high of the normal

range. The mean value for complement component 4 (C4) at entry to the trial was

outside the normal range due to the levels being increased in patient 3 to a value

of 1,26g/l. All other patients had levels of C4 which were well within the normal

range. The mean value for circulating immune complex levels at entry to the trial

was high due to 3 patients (3, 8 and 12) having levels which were outside of the

normal range.
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b) Follow up levels of complement components C3 and C4

Complement levels over trial follow up, mean values.
Figure 36

Complement levels over follow up (mean values)
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The mean value of complement component C3 at all points within the trial follow up

was towards the upper limit of normal. There were no significant change in the mean

value of complement component C3 over the period of trial follow up. Similarly for

complement component C4 there was no significant change in the mean value over

the period of trial follow up. The apparent increase in the levels of C4 at day 14 was

due to one patient (patient 9), who had an elevated level of 6.31 g/1, and if this is

removed from the analysis then there is no change in the mean value at day 14

compared to the other days of follow up. It should be noted that levels of C3 and C4

complement, which are produced by macrophages and hepatocytes, fall during

inflammatory processes as the complement pathway is activated, implying that there

was no active inflammation seen in these patients following DC therapy.
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c) Follow up levels of circulating immune complexes

Levels of circulating immune complexes over follow up.

Figure 37

There was no significant change in the mean level of circulating immune complexes

over the period of trial follow up.

4.4.2 Serum Immunoglobulins

a) Initial immunoglobulin results

Baseline serum immunoglobulins
Table 31

n=l 1 units mean median range normal range

Immunoglobulin A (IgA) g/1 2.2 1.71 1.4-5.6 0.5-4.0 g/1
Immunoglobulin G (IgG) g/1 8.3 7.95 3.2-14.5 5.0-13.0 g/1
Immunoglobulin M (IgM) g/1 0.97 0.75 0.36-2.55 0.36-1.92 g/1

The mean and median values for all three serum immunoglobulin (IgA, IgG and IgM)

were within the normal range at entry to the trial.
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b) Follow up immunoglobulin results

Serum immunoglobulins over trial follow up, mean values.
Figure 38

Serum Immunoglobulins over follow up (mean values, n=11)
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Levels of immunoglobulins were not assessed at day 14. The mean value at each

follow up point remained within the normal range for all 3 immunoglobulins at all of

the time points tested, and there were no significant changes seen over the period of

trial follow up. IgM is the first immunoglobulin synthesised in response to blood

borne infection. IgG levels rise later in response to infection with soluble antigens.

IgA is predominantly synthesised sub-mucosally and is therefore affected more than

the other immunoglobulins when there is involvement of the gastrointestinal and

respiratory tracts.

4.4.3 C-reactive protein

a) Initial levels of C Reactive Protein (CRP)

Baseline levels of C reactive protein
Table 32

n=8 units mean median range normal range

CRP mg/dl 1.1 0.7 <0.7-1.8 0-1
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C reactive protein is an acute phase protein that is often elevated in inflammatory

settings, although it is relatively non-specific. The lower limit of detection for this

assay at the Western General Hospital is <0.7. For the purposes of analysis where

this value was given as a result then it has been adjusted to 0.7. The mean value at

entry to the trial was just outside the normal range at 1.1 (median 0.7).

b) CRP over follow up

C-reactive protein values over follow up period.
Figure 39

CRP over follow up, median values
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There were no significant changes seen in the median level of CRP over the follow up

period.
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4.4.4 Skin tests

a) Initial skin test results - patients

Screening Tuberculin Purified Protein Derivative (PPD) tests were performed on 11

of the 12 patients recruited. Patient number 4 was excluded from this testing due to a

history of anaphylaxis and allergy to vaccines. Therefore 11 patients had initial tests

performed. Unfortunately due to a supply problem from the manufacturer one

patient, number 7, had to receive one tenth of the dose that was used for all the other

patients as these were the only vials available at that time. The standard test dose

otherwise was 10 tuberculin units (10TU) of lOOu/ml product (Tuberculin Purified

Protien Derivative, Medeva Pharma Ltd, Regent Park, Leatherhead, KT22 7PQ,

England) given by intradermal injection in a volume of 0.1ml. Patient number 7

received ITU intra-dermally in 0.1ml for her initial test and all follow up tests. After

the intradermal injection had been given the result was read 48 hours later and the

maximum diameter of induration or erythema was measured in millimeters. A

grading system also exists for the responses generated, detailed below.

Conversion table for grading of PPD response

Table 33

Result (mm) Grade (0-IV)
0-4
5-9
10-14
15-19
>20

0
1
II
III
IV

From Oxford Handbook of Clinical Medicine, 3rd Edition
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The following table describes the response generated by each patient when they were

initially tested at the time of trial entry.

Initial PPD test results

Table 34

Patient number
Dose (TU) Result (mm) Result (grade I-IV) Previously

vaccinated?

1 10 0 0 Y
2 10 0 0 Y
3 10 0 0 N/K
5 10 12 II Y
6 10 130 IV N(immune)
7 1 0 0 Y
8 10 7 I Y
9 10 0 0 N
10 10 0 0 Y
11 10 10 II Y
12 10 10 II N/K

Three of seven previously vaccinated patients mounted a recall response on retesting

prior to DC therapy. Patient number 6, though not known to have previously had

tuberculosis, had been exposed to tuberculosis as a child when her brother had had it.

Patient number 6 had a very marked reaction, which caused some discomfort and

required the application of 1 % hydrocortisone cream to help settle the inflammation

which had occurred at the site. It was decided that this should not be repeated in her,

representing a deviation from the protocol.

b) Control PPD results - initial

A panel of 5 normal volunteers were also tested, the initial response recorded and the

test repeated 14 days later. The dose used for the testing of these normal volunteers

was also 10TU.



Initial PPD test results - controls
Table 35

Control Dose Result Result (grade I- Previously
number (TU) (mm) IV) vaccinated?
1 10 14 III Y

2 10 20 IV Y

3 10 12 II Y

4 10 22 IV Y

5 10 20 IV Y

All the controls who were tested had previously received the BCG vaccination, and

all mounted a recall response to PPD testing.

c) Patients PPD responses following DC therapy

Analysis of tests performed in patients prior to harvest of mononuclear cells and 14

days after the DC were returned are as follows;

Patients PPD responses pre and post therapy
Figure 40

50

E 40

t 30
0

1 20
I 10

0

A significant increase in the PPD test values is seen in patients (p=0.03, students t

test), who had received DC therapy.

d) Control PPD responses - repeated 14 days following the
initial test

PPD testing, patients (n=9)

time point

1

2

3

5

7

8

9

10

11



A panel of normal volunteers was also tested twice at 14 day intervals and the results

are as follows.

Control PPD responses, tests performed 14 days apart
Figure 41

PPD testing, normal voulunteers (n=5)

Controls were tested over the same time interval, but did not receive any DC, and

showed no significant increase in PPD responses when their tests were repeated over

the same time interval (p=0.13, students t test). The product information from the

company who produce the PPD used for the testing in this trial indicates that repeated

testing might cause an increased response to be generated, but this was not the case

for the controls tested here.

4.4.5 Summary of immunological parameters

There were no significant changes in the levels of C3 and C4 complement

components in patients following DC therapy. Neither was there a change in the

levels of circulating immune complexes, immunoglobulins or C reactive protein.

Patients showed increased reactivity to recall antigen testing with PPD following DC

therapy, which was not seen in a panel of controls that also underwent repeated

testing, but had not received DC therapy.
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4.5 Clinical parameters

4.5.1 Toxicity - possibly related to treatment

The following table details the toxicities reported by trial patients which were

potentially attributable to therapy. Pre-existing tumour related symptoms which did

not change over follow up are not given.

Toxicities reported which were possibly related to treatment
Table 36

pt no. CTC grade 1 duration CTC grade2 duration
1

2
3

5
6
7
8
9
10
11
12

fatigue
runny nose

fever

pain at injection site
chills

fatigue
wtloss
Hb 105

fatigue
fatigue
fatigue

?fever

dry throat

pain at site
sweating

3 days
1 day

recorded once

4 days
1 day
28 days

14 days
7 days
14 days
3 months

1 night
24 hours

24 hours
24 hours

Hb 9.8

myalgia
fatigue

3 months
2 days
2 days

fatigue 14 days

There were no grade 3 or 4 toxicities noted. As 4 of the first 6 patients had reported

fatigue, from patient 7 onwards the overnight stay for observation was omitted, in

case this was attributable to spending a night in a busy oncology ward. Patient 7

reported fatigue prior to entry into this trial which persisted throughout the period of

follow up although it was worse for 14 days following the return of the DC. Two

patients (3 and 4) became anaemic following donation of a unit of blood for DC
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generation. Although it was asymptomatic and did not require any other therapy, it

took up to 3 months to resolve (patient 3). Other symptoms were noted by some

patients (not shown), and pre-dated the DC therapy or were due to disease

progression and not attributable to therapy.

4.5.2 Clinical Response data

Complete data is only available for 10 of the 12 patients. Patient number 9 was too

unwell to attend for assessment at day 90 and patient 12 after day 14. Patient number

12 became too unwell to follow up, having developed spinal cord compression

leading to paraplegia 14 days after the return of his DC. This was due to local

compression of the spinal cord by recurrent disease at the gastro-oesophageal junction

extending posteriorly.

Clinical response assessments
Table 37

Patient Assessable site Method of 28 days 3
number assessment months

(n=12)
1 Mediastinal disease CT scan chest SD PD
2 Liver metastases CT scan abdomen PD
3 Chest wall disease Clinical

photographs
SD PD

4 Supraclavicular fossa
nodes

Clinical
measurements

PD

5 Lung metastases Chest X-ray SD PD
6 Lung metastases CT scan

chest/abdomen
PD

7 Chest wall disease Clinical
measurements

SD PD

8 Pleural disease Chest X-ray PD
9 Liver metastases CEA, CT scan

abdomen
PD

10 Rising Cal25 Cal25, CT scan

abdomen/pelvis
PD

11 Ascites/pleural effusion CT scan

abdomen/pelvis
PD

12 Anastomotic site

proximal 1/3 oesophagus
CT scan

chest/abdomen
N/A
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At 28 days of follow up 4 patients were shown to have stable disease (patients 1, 3, 5

and 7), one after prior progression (patient 5).

Chest x-ray series, patient 5

Figure 42a

Several weeks prior to study entry
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Figure 42 b

At study entry, showing increasing size of the left pulmonary opacities.
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Figure 42c

At day 28 of follow up, showing stable size of left pulmonary opacities.

The chest x-ray series above is from patient 5, and shows her chest x-ray several

weeks prior to study entry, at study entry, with progression of disease evident and at

28 days of follow up when the disease seen appears to be stable.

By 90 days all of these previously stable patients had shown progression of their

disease, as would be expected for a group of similar patients with advanced cancer

who were not receiving any therapy.



4.5.3 Tumour markers over follow up

9 of the 12 patients enrolled in the trial had breast cancer and assessment of the

tumour markers CEA and CA15-3 was made in 8 of these patients.

Figure 43
Tumour markers and serum MUC-1 levels over follow up
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Different scales are shown for the Y axis as changes in some cases are very small,
and it is the change over time which is important rather than the actual values.
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Changes in the levels of serum tumour markers were seen in some of the patients.

Patients 1, 3, 5 and 7, who all showed evidence of stable disease at 28 days from the

return of DC, showed little change in the levels of their markers over this period. By

day 90 all of these patients with the exception of patient 3 can be seen to have

increasing marker levels, following the clinical situation. Similarly the breast cancer

patients who had clinical and radiological evidence of progressive disease (this

included patients 2, 4, 6 and 8) at both clinical response assessment points (day 28

and 90) during the trial had levels of tumour markers which followed this. Serum

MUC-1 levels were also measured in patients number 1 to 8. They can be seen to

reflect changes in the CA15-3 tumour marker levels in the patients tested.

4.5.4 Further follow up

Several patients who were included in this trial went on to receive further therapy for

progressive disease, either conventional therapy (chemotherapy or radiotherapy) or

more trial agents (*).
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Table 38

Patient number (n=12) Further progress Status at 09/01

1 Chemotherapy, 3 further regimens
Herceptin
rHCG*

Died 20/03/01

2 Chemotherapy, 2 further regimens
Hormonal therapy, 1 further line

Died 23/06/01

3 Died 4 months later- no further anticancer

therapy
Died 24/03/00

4 Chemotherapy, 2 further regimens
Radiotherapy to skin/nodal disease
Herceptin

Died 17/08/00

5

6

Chemotherapy, 2 further regimens
Radiotherapy to axilla for brachial plexus
disease

Chemotherapy, one further regimen

Died 05/06/01

Died 17/05/00

7

8

Chemotherapy, 2 further regimens

Chemotherapy, 2 further regimens
Radiotherapy to painful involved ribs

Alive,
progressive
chest wall
disease

Alive, on oral
chemotherapy

9 Further DC's given (off protocol) Died, 18/05/01

10 Radiotherapy to painful groin node
Chemotherapy one line

Alive, on

chemotherapy

11 No further systemic therapy Died 04/03/01

12 Radiotherapy for spinal cord compression,
no further systemic therapy

Died 28/03/01

Further progress after trial follow up complete
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The majority of patients involved in this trial have now died, most from progressive

malignancy. Patients 7, 8 and 10 remain alive, and are receiving further therapy for

their malignant disease.

4.5.5 Summary of clinical results.

Twelve patients received autologous MUC-1 pulsed dendritic cells within this phase

one clinical trial. The number of DC which were generated was significantly

increased by changing the method of collection of the starting PBMC from donation

of a unit of peripheral blood to a single leucapheresis. In addition to this there was a

lesser effect on haemoglobin when the method of collection was changed (as would

be expected). Patients received their therapy without undue toxicity. Complete

follow up was possible for 10 of the 12 patients recruited. Two patients became too

unwell to attend for follow up assessment due to progressive cancer. Four of 11

assessable patients were shown to have stable disease at 28 days following therapy,

one after prior progression, and all were shown to have progressive malignancy at day

90.
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CHAPTER 5 - Immunological follow up

5.1 Sample Collection

According to the trial protocol (see appendix 1) patients donated 30 mis of blood for

immunological assays at entry to the clinical trial and at 7, 14, 28 and 90 days after

the return of DC. Not all patients were able to complete the scheduled follow up of

three months for clinical reasons. Table 39 indicates which patients donated blood

for immunological analysis at each of the scheduled follow up points.

Patients who donated blood for immunological analysis at each of the follow up

points
Table 39
Patient
number

Cumulative

dose(xlO6
CDla+ /kg)

Dose
level

Initial Day
7

Day
14

Day
28

Day
90

1 0.075 1 ~T~ V V V V
2 0.075 1 ~T~ V V V V
3 0.075 1 V V V V V
4 0.125 2 V V V V V
5 0.125 2 T~ V V V V
6 0.125 2 T~ V V V V
7 0.125 2 V V V V V
8 0.25 3 V V V V V
9 0.25 3 V V V V X
10 0.25 3 T~ V V V V
11 0.5 n/a V V V V V
12 1.0 n/a V V X X

For the purposes of analysis patients were divided into dose bands. Dose level one

consisted of patients 1, 2 and 3, dose level 2 patients 4 to 7 inclusive and dose level 3

patients 8, 9 and 10. Only one patient each was treated at each of the two highest

levels and they have been excluded from any analysis based on dose levels.

203



The chapter which follows details the results of the immunological assays which were

performed. Section 5.2 summarises the results from T cell proliferation assays, and

details the results from patient 9 who received 2 doses of DC 4 weeks apart. Section

5.3 summarises the results from flow cytometric analysis, and detail is given of the

numbers of cells and the subsets seen (B, and T cell) after PBMC were cultured in the

presence of each of ConA, PHA, PPD and MUC-1. Where results are shown for

"control" these relate to normal volunteers.
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5.2 Proliferation

The proliferative responses of patient PBMC to stimulation in vitro with mitogens

ConA and PHA, and the recall antigen PPD were analysed at entry to the clinical trial

and throughout the follow up period. In addition specific proliferative responses to

BLP-25 were assessed pre and post DC vaccination. Assays were performed using

fresh PBMC both in culture media supplemented with human AB serum and that

supplemented with autologous plasma. Assays were performed at the times detailed

in Table 17. For patients 8 to 12 inclusive, proliferation in response to liposomes

which did not contain the MUC-1 peptide was also analysed, as was proliferation to

autologous DC pulsed with BLP-25 or empty liposomes. Proliferation data is

represented for each stimulant minus background incorporation. Two batches of

thymidine were used during this study which had significantly different specific

activities. Therefore incorporation data has been represented as a percentage of

relative control incorporation. The original data is included in the appendices (see

appendix 8).
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5.2.1 Summary of Proliferation Data

Table 40

Increased mean AB vs. Blood Dose level

responses at AP donation vs.

dl4 (n) apheresis
Con A 7/12 4/12 Trend to Increase NS Increase in

ABS AP increase at

d 14 (NS)
in ABS at

dl4
level 3 vs.

level 1 at d28
in ABS

(p<0.05)
PHA 6/12 4/12 Trend to Increase NS Increase in

ABS AP increase at

dl4 (NS)
in ABS at

dl4
level 2 vs.

level 1 at d28
in ABS

(p<0.05)
PPD 7/12 5/12 Increase in Increase NS Increase in

ABS AP ABS at d28

(p<0.05)
in ABS at

d7
level 2 vs.

level 1 at d7
in ABS and
AP

No significant difference between skin test responders and non
responders

MUC-1 5/12
ABS

6/12
AP

NS NS Increase at

d90 in

apheresis
patients
(p<0.05)

NS

BLP-25 Trend to

increase at

d7 in ABS

(NS)
Autologous Trend to

DC increase at

dl4 in ABS

(NS)
ABS- AB serum, AP - autologous plasma, NS - non significant
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5.2.2 Con A

Mean ConA proliferation as a percentage of control proliferation in AB serum
and autologous plasma

Figure 44

Mean ConA proliferation as percent of control
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p<0.05 (paired t test), day 14, between AB serum and plasma.

Over follow up 7 of 12 patients had an increase in their response compared to control

at day 14 in AB serum compared to 4 of 12 patients in autologous plasma, suggesting

the presence of a suppressive factor in autologous plasma. There was an apparent

trend to an initial increase in the mean response to ConA in AB serum over time with

the peak at day 14, which fell over time to less than the original level by day 90

(figure 44), Thhis reached a peak at day 14 but the observed changes are not

statistically significant.

ConA responses by DC dose level, AB serum
Figure 45
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*p<0.05 (unpaired t test), day 28, dose level 1 vs. dose level 3

Figure 45 shows the mean Con A response in AB serum for the patients treated at

each dose level. There is an increase in the responses with increasing DC dose

administered. This is statistically significant between the patients treated at dose

level 1 and dose level 3 at day 28 (figure 45) although the relevance of this is

uncertain as the base line values for dose levels 1 and 3 are different.

5.2.3 Responses to PHA

Six patients had an increased response at day 14 when the culture was performed in

the presence of AB serum compared to only four patients having an increased

response at the same time point when the culture was performed in the presence of

autologous plasma, suggesting the possible presence of a factor suppressing the PHA

response in autologous plasma.
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Mean PHA response, as a percentage of the control response, AB serum and
autologous plasma

Figure 46

Mean PHA response, as percent of control response

screen d7 d14 d28 d90

p<0.05 (paired t test), day 14

There was a non significant trend to increased proliferation in AB serum at day 14

(figure 46) with a significantly higher response in AB serum compared to autologous

plasma at day 14, again suggesting the presence of a suppressive factor in autologous

plasma. Patients treated at dose level 2 had a significantly increased PHA response at

day 28 in AB serum compared to those treated at the lower dose (figure 47). This

effect is not seen with dose level 3.

Association between DC dose and PHA response in AB serum
Figure 47
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5.2.4 PPD responses

a) Proliferation in response to PPD

Seven patients had increased responses at day 14 in AB serum compared to the start

of the trial and 5 patients in autologous plasma.

Mean PPD response as a percentage of the control response in AB serum and
autologous plasma

Figure 48

Mean PPD response
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p<0.05 (paired t test) between the response in AB serum and the response in
autologous plasma at entry to the trial and at day 7 of follow up.

Figure 48 shows the mean PPD response as a percentage of the control response in

both AB serum and plasma. There was a non significant trend to an increase in the

mean PPD response in AB serum, reaching a peak at day 28, which then fell to the

pre treatment level by day 90 of follow up. There was a significantly reduced

response in AB serum compared to autologous plasma at entry to the trial and at day

7 of follow up, which did not persist over follow up.
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When the mean PPD proliferative response of patients treated at the different dose

levels is compared there was a significant increase in the response generated in both

AB serum and autologous plasma in patients treated at higher dose levels at day 7 of

the follow up compared to those patients treated at the lower dose levels (see figure

49).

Figure 49
PPD responses by DC dose level

PPD response in AB serum, by dose level
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p<0.05 (unpaired t test) for dose level 1 vs. dose level 2 and dose level 1 vs. dose
level 3 at day 7 in AB serum

212



PPD response in Autologous plasma, by dose level

200

180

160

140

120

100

80

60

40

20

0

□ dose level 1

■ dose level 2

□ dose level 3

screen d7 d14 d28 d90

p<0.05 (unpaired t test) for dose level 1 vs. dose level 2 at day 7 in autologous plasma
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d) Correlation of skin testing and proliferation responses to PPD.

As detailed in the chapter of clinical results, 9 of the patients enrolled in this trial had

skin testing for PPD performed at entry to the trial and at day 14 of follow up. Of the

9 patients who had an increase in their skin test at day 14 only 4 were also found to

have an increase in their T cell proliferation response to PPD at day 14 in AB serum

and only 3 in autologous plasma. There were no significant differences in

proliferation responses to PPD between skin test responders and non responders.

5.2.5 Specific proliferation in response to MUC-1 peptide

In AB serum 5 patients showed increased responses at day 14 compared to trial entry,

and in autologous plasma the same was true for 6. There were no significant changes

in the mean MUC-1 proliferation over time in either AB serum or autologous plasma,

nor was there a difference between the responses in AB serum or autologous plasma

(data not shown). Patients who donated a single unit of blood for the generation of

DC had a significantly greater MUC-1 response at day 90 than those patients who

underwent a single apheresis (figure 50).
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Comparison of the mean MUC-1 response in patients undergoing donation of a
blood pack for the generation of DC and patients undergoing a single apheresis

Figure 50

Mean MUC-1 response in AB serum, according to method used to
obtain PBMC
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MUC-1 response is presented as a percentage of the control response.
p<0.05 (paired t test) at day 90.

As this represents a difference 3 months after the procedure was performed, and there

is no significant difference at earlier time points it is unlikely that the difference in

MUC-1 response is related to the procedure and may be due to some other factor such

as the dose of DC received as patients undergoing apheresis were later in the study, so

had increased doses. However, there were no significant differences in the mean

MUC-1 responses in either AB serum or autologous plasma between those groups of

patients who were treated with different doses of DC (data not shown). Negative

values are obtained at some time points for the mean MUC-1 response as the value

used is that generated after subtraction of the cpm due to background. Often the

value for MUC-1 was so low that when the background was subtracted a negative

value was obtained.
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5.2.6 Proliferation to BLP-25

Patient T cell proliferation in response to empty liposomes and MUC-1 pulsed

liposomes (BLP-25) was performed in the presence of AB serum for patients 9, 10,

11 and 12. Complete follow up data was only available for patients 10 and 11.

Patient 9 being too unwell to attend for follow up at day 90 and patient 12 after day

14. Empty liposomes were included to try to account for the apparent toxicity of the

liposomes which had been shown in work performed by others prior to this trial (data

not included in this thesis).
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Mean specific MUC-1 proliferation, thymidine incorporation
Figure 51

Mean specific MUC-1 proliferation after subtraction of proliferation due to
liposomes alone
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Figure 51 above shows the mean thymidine incorporation for patient PBMC cultured

in the presence of BLP-25. The four patients whose samples were involved in this

assay had all their assay's performed with the same batch of thymidine. There is a

non significant trend to an increase in the mean specific MUC-1 proliferation

(presented as counts per minute for thymidine incorporation) following DC therapy

followed by a decrease over time.

5.2.7 Proliferation in response to autologous DC pulsed with empty
liposomes compared to autologous DC pulsed with BLP-25.

This was performed on samples obtained from patients 9 to 12 inclusive, and all

cultures were performed in the presence of AB serum. Autologous pulsed DC were

used in an attempt to increase the sensitivity of the BLP-25 response by

circumventing the toxicity of free liposomes and to utilise the stimulatory capacity of

peptide loaded DC for in vitro presentation.

Mean MUC-1 specific proliferation to autologous DC
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Figure 52

Mean MUC-1 specific proliferation to autologous DC
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Patients 9-12.

Mean control value generated from normal volunteer proliferations obtained from all
experiments at all time points.

Mean thymidine incorporation of PBMC stimulated with autologous DC pulsed with
BLP-25 minus that from PBMC stimulated with autologous DC pulsed with empty

liposomes.

Figure 52 shows the mean result for all patients at each of the follow up points, and a

mean value for controls obtained from all the assays performed at all time points.

Pooled data is used for the controls to reduce variability between control values.

There is a non significant trend to an increase in the mean value for the patients over

time which falls at day 28.

5.2.8 Patient 5

Prior to involvement in this trial patient number 5 had been enrolled in a phase 3

clinical trial ("Theratope®") where patients were randomised to receive vaccination

with either a non specific immune adjuvant (detox B) or the STn carbohydrate moiety
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of MUC-1. The trial was randomised and double blind so it is not known which of

these two arms patient number 5 received. It is however possible that prior to the

current study she had received vaccination with a component of MUC-1. There were

no significant differences in proliferation responses to ConA, PHA, PPD or MUC-1

in either AB serum or autologous plasma between patient 5 and the other trial patients

(data not shown).

5.2.9 Patient 9

Patient 9 received a second dose of DC 28 days after his first dose at his request

having been found to have progressive disease and being unsuitable for further

systemic therapy and in-eligible for other clinical trials. The DC which were

administered for the second injection had been cryopreserved. Follow up was

performed 7, 14 and 28 days after his second injection, and blood was taken for

immunological monitoring 14 and 28 days after his second injection. He received no

further conventional anti cancer therapy after either of the DC injections. He was too

unwell to attend for further follow up 90 days after his first injection.

Proliferation responses were assessed in the presence of AB serum and autologous

plasma as before. Figure 53 a and b show the differences in responses generated at

14 (a) and 28 (b) days after each injection of DC when the assays were performed in

AB serum. Figure 53 c and d shows the same data for when the assays were

performed in autologous plasma. All results are presented as the mean experimental

value minus the mean background value, and then this is presented as a percentage of

the control response generated at each of the time points tested.
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a) Proliferation to mitogens and recall antigens.

Patient number 9 proliferation responses

Figure 53
Patient 9 proliferation responses in AB

serum, day 14
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Proliferation responses expressed as a percentage of the control response 14 and 28
days after primary and secondary inoculation of autologous DC. Panels a and b show

responses in the presence of AB serum at day 14 and day 28 respectively, panels c
and d in the presence of autologous plasma.

Proliferation to the mitogens Con A and PHA was slightly higher after the second

injection when the cultures were performed in the presence of autologous plasma, and

was lower after the second injection when the cultures were performed in AB serum.

Proliferation to PPD was lower after the second injection in all cases other than at 28

days after the second injection in the presence of autologous plasma when it was the

same, but overall the responses were at a low level in PPD.

b) Proliferation to MUC-1 over time.
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Figure 54 shows the MUC-1 proliferation presented as a percentage of the control

MUC-1 proliferation for PBMC derived from patient 9, and incorporates the whole of

the follow up period for this patient.

Patient 9 MUC-1 proliferation over time
Figure 54
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MUC-1 proliferation response of patient 9 as a percentage of the normal volunteer
response in both autologous plasma and AB serum.

The MUC-1 proliferation in AB serum peaks 7 days after the first injection and falls

off subsequently (figure 54). That in autologous plasma peaks at day 7 with a fall to

the lowest level 28 days after the first injection before increasing to a maximum

response at day 28 after the second injection, indicating that a second injection of

MUC-1 pulsed DC may re-stimulate a previous response in autologous plasma at

least.

e) Proliferation specific to MUC-1 peptide

To establish the influence of the lipid component of the liposomal preparation of

MUC-1 proliferation assays were also established in parallel with autologous PBMC

and empty liposomes.

MUC-1 specific proliferation, patient 9
Figure 55
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MUC-1 specific proliferation, patient 9
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Proliferation of autologous PBMC to MUC-1 liposomes, minus that to liposomes
alone in AB serum. Patient 9 and mean of the control values.

Figure 55 shows that a second injection of DC is associated with a reduction in the

amount of proliferation which was specific to MUC-1 peptide alone (i.e. after the

subtraction of the value obtained for autologous proliferation to empty liposomes).

This indicates that the possible beneficial effect of a second injection seen in the

previous figure may be due to the lipid component of the liposome rather than the

MUC-1 peptide.

f) Response to pulsed DC

Figure 56 shows actual thymidine incorporation values for proliferation of autologous

PBMC to autologous DC pulsed with BLP-25 minus proliferation of autologous

PBMC to autologous DC pulsed with empty liposomes. Data is shown for patient 9

and there is a representative mean data point for normal volunteer samples.

Proliferation specific to BLP-25 pulsed DC, patient 9.
Figure 56
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Proliferation specific to BLP-25 pulsed DC, patient 9

2500

2000

'■£ 1500
k_

o
Q.

8 1000

CO

* 500
o.
o

-500 J

initial

□ patient 9
■ control

d7 d14 d28 2d14 2d28

Proliferation responses (thymidine incorporation values) of patient 9 and the mean of
controls in AB serum to autologous DC pulsed with BLP-25 minus proliferation to

autologous DC pulsed with empty liposomes.

Following the first DC injection there is a marked increase in proliferation of PBMC

from patient 9, which is significantly greater than that of the control. This then falls,

but is re stimulated to a lesser extent by a second injection of DC, again indicating

that a second injection might not be beneficial.

5.2.10 Summary of proliferation data.

Following DC therapy around 50% of patients showed evidence of increased

proliferation responses to mitogens, recall antigens and MUC-1, and more patients

had an increased response when the cultures were performed in the presence of AB

serum, suggesting the presence of a suppressive factor within autologous plasma.

Further support for this was seen from the mean proliferation values which were

significantly increased post therapy for ConA, PHA and PPD cultures in the presence
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of AB serum. An increased dose of DC appeared to be associated with an increased

response to mitogens and recall antigen, but had no influence on the MUC-1

responses. The addition of autologous pulsed DC to the cultures (in patients 9-12)

was associated with a non significant trend to an increase in proliferation in AB

serum at day 14. Patients 9 had a second injection of DC some 28 days after his

primary injection, and there was some evidence to suggest that this was associated

with a restimulation of a prior response in autologous plasma at least.

5.3 Flow cytometry

Prior to cell harvest for DC generation and throughout the follow up period the

phenotype and activation state of freshly isolated PBMC from patients and controls

was analysed by flow cytometry. Freshly isolated PBMC were also co-cultured with

various mitogens and recall antigens including MUC-1. All cultures were

supplemented with AB serum. Unstimulated cultures were also performed as a

control where cells were maintained in culture media alone supplemented with AB

serum for the same period. All cultures commenced with the same number of cells.

Cultures were established using fresh PBMC at each of the follow up time points.

Parallel cultures were established using PBMC obtained from normal donors. The

values for controls do not vary significantly over time and their results are presented

as a single mean point with standard deviations. Results are presented as the mean

value obtained from the patients at each of the time points after deduction of the mean

value obtained from the unstimulated cultures. Analysis included comparison of

groups who had donated a unit of peripheral blood with that group of patients who

had undergone leucapheresis, as well as those treated at different dose levels. The



table (table 41) which follows summarises the FACS results, a selection of which are

presented individually in the remainder of this section.
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Cell
no

Resting cells

Activated cells

CD19

CD19/ 45RO

CD3

CD3/ 45RO

CD4

CD4/ 45RO

CD4/
25

CD4/ DR

CD8

CD8/ 45RO

CD8/
25

CD8/ DR

CD4:CD8

Culture Media

Ptvs. control

d7, 28, 90

<17,
28,90

Trendto _

_d7.28,90

d7,
28,90

screen

Over time

Trend
to

Trendto _

BPvs. Leuc Dose levels

ConA

Ptvs. control

dl4

d7,28,
90

screen

screen

Over time

Trendto _

_dl4

_dl4

Trendto

BPvs. Leuc

_BP screen

_BP screen

Dose levels

PHA

Ptvs. control

d90

screen,
28,90

screen, d7,14, 90

screen, d7,14, 90

d90

_

Over time

_d90

_d7

_d7

d7,
28

BPvs. Leuc

_d90

_d90

_d90

_d90

Dose levels

d28

lv2d7,
lv3dl4, 2v3d90

_lv3d28

lv3
d28

lv3
d28

lv3 d28, 2v3 d90

2v3
d90

Iv3 d28

lv3 d28, 90

Iv3 d90

Iv3 d28
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Cell
no

Resting cells

Activated cells

CD19

CD19/ 45RO

CD3

CD3/ 45RO

CD4

CD4/ 45RO

CD4/
25

CD4/ DR

CD8

CD8/ 45RO

CD8/
25

CD8/ DR

CD4:CD8

PPD

Ptvs. control

d90

Over time

_d28

_d28

BPvs. Leuc Dose levels

Iv3 d28

2v3,2vl
d7

lv2
dl4

_lv3d28

lv3
d28

lv3
d28

lv3
d28

lv2
d7

Iv3 d7

lv3
d90

lv3
d90

Iv2 d7

MUC-1

Pt vs. control

d28

Trendto

Over time BPvs. Leuc Dose levels

lv3
d28

Trend
to

lv3

Table41

SummaryofFACSResults
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5.3.1 Culture medium alone,

a) Cell numbers

Mean cell number harvested, culture media alone
Figure 57

Mean cell number harvested, CM alone

2

1.8

1.6

screen DC+7 DC+14 DC+28 DC+90

Mean number of cells harvested after 7 days in culture media alone
p<0.05 (t test, 2 tailed) between patient and control at days 7, 28 and 90.

In general patients had fewer cells harvested from their cultures than controls (figure

57) but there were no differences within the patient group over time. A greater

percentage of those cells had features consistent with activated lymphocytes (figure

58), although the differences over time were not significant (figure 59).

Characteristics of resting and activated lymphocytes
Figure 58
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Figure 59

Flow cytometry dot plots of forward scatter (FSC) versus side scatter (SSC)
properties of resting (left) and activated (right) lymphocytes.

Percentage of cells activated, culture media alone

x

Percentage of cells activated, CM alone

r————

zp

L - it—I ■i-

a patient
■ control

DC+28 DC+90

Mean percentage of harvested cells with FSC and SSC characteristics of activated
lymphocytes after 7 days

b) T cells

Mean number of CD3 and CD3/CD45RO T cells, culture media alone
Figure 60
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Mean number of CD3+ and CD3+/CD45 RO+ lymphocytes
in culture medium alone

* * * *

I 11 5
JIt 1 T 1 1 _ l
ail 1 n ft r
screen DC+7 DC+14 DC+28 DC+90

□ CD3 patient ■ CD3/CD45 patient ■ CD3control □ CD3/CD45 control

Mean number of CD3+ T lymphocytes and activated CD45RO+/CD3+ T
lymphocytes in patients over follow up and in controls.

p<0.05 (t test, 2 tailed) for CD3+ lymphocytes between patients and controls at
screen, day7, 28 and 90.

Patients had significantly fewer CD3 staining cells than controls at entry, day 7, 28

and 90, but there was no increase in the mean number of these cells within patients

over time.

The mean number of CD4+ lymphocytes was significantly lower in patients than in

controls at entry to the trial and at days 7, 28 and 90 of follow up (figure 61). There

was no significant change over time.

Mean number of CD4+ T lymphocytes
Figure 61
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Mean CD4 cells over time

° patient
m control

Mean number of T lymphocytes detected in cultures of control and patient PBMC
following 7 days incubation with culture medium alone throughout the trial

expressing CD4.
p<0.05 (t test, 2 tailed), between patient and control at screen, day7, 28 and 90.

The mean number of CD4+/CD45RO+ co-expressing, CD4+/CD25+ co-expressing

and CD4+/HLA DR co-expressing cells was not significantly different between

patients and controls at any point over the follow up (figure 61). There were no

significant differences between the mean values obtained for the patients in any of the

various CD4+ cell populations studied at any time point.

Patients had significantly lower numbers of CD8 lymphocytes than the control at

entry to the clinical trial. This had disappeared following the DC injection (figure

62).
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Mean number of CD8+ lymphocytes, culture media alone
Figure 62

Mean CD8 cells over time, CM alone

0.45

0.4

0.35

0.3
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0.2

0.15

0.1

0.05

3 patient
■ control |

screen DC+7 DC+14 DC+28 DC+90

Mean number of T lymphocytes detected in cultures of control and patient PBMC
following 7 days incubation with culture medium alone throughout the trial

expressing CD8.
p<0.05 (t test, 2 tailed), panel a, between patient and control at screen.

5.3.2 ConA

a) Cell numbers

Mean number of cells harvested, ConA stimulated cultures
Figure 63

0>
o

ID
o
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1.500

1.000

0.500

0.000

Mean cell number harvested, ConA

□ patient
■ control

DC+7 DC+14 DC+28 DC+90

Mean number of cells harvested after 3 days incubation in ConA
p<0.05 (t test, 2 tailed), between patient and control at day 14

The mean number of cells harvested was consistently lower in patients than the

control value, although there was only a statistically significant difference between

the patients and the controls at day 14 (figure 63).
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Mean percentage of activated lymphocytes after 3 days incubation in ConA
Figure 64

3
Mean percentage of activated cells, ConA

d patient
■ control

DC+14 DC+28 DC+90

Mean percentage of harvested cells with FSC and SSC characteristics of activated
lymphocytes after 3 days incubation in ConA

p<0.05 (t test, 2 tailed) between patient and control at screen, day 7, 28 and 90

Patients had fewer activated cells harvested from the ConA containing cultures at all

time points than controls with the difference being significant at screen, day 7, 28 and

90. There was a decrease in the mean percentage of total cells harvested which were

activated over time in patients, but this was not significant.

233



B cells

Figure 65 shows the number of B cells harvested after 3 days culture in the presence

of ConA.

CD19 mean, ConA stimulated cultures
Figure 65

CD19 mean, ConA
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Mean number of CD 19 positive cells after 3 days incubation in ConA, patient mean
and control mean

p<0.05 (paired t test) for patients between screen and day 14

Patients had significantly more CD 19 positive lymphocytes at 14 days following the

return of DC's than they did at entry to the trial (figure 65). They were also seen to

have more activated (CD19+/CD45RO+) B lymphocytes than at trial entry (figure

66). Negative values are obtained at some points as the cell number for the ConA

cultures is that found minus the culture media alone cultures to remove any non

specific effects of culture media alone.
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Mean CD19/CD45RO co-expression after ConA stimulated culture
Figure 66

Mean patient CD19/CD45Ro co-expression after ConA culture

0.1

0.08

0.06

0.04

0.02

0

-0.02

-0.04

I
DC:+7 DC+14 DC +28 DC +90

time point

Mean number of patient lymphocytes co-expressing CD 19 and CD45RO after 3 days
incubation in ConA

p<0.05 (paired t test) for patients between screen and day 14

c)

Figure 67

T cells

Mean number of CD4+ T lymphocytes, ConA stimulated cultures

Mean CD4 cells over time

1 patient
1 control

screen DC+7 DC+14 DC+28 DC+90

Mean number of T lymphocytes detected in cultures of control and patient PBMC
following 3 days incubation with ConA throughout the trial expressing CD4.

p<0.05 (t test, 2 tailed), panel a) between patient and control at screen and panel c),
between patient and control at screen.

Patients had fewer CD4 positive lymphocytes than controls, although this difference

is only significant at entry to the study (p<0.05) (figure 67).
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d) CD4:CD8 ratio

Mean CD4:CD8 ratio, ConA stimulated cultures
Figure 68

Mean CD4/CD8 ratio, ConA
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i U
DC+7 DC+14 DC+28 DC+90

Mean ratio of CD4 and CD8 cells in PBMC of patients over time and controls
following 3 days incubation in ConA.

The ratio of CD4 to CD8 cells showed a trend to increase over time in the patients

compared to the control value but the observed changes are not statistically

significant. A maximum was reached by day 28 which then decreased by day 90,

although it did not reach the pre-treatment level. The value for the ratio is negative at

some points as some of the cell numbers are negative. The cell numbers are negative

as the number of cells in the culture media alone cultures is subtracted from the

number of cells in the ConA containing cultures.

5.3.3 PHA

a) Cell numbers

Mean cell number harvested, PHA stimulated cultures
Figure 69
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Mean cell number harvested, PHA
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il i 11

p patient
■ control

screen DC+7 DC+14 DC+28 DC+90

Number of cells harvested after 3 days incubation in PHA, patient mean and control
mean.

p<0.05 between patients and control at day 90.

In general patients had more cells harvested from their PHA containing cultures than

controls except at day 90 when there were significantly fewer cells.

Mean cell number, PHA stimulated cultures, different DC dose levels
Figure 70

Mean cell number, PHA

2

<o

© 1.5

screen DC+7 DC+14 DC+28 DC+90

time point

□ dose level 1

■ dose level 3

Lymphocytes harvested from cultures after 3 days exposure to PHA, dose level 1
compared to dose level 3

p<0.05 (unpaired t test) between dose levels at day 28.

Figure 70 shows that the mean number of cells harvested from the PHA containing

cultures was higher in the patients receiving a higher dose of DC than the patients

who received a lower dose, and was significant at day 28 of follow up. This

difference had gone by day 90 of the follow up.
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Figure 71
Mean number of activated cells, PHA stimulated cultures

Mean number of activated cells, PHA

1.400

1.200

CO
< 1.000
o

screen DC+7 DC+14 DC+28 DC+90

Mean number of harvested cells with FSC and SSC characteristics of activated

lymphocytes after 3 days incubation in PHA.
p<0.05 (unpaired t test) between patients and control at screen, day 28 and day 90.

The number of activated cells harvested was significantly lower in patients than the

control value at entry to the trial and at days 28 and 90 following the DC therapy

(figure 71). Additionally patient samples had significantly fewer activated cells at

day 90 of the follow up than they did at entry to the trial, also shown in figure 71, but

the observed rise and fall was not significant over time.

b) B cells

Figure 72 shows the number of B lymphocytes harvested after culture in the presence

of PHA.

Mean number of CD19+ cells after 3 days incubation in PHA
Figure 72
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CD19 mean, PHA
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p<0.05 (paired t test) between patient and screen at day 7

Although there were no significant differences noted between patient and controls at

any of the time points for the number of cells which expressed the B cell marker

CD 19, the number of positive cells had fallen significantly (p=0.02) in the patients at

day 7 compared to the start of the trial.

Differences in the number of cells staining positively for CD 19 according to the dose

of DC administered are shown in figure 73. Negative values are obtained at some

points as the number is generated from the number of cells in the PHA containing

cultures minus that in the culture media alone cultures to remove any non specific

effect of culture media alone.

CD 19 positive cells, PHA, DC dose levels
Figure 73
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CD19 positive cells, PHA
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Mean number of CD 19 positive cells after 3 days incubation in PHA, effect of dose of
DC administered.

p<0.05 (t test, un paired) for dose level 1 versus 2 at day 7, dose level 1 versus 3 at
day 14 and dose level 2 versus 3 at day 90.

As the dose of DC administered was increased so there was some evidence that the

number of CD 19 positive cells harvested from the cultures was increased, with

significantly more cells being obtained for dose level 1 versus 2 at day 7 of follow up

and for dose level 1 versus dose level 3 and dose level 2 versus dose level 3 at days

14 and 90 respectively, demonstrating that increasing the dose of DC seems to be

associated with increasing numbers of CD 19 cells in the PHA containing cultures.

Again - how do you get negative numbers?

c) T cells

The mean number of CD3 positive cells is presented in figure 74.

Mean number of CD3+ lymphocytes, after 3 days in PHA.
Figure 74
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Mean number of CD3+ lymphocytes, PHA
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Mean number of CD3+ lymphocytes in patients over follow up and in controls after 3
days incubation in PHA.

p<0.05 (paired t test) for patients between screen and day 7.

Patients had significantly more CD3 positive cells at day 7 of follow up than they did

at trial entry.
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Figure 75
Mean number of CD3+/CD45RO+ lymphocytes, after 3 days in PHA.

Mean number of CD3+/CD45RO+ lymphocytes, PHA

□ patient
■ control

DC+7 DC+14 DC+28 DC+90

Mean number of CD3+/CD45RO+ cells harvested from patients and controls from
PHA cultures.

p<0.05 (paired t test) within patients between screen and both day 7 and day 28.

There was an increase in the number of CD3/CD45RO staining cells in patient

cultures over follow up, which reached the level of significance at days 7 and 28

(figure 75).

The mean number of CD3 positive cells is shown for the groups of patients who

underwent different methods of DC generation in figure 76.

Mean CD3+ cells in PHA cultures, different methods of donation for DC
generation

Figure 76

242



Mean CD3 cells, PHA

□ blood pack
■ leucapheresis

DC+7 DC+14

time point

DC+28 DC+90

Mean number of CD3+ cells harvested from cultures after 3 days incubation in PHA.
Comparing number of cells between patients undergoing different methods of DC

generation.
p<0.05 (paired t test) between groups at day 90.

At all time points the number of cells is higher from patients who underwent

leucapheresis than from those who donated a single unit of blood. The difference

only reaches the level of significance at day 90. The same is true for the mean

number of cells co-expressing CD3 and CD45RO, and is shown in figure 77. This

may also be an effect of DC dose, since patients who underwent leucapheresis were

treated later in the trial and received a higher DC dose (see figures 78, 79).
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Mean CD3+/CD45RO+ cells in PHA cultures, different methods of donation for
DC generation

Figure 77
Mean CD3/CD45RO cells
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screen DC+7 DC+14 DC+28 DC+90

Mean number of CD3+/CD45+ cells harvested from cultures after incubation for 3

days in PHA. Comparing number of cells between patients undergoing different
methods of DC generation.

p=0.05 (paired t test) between groups at day 90.

Mean CD3+ cells, PHA cultures, different DC dose levels
Figure 78

Mean CD3 cells, PHA

1.6
*

1.2

Mean number of CD3 positive cells harvested from cultures after incubation for 3
days in PHA. Comparing number of cells between patients receiving different doses

of DC.

p<0.05 (t test, un paired) between levels at day 28.

Mean number of CD3+/CD45RO+ cells harvested from PHA cultures, different
DC dose levels

Figure 79
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CD3/CD45RO, PHA
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Mean number of CD3/CD45RO positive cells harvested from cultures after
incubation for 3 days in PHA. Comparing number or cells between patients receiving

different doses of DC.

p<0.05 (un paired t test) between levels at day 28.

Mean number of CD4+ T lymphocytes
Figure 80

Mean C04 cells over time, PHA

DC+7 DC+14 DC+28 DC+90

Mean CD4 cells, PHA. dc

Mean number of T lymphocytes detected in cultures of control and patient PBMC
following 3 days incubation in PHA throughout the trial expressing a) CD4.

Panel b) shows total, resting and activated CD4+ T lymphocytes for patients over
time.

p<0.05 (t test, 2 tailed), panel a, screen, day 7 day 14 and day 90.
p<0.05 (un paired t test), panel b, day 28.

The mean number of cells expressing the lymphocyte subset marker CD4 was

significantly lower in patients (p<0.05) at all follow up points other than day 28
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(figure 80a). There was also a significant increase in the mean number of CD4 cells

in the patients at day 7 following the DC vaccination compared to entry to the trial

(figure 80a). When the different DC dose levels are compared (figure 80b) patients

who received a higher dose of DC (dose level 3) had more CD4 positive cells

detected in their cultures than patients who received a lower dose of DC (dose level

one). The difference is significant between these two groups at day 28 only, and

there is a clear correlation between the DC dose and the mean number of CD4+ cells

(figure 81). The negative value for the 0.075x106 DC dose is obtained as the cell

number in the PHA culture is given minus that for culture media alone in order to

remove any non specific effects of this.

Mean CD4+ T cells, PHA
Figure 81

Mean number of CD4+ cells harvested from cultures after incubation for 3 days in
PHA. Comparing number of cells between different DC dose levels.

If patients results are compared according to the dose of DC received patients

receiving higher doses of DC appear to have higher numbers of CD4/CD45RO cells

in the PHA cultures at all time points than patients who received lower doses of DC

(figures 82 and 83).

Mean CD4+/CD45RO+ cells, PHA, dose level 1 versus 3
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Figure 82

CD4/CD45RO cells, PHA
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Comparing number of cells between patients receiving different doses of DC.

Mean CD4+/CD45RO+ cells, PHA, dose level 2 versus 3
Figure 83
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Comparing number of cells between patient receiving different doses of DC.

An increase in the number of CD4/CD45RO cells is seen over time at each of the DC

dose levels. The differences between the dose levels however fails to reach

significance.

Similarly patients who underwent an apheresis for the generation of DC rather than

those who donated a unit of peripheral blood had higher numbers of CD4/CD45RO

cells in their PHA stimulated cultures, but this may simply be a reflection of
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increasing DC dose (data not shown). A similar effect of increasing DC dose is seen

for co-expression of CD4/CD25 (figure 84).

Mean CD4+/CD25+ cells, different DC dose levels.

Figure 84

Comparing number of cells between patients receiving different doses of DC.
p<0.05, day 90 between dose level 2 and 3.

Mean CD4+/HLA DR+ cells, PHA
Figure 85

Comparing number of cells between patient receiving different doses of DC.
p<0.05 ( non paired t test), day 28.

Increasing dose of DC is associated with a higher number of CD4/HLA DR cells

being detected in the PHA stimulated cultures, but the difference was only significant

at day 28 (figure 85).
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The mean number of cells which expressed the cell surface marker CD8 characteristic

of cytotoxic T cells is presented in figure 86.

Mean number of CD8+ T lymphocytes
Figure 86
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Mean number of T lymphocytes detected in cultures of control and patients PBMC
following 3 days incubation with PHA throughout the trial expressing a) CD8 and co-

expressing b) CD45RO, c) CD25 or d) HLA DR.

There was no significant difference in the number of CD8 positive cells between

patient and the control value at any time point nor was there any difference between

the patients over time (figure 86a). The same is true for cells co-expressing CD8 and

CD45RO (figure 86b), CD8 with CD25 (figure 86c) and CD8 with HLA DR (figure

86d).

The mean number of CD8 positive cells harvested from the cultures of patients who

underwent different methods of DC generation is shown in figure 87.

CD8+ T lymphocytes, PHA, different methods of donation for DC generation
Figure 87
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Mean number of CD8+ T cells harvested from cultures after 3 days incubation in
PHA. Comparing number of cells between patients undergoing different methods of

DC generation.
p<0.05 (paired t test) between blood pack and leucapheresis groups at day 90 only.

The difference between the two groups increases over the follow up period and there

were significantly more CD8 positive lymphocytes present in the cultures of the

patients who underwent leucapheresis for the generation of DC at day 90 of the

follow up schedule, but this may reflect increasing DC dose.

The difference in the CD8 responses between patients who received different doses of

DC is shown in figures 88 to 90.

Mean CD8/CD45RO+ cells, different DC dose levels
Figure 88

Mean number of CD8/CD45RO+ cells harvested from cultures after incubation for 3

days in PHA
p<0.05 ( non paired t test), day 28 and day 90
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Figure 90
Mean CD8/CD25+ cells, different DC dose levels

CD8/CD25 cells, PHA
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Mean number of CD8/CD25+ cells harvested from cultures after incubation for 3

days in PHA
p<0.05 ( non paired t test) day 90
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Figure 90
Mean CD8/HLA DR+ cells, different DC dose levels

CD8/HLA DR cells, PHA
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Patients receiving higher doses of DC had higher mean numbers of CD8/CD45RO,

CD8/CD25 and CD8/HLA DR co-expressing cells than those patients treated at lower

doses. The differences are significant at some points shown in the figures.

d) CD4:CD8 ratio

The ratio of CD4 to CD8 lymphocytes is presented in figure 91.

Mean ratio of CD4 to CD8 positive cells, PHA
Figure 91
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Mean ratio of CD4 to CD8 lymphocytes harvested from patient lymphocyte cultures
over time and controls after 3 days incubation in PHA

p<0.05 between patients and controls at all time points other than day 14

Patients show a reduced CD4:CD8 ratio compared to the control value at all follow

up points. The difference between the mean patient CD4:CD8 ratio and the mean

control CD4:CD8 ratio is significant at entry to the trial and at days 7, 28 and 90 of

follow up, indicating that DC therapy has not reversed the reduction in the CD4:CD8

ratio which is evident in these patients with advanced cancer. Negative ratio values

are obtained as some of the cell numbers are negative due to the subtraction of culture

media alone cultures (as previously explained).

5.3.4 PPD

a) Cell numbers

The total number of cells harvested from patient and control cultures in shown in

figure 92.

Mean number of cells harvested after 7 days incubation in PPD
p<0.05 (t test, 2 tailed) between patient and control at day 90

By day 90 of follow up patients had significantly fewer cells harvested from their

PPD cultures after 7 days than the control value.

Mean cell number harvested, PPD
Figure 92
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Patients treated at dose level 3 had higher total numbers of cells in their PPD cultures

than patients treated at dose level one at day 28 of the follow up (figure 93).

Total number of cells harvested from PPD cultures, effect of DC dose
Figure 93
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Nine patients had skin testing for PPD performed at entry to the trial and during trial

follow up. Of these 7 showed an increase in their clinical responses and two showed

no change at day 14. Figure 94 shows the mean total cell number harvested from the

PPD cultures of those patients who had generated an increased clinical response to

repeated PPD skin testing compared to those patients who showed no evidence of an

increased response to repeat PPD testing.

Total cell number harvested by clinical PPD response
Figure 94
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Total cell number harvested from the PPD containing cultures in patients who had
clinical PPD responses and in patients who did not have clinical PPD responses

p<0.05 ( non paired t test) between responders and non responders at day 14

The non responders had fewer numbers of cells harvested than the responders at all

time points other than at day 90 with the difference being significant at day 14.

There were no significant differences in the mean number of activated cells in the

PPD cultures from all patients over time (data not shown), but at day 7 some

differences were seen between the different DC dose levels (figure 95). Again,

negative values are seen after subtraction of the cell number in the culture medium

alone cultures.

Effect of DC dose on number of activated lymphocytes in PPD cultures

Figure 95
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Effect of DC dose on number of activated lymphocytes in PPD cultures
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b) T cells

The mean number of CD3 positive cells is presented in figure 96.

Mean number of CD3+ lymphocytes, PPD
Figure 96

Mean number of CD3+ lymphocytes in PPD

o CD3 patient ° CD3control

Mean number of CD3+ T lymphocytes after 7 days exposure to PPD in patients over
follow up and controls.

p<0.05 ( paired t test) screen compared to day 28 for the patients.

There were no significant differences between the number of cells in the patient and

the controls at any of the time points tested. Patients however were found to have a

significantly higher number of CD3 positive cells (figure 137) and CD3/CD45RO

dual staining cells (figure 97) at day 28 compared to the start of the trial.

Mean number of CD3+/CD45RO+ lymphocytes, PPD
Figure 97
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Mean number of CD3+/CD45RO+ lymphocytes in PPD
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a patient
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Mean number of CD3+/CD45RO+ lymphocytes in patients over follow up and in
controls.

p<0.05 ( paired t test) screen compared to day 28 for the patients.

257



At day 28 patients who had been treated with higher doses of DC had significantly

higher numbers of both CD3 positive (figure 98) and CD3/CD45RO co-expressing

(figure 99) cells harvested from their PPD cultures.

Mean CD3+ cells, PPD
Figure 98

Mean number of CD3+ lymphocytes harvested from cultures after 7 days exposure to
PPD. Effect of dose of DC.

p<0.05 ( non paired t test) day 28.

Figure 99
Mean CD3/CD45RO+ cells, PPD

CD3/CD45RO + cells, PPD
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Mean number of CD3/CD45RO+ co-expressing lymphocytes harvested from cultures
after 7 days exposure to PPD. Effect of dose of DC.

p<0.05 ( non paired t test) day 28.

258



The effect of dose of DC is demonstrated in figures 100 to 103 inclusive.

CD4+ cells, PPD, different DC dose levels
Figure 100

Mean CD4+ cells after 7 days exposure to PPD. Effect of dose of DC.
p<0.05 ( non paired t test) day 28.

CD4/CD45RO+ cells, PPD, different DC dose levels
Figure 101

Mean CD4/CD45RO+ cells after 7 days exposure to PPD. Effect of dose of DC.
p<0.05 ( non paired t test) day 28.

CD4/CD25+ cells, PPD, different DC dose levels
Figure 102
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CD4/CD25 cells, PPD

Mean CD4/CD25+ cells after 7 days exposure to PPD. Effect of dose of DC.
p<0.05 ( non paired t test) day 7

CD4/HLA DR+ cells, PPD, different DC dose levels
Figure 103

CD4/HLA DR + cells, PPD

0.7 -i

Mean CD4/HLA DR+ cells after 7 days exposure to PPD. Effect of dose of DC.
p<0.05 (non paired t test) day 28.

Although there are few significant differences it does appear from figure 100 to 103

that increasing DC dose is associated with an increase in the number of CD4+ cells

and subsets.

There were few changes noted in CD8 cell or subsets but the dose of DC

administered affects the total number of CD8 positive cells such that an increase in

dose is associated with an increased response (figure 104), although this does not

reach the level of statistical significance.



CD8+ cells, PPD, dose levels
Figure 104
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level 2 and 3.

5.3.5 BLP-25

a) Cell numbers

Figure 105 shows the mean number of cells harvested from the wells after 7 days and

compares the values obtained for the patients with the control value.

Mean cell number harvested, BLP-25
Figure 105

Mean cell number harvested, BLP-25
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Mean number of cells harvested after 7 days culture in BLP-25.
p<0.05 (t test, 2 tailed) between patient and control at day 28.

Some negative values are obtained due to subtraction of the cell number in the culture
media alone cultures. Patients were found to have significantly more cells harvested
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from their cultures than controls at day 28 of the follow up schedule. There appears

to be a trend to an increase in the number of cells harvested from the wells in the

patients over time which reaches a maximum at day 28 and then falls back to levels

below the initial levels by 90 days of follow up. However this was not confirmed

statistically.

Figure 106 shows the mean percentage of activated cells harvested from the wells and

compares patients with the control value. Some negative values are obtained due to

subtraction of cell number in the culture media alone wells.

Mean percentage of activated cells, BLP-25
Figure 106

Percentage of cells activated, BLP-25

Mean percentage of harvested cells with FSC and SSC characteristics of activated
lymphocytes after 7 days culture in the presence of BLP-25.

There was no significant difference between patients and the control value at any of

the time points tested. Again there appears to be an initial increase in the percentage

of activated cells harvested from the patient wells over time, but the values are

extremely small and there was no statistically significant difference seen.

b) T cells
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Figure 107 shows an association between increasing dose of DC and an increase in

the number of CD3/CD45RO positive cells being harvested from the BLP-25

containing cultures after 7 days.

Mean CD3+/CD45RO cells, BLP-25, different DC dose levels
Figure 107

Mean number of CD3/CD45RO + lymphocytes harvested from cultures after 7 days
incubation in the presence of BLP-25. Comparing different DC dose levels.

p<0.05 ( un paired t test) between dose level 1 and 3 at day 28.

This difference is significant at day 28 of follow up.

Although there is not a significant difference in the number of cells expressing CD8

between patients treated at different dose levels there does appear to be a trend to an

increase in the number of cells positive with an increased dose of DC being

administered, although there were no significant differences (figure 108).

Mean CD8+ cells, BLP-25, different DC dose levels
Figure 108
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This increases over time and then falls back to below pre treatment levels by day 90.

c) CD4:CD8 ratio

Figure 109 shows the mean ratio of CD4 to CD8 cells from the BLP-25 cultures at

each of the time points for the patients, and the control value.

Mean CD4/CD8 ratio, BLP-25
Figure 109

BLP-25, mean CD4/CD8 ratio

Mean ratio of CD4 to CD8+ cells in patients over time and in controls following 7
days incubation in BLP-25.

There is clearly an increase in the ratio of CD4 to CD8 cells in the patients over time,

although there is no significant difference between patients and the control value at

each of the time points. There was no effect of DC dose.



5.4 Summary of immunological monitoring.

5.4.1 Proliferation responses

Following DC therapy there was a trend to an increase in the proliferative responses

seen in the presence of Con A, and similarly for PHA. This was again seen when the

cultures were performed in the presence of the recall antigen PPD, and in this case the

effect appeared to be more marked at increased DC doses. There were no significant

changes in the proliferative responses to MUC-1 or BLP-25 following DC therapy,

and there was little benefit seen from using autologous pulsed DC to amplify these

small responses.

5.4.2 Flow cytometry

In general the number of cells harvested from the cultures was significantly lower in

patients than in controls at all time points during the study and its follow up. Trends

to an increase in the number of CD3 and CD8 positive cells were seen (figures 60 and

60), but the observed changes were not statistically significant. This did not seem to

be abrogated by DC therapy. When cells were cultured in the presence of the

mitogen ConA there was an increase in the number of cells harvested at day 14

following DC therapy. Individual patients were shown to have an increase in the

number of CD4 positive and CD8 positive lymphocytes, but there was no significant

difference in the mean value. In the cultures performed in the presence of PHA there

appeared to be more of an influence from the dose of DC which was administered.

An increased dose of DC was associated with an increase in the number of cells

recovered from the culture significant at day 28. This comprised of an increase in the



number of CD3 positive (figure 76) and CD4 positive T cells as well as B cells.

There was a small (non significant) increase in the number of cytotoxic T cells (CD8

positive) following therapy and the administration of an increased dose of DC

appeared to have additional benefit in the PHA containing cultures. When the cultures

were performed in the presence of the recall antigen PPD there was an increase in the

number of cells harvested in those cultures which were performed at the day 28

follow up point. A further increase was seen when the effects of an increase in the

dose of DC administered was examined. An increase in the number of CD3 positive

T lymphocytes was seen following therapy and again increasing dose was beneficial.

The effect of an increase in DC dose was also to increase the number of CD4 positive

T lymphocytes in the PPD containing cultures. In those cultures performed in the

presence of BLP-25 there was an increase in total cell numbers harvested reaching

statistically significant peak at day 28 following DC therapy. There were few

changes in CD8 subsets post therapy, but a non significant increase in the CD4:CD8

ratio was seen in the BLP-25 stimulated cultures.
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CHAPTER 6 - Discussion

6.1 DC evaluative work

Chapter 2 presents the results of DC evaluative work which was undertaken during

the same time period that the clinical trial was in progress. The purpose of this was to

further investigate the phenotypic and functional characteristics of monocyte derived

DC in terms of the effect of cryopreservation on the cells, length of culture, and the

influence of a variety of maturational stimuli.

6.1.1 Effect of cryopreservation on DC

A number of clinical DC protocols have used DC which have been cryopreserved.

There is little information in the literature as to the effect of cryopreservation on the

characteristics of DC. The functional ability of DC which have been cryopreserved

compared to that of fresh DC has only been reported when both populations of DC

have been generated from previously cryopreserved precursor populations( 182).

Figures 4 and 5 show the differences under light microscopy of DC which were

"fresh" and those which had been cryopreserved at the same point in their generation

process and then thawed. The cryopreserved cells were larger than the fresh cells and

had more dendritic processes.

FACS analysis of these cells showed striking differences in the size and internal

complexity of the cryopreserved cells, with the cryopreserved ones confirmed as

being larger and exhibiting a greater degree of internal complexity (figure 6). On



analysis of the cell surface markers expressed by these two different populations of

cells the cryopreserved ones showed a non significant reduction in the expression of

monocyte markers compared to the fresh cells, and a statistically significant increase

in the expression of CD83, a marker of DC maturity. These results would indicate

that the effect of cryopreservation on DC is to increase their level of maturity.

The reasons for this difference are not clear. It is possible that it is the freezing insult

itself which is acting as the stimulus to mature. For the purposes of this investigation

the cells were cryopreserved in cryoprotectant medium containing 80% AB serum

and 20% dimethyl sulphoxide, which is known to be a differentiation agent. The

other possibility is that it is the cryoprotectant medium which is exerting a stimulus

for the DC to mature.

This result has lead to the award of a research grant from the Lothian University

Hospital NHS Trust Cancer Services Committee to the author of this thesis and others

to investigate the characteristics of cryopreserved DC further and examine the effect

of a variety of methods of cryopreservation and cryoprotectant agents, such as

glycerol. Outcome measures for this study will include membrane integrity of DC,

IL-12 secretion by the DC, and the generation of specific cytotoxic T cell responses

to antigen using a CTL assay.

6.1.2 Length of DC culture

The clinical DC protocols which are employed in the trials to date employ methods of

DC generation which differ in a number of respects from each other. One of these



differences is the length of the culture period used for the generation of DC. In some

studies this is as little as 2 days(160), whilst in others it is over one week(21; 164).

Chapter 2.2 includes the results of an investigation into the effect of the length of the

period of culture on DC. The outcome measures used were the appearance of the

cells under light microscope, the number of cells harvested from the cultures (all

having started with the same number of cells) and the flow cytometric characteristics

of the cells.

Figure 9 shows clearly that the cultures contain cells which appear different after

lengthening culture periods. With increasing time there is a clear increase in the size

of the cells and an increase in the number of dendritic processes which extrude from

them. The percentage of the starting cells which are harvested is reduced as time

goes on (figure 10), and the number of cells where the cell membrane is disrupted,

allowing the entry of propidium iodide, is increased (figure 12). The flow cytometric

analysis confirms that the cells have an increased size and internal complexity over

time (figure 11). There is also a reduction in the expression of monocyte markers

with time, and a non significant trend to an increase in the expression of markers

thought to be associated with DC maturity.

The results of this DC evaluative work raise some concerns regarding the length of

the DC culture employed in the clinical study presented in this thesis, which is also

consistently shorter than the majority of DC trials published to date.
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Future work might therefore be indicated to examine whether these differences seen

translate into differences in function of DC which might have implications for the

design of future clinical studies.

6.1.3 Effect of DC maturational agents.

Chapter 2 includes the results of a preliminary investigation into the effects of

different DC maturational agents. Three agents were investigated; poly I:C, TNF

a and IFNa.

a) Poly I:C

This has been reported by some to be capable of inducing stable maturation of

DC(332), which produce high levels of IL-12, induce strong T cell proliferation in a

primary alio MLR and effectively present peptide antigens to HLA class I restricted

CTL. Poly I:C is a synthetic double stranded RNA which is used in model of viral

infection.

Figure 13 shows that there are no clear differences on light microscopy between DC

which have been generated in the presence of poly I:C compared to those which have

not. This is further confirmed in figure 15 where the FSC and SSC of the two

populations of cells are similar. There were no significant differences in the

expression of surface markers between the two populations of cells (figure 17), and

further more there was no significant difference in the autologous T cell proliferation

caused by the exposed and the unexposed DC (figure 19).
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The conclusion from this must be that poly I:C does not provide, in our hands, an

effective stimulus for DC maturation.

b) TNFa

This cytokine is produced during inflammatory processes and has been used widely

in the production of DC, where it is thought to lead to the production of a population

of DC with a more mature phenotype (200).

When TNFa was added to DC cultures at day 3, examination of the cells by flow

cytometry after a further 4 days of culture showed the TNFa exposed cells to form a

more cohesive group (figure 20). The TNFa exposed cells had lower levels of

expression of monocyte markers, and higher levels of expression of markers

suggestive of DC maturity, although this was only significant for CD83 (figure 22).

The TNFa exposed cells had a greater ability than the unexposed cells to stimulate

autologous T cell proliferation (figure 23). Overall it would seem that cells exposed

to TNFa during their culture do exhibit features which would suggest the attainment

of a more mature DC phenotype.

c) IFNy

This is thought to have immunostimulatory properties (79), and thus might be

expected to influence the maturation status of DC by acting as a "danger signal".

Section 2.2.3 d) describes the results of the addition of IFNy to DC cultures at day 3

of the culture process. On flow cytometry the cells formed a less cohesive group

when they had been exposed to IFNy (figure 25) in addition to TNFa. There was a
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reduction in the expression of markers of DC maturity (figure 26) in the IFNy

exposed cells and there was no additional benefit from the addition of IFNy on

autologous T cell proliferation over and above that of TNFa.

This begins to suggest that IFNy is not suitable as a potential DC maturational agent,

a finding which has been noted by others (261).

This preliminary investigation in to the effect of differing DC maturation agents has

provided the focus for a more in-depth examination, which has been supported by a

grant from the Chief Scientists Office, and is due to be completed by the end of the

financial year 2002.

6.2 Clinical Arm of the study

6.2.1 Feasibility of DC culture from whole blood

The clinical protocol was designed to establish the safety and feasibility of DC

generated from patients with advanced malignancies. It was designed initially

generating DC from a single unit of whole blood. Despite pre clinical work

suggesting that the planned dose escalation would be achievable using a single unit of

whole blood this did not prove to be the case, and the protocol was amended such that

patients underwent a leucapheresis in order to obtain peripheral blood lymphocytes

from which to generate DC. An argument exists where one might state that the trial

should have been stopped once it became clear that DC generation using the original

methodology was not possible as the trial had not achieved one of its stated primary

aims, namely feasibility of DC generation.
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A "pre-screen" was employed where potentially suitable patients donated 50 mis of

peripheral blood for DC culture to establish that this was possible on an individual

basis. There were however no pre defined parameters as to what level of DC

generation was "sufficient", meaning that the value of the "pre-screen" is

questionable.

The initial protocol planned to give four injections at weekly intervals, which was not

achieved using DC generated from whole blood. It might have been possible to

achieve this dose schedule once the methodology was changed to leucapheresis, but

the protocol had been amended to give only a single injection. From the existing

literature its seems likely that that more than one injection might be desirable (those

trials where immunological responses have been seen have used multiple dosing

schedules), but there is some contradictory evidence from normal volunteer studies

suggesting that repeated injections might lead to anergy ( 65). In our patient who

received 2 doses (patien 9) there was some evidence of a restimulation of a

proliferation response in MUC-1 liposome cultures after the second injection of DC

(figure 54), but this was not the case when the peptide was used alone (figure 55). A

similar restimulation is seen with BLP-25 pulsed DC following a second dose of DC

(figure 56). Clearly no firm conclusions can be drawn form this as only one patient

was studied.

6.2.2 Acute tolerability and toxicity
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The maximum cumulative dose of DC received within this protocol was lxlO6 cells

per kilogram body weight, and the maximum dose administered in a single injection

was a total dose of 41,76xl06 DC. This falls within the range of doses that have been

administered by others performing DC clinical trials where the maximum reported

dose given in a single injection was 1010 cells (91), and the minimum was lxlO6 cells

(219; 346). The greatest cumulative dose reported to have been given was 2x1010

cells over 2 injections(91). Greater detail on the toxicities reported by these trials is

included in chapter 1, but in general there was very little acute toxicity related to the

re-administration of the DC. This was also the case in the current study. We did

however note that as the dose of DC which was being administered increased so more

of the patients had evidence of a temporary local reaction at the injection site. This

was mild and self limiting. Of those who received a second injection of DC (5

patients), only one had a local reaction to the second injection.

Within the clinical study those patients who donated a unit of peripheral blood for the

generation of DC had a mean drop in haemoglobin of 15g/l (11.5% of the initial

value). This compares to the group who underwent leucapheresis where the mean

drop in haemoglobin was 3g/l (2.4% of the initial value).

A number of patients within the study became lymphopenic over the period of trial

follow up. At entry to the trial only 3 had lymphocyte counts which were below the

normal range. By the end of the follow up period, 9 of the 10 patients available for

assessment were lymphopenic. One of the possible explanations for this must be that

it could be attributable to DC therapy, however, no other author has reported this.



Alternative explanations include the fact that some of the patients were on other types

of systemic anticancer therapy by day 90 of their follow up, and all showed evidence

of progressive malignancy. However, there were more lymphopenic patients at day

28 (n=7) compared to the start (n=3), and at this point none were on other cancer

therapies, but some did have progressive disease. It is not possible to draw

comparison with other published data as they have not reported effects on lymphocyte

counts.

Skin testing for the recall antigen PPD was performed at entry to the clinical study

and at day 14 of follow up. When compared to a group of control subjects who were

repeatedly PPD tested at the same time interval, only the patients showed an increase

in their PPD responses (figure 167 and 168). This difference was statistically

significant, and indicates that DC therapy allowed patients to mount an increased

recall response to an antigen which they had previously been exposed to. This adds

non specific evidence of immune activation following DC therapy and correlates with

some of the changes in the immune monitoring to proliferation with PPD.

6,2.3 Effect on tumour bulk

The aim of phase one clinical trials is not to demonstrate clinical benefit, but the

majority of the DC trials which have been reported in the literature have looked at

this outcome. In our trial an assessment of disease extent was made at entry to the

study, one month after DC therapy and 3 months after DC therapy. At day 28, 4 of

the 12 patients enrolled in this study had evidence of stable disease either clinically or

on radiological assessment. In one of these patients this represented stabilisation of



disease which was progressing within the month prior to study entry. Other authors

have reported a greater number of clinical responses in their patients, especially in

those with malignant melanoma. The details of these are included in Chapter 1.

There has only been one study published to date which has included a substantial

number of patients with advanced breast cancer(36), and this number was fewer than

the number which were treated within this trial (n=9). In Brossart's study a total of

10 patients were treated, 7 with advanced breast cancer and 3 with advanced ovarian

cancer. Many of the breast cancer patients had received extensive prior

chemotherapy and hormonal therapy. The doses of DC administered were less than

those given in the current study, and the median dose of DC was 6.5x106 per vaccine.

One patient was reported to have had a response in soft tissue disease after the DC

therapy, but she had also undergone an oopherectomy (after a period on goserelin and

tamoxifen) during the period of DC therapy, so it is possible that this contributed to

the regression of her disease. They were also able to demonstrate a reduction in the

levels of tumour markers CA15-3 and Cal25 in this patient. One of the patients with

ovarian cancer had stable disease over 8 months after her DC vaccination schedule

had begun and continued on the vaccination protocol. A further patient with

metastatic breast cancer experienced a brief period of disease stabilisation of

approximately 8 weeks after her DC treatment schedule. The clinical results of our

study would be comparable with those of the study by Brossart and colleagues, which

is the study within the literature which most closely reflects the current study in terms

of the patient group and the DC preparation given
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6.3 Immune responses

One of the stated aims of this project was to establish whether immune responses to

MUC-1 could be generated. An assessment of cellular responses to a variety of

mitogens, recall antigens and the MUC-1 peptide was made for each patient at entry

to the clinical trial and over the period of trial follow up. The results are presented in

chapter 4, and are summarised here.

Autologous T cell proliferation to ConA, PHA, PPD and MUC-1 was assessed at

entry to the study and at days 7, 14, 28 and 90 of follow up. There were few

significant changes in these responses over follow up. When proliferation to the

recall antigen PPD was measured there was a significant increase in the mean

response at day 7 and day 28 compared to the start of the trial (figure 48), which fell

to pre treatment levels by day 90 of follow up indicating some degree of non specific

stimulation. There was no evidence of an increase in MUC-1 specific proliferation

following DC therapy. Fewer patients had increased proliferation when the cultures

were supplemented with autologous plasma rather than AB serum, raising the

possibility of the presence of a suppressive factor in autologous plasma.

Flow cytometry was used to evaluate in more detail changes in the numbers of

specific T lymphocyte sub-populations following DC therapy. For cells cultured in

DC differentiation media alone trends to an increase in the number of CD3 and CD8

cells were seen (figure 60 and 62) from a lower base line than controls, but the

observed changes were not statistically significant. When cells were cultured in the

presence of the mitogen ConA there was an increase in the number of cells harvested



at 14 days following DC therapy. Individual patients were shown to have an increase

in the number of CD4 and CD8 positive lymphocytes, but there was no significant

difference in the mean value. In PHA an increased dose of DC was associated with

an increase in the number of cells recovered from the cultures, significant at day 28.

This consisted mainly of CD3 (figure 78) and CD4 (figure 80) positive T cells, B

cells (firure 73) and there was a small, non significant increase in the number of CD8

positive cytotoxic T cells (figure 88 and 90). In those cultures performed in the

presence of BLP-25 there was an increase in total cell number harvested reaching a

statistically significant peak at day 28.

In summary there was some evidence of increased cellular immune responses in

general following DC therapy, which may be attenuated with an increase in the dose

of DC administered. However few of the changes reach the level of statistical

significance, and there is little consistency. Specific MUC-1 cellular responses are

not consistently evident following the therapy.

Of the multiple clinical trials which have been performed to date and have reached

the stage of publication many have undertaken monitoring of the immune responses

to therapy. The methods by which this has been are not consistent across trials,

making it hard to directly compare their results. The main methods which were used

in our trial were the assessment of autologous T cell proliferation to mitogens, recall

antigens and the MUC-1 peptide, and examination of lymphocyte subsets present

after a period of in vitro culture.
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A number of the other clinical trials in the literature of peptide pulsed dendritic cells

have reported results of autologous T cell proliferation assays used as a method of

monitoring the immune responses to therapy (21; 207; 265; 287; 314). Some of them

have assessed proliferation to the peptide that was used for the vaccination, others to

control antigens. One such example of this is Banchereau and colleagues(21), who

found that following DC therapy the majority of patients included in their trial (16 of

18) had evidence of increased proliferation to the control antigen KLH following the

DC vaccination programme. Schuler-Thurner and colleagues(287) looked at recall

antigen specific proliferation, and found that 5 out of 5 patients were shown to have a

significant boost of recall antigen specific immunity to tetanus toxoid in proliferation

assays following DC therapy. In an earlier study by the same group (314) again the

majority of patients were found to have a significant boost of antigen specific

immunity to recall antigens at day 14 following DC therapy. Murphy and colleagues

assessed proliferation responses to the peptides which they had used in their DC

therapy (207) but, similarly to the results presented currently, did not find any real

evidence of an increase in antigen specific proliferation following DC therapy.

None of the other peptide pulsed DC trials which have been published have reported

changes in the lymphocyte subsets in proliferation assays following DC therapy, so it

is not possible to know how our results for this compare to others.
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6.4 Alterations to the clinical protocol which might improve responses

6.4.1 Precursors used for DC generation

Within the current study adherent monocytes were used to generate DC. There is

increasing evidence that CD34+ haematopoietic progenitor cells might be

advantageous. When these are used to generate DC they result in the production of 2

distinct subsets of DC which are phenotypically and functionally distinct(45). There

is evidence that CD34+ derived DC may be more efficient than monocyte derived DC

in activation of CTL's in vitro (83; 201). There is now some evidence that this

translates into the clinical setting and that these DC may be able to induce clinical and

immunological responses which are correlated in patients with advanced

melanoma(21). It should be noted however that those patients who were defined as

having responded well had relatively limited disease and had not received any prior

chemotherapy. This is not consistent with the findings of Mackensen and colleagues

who again performed a trial in advanced melanoma, using CD34 derived DC , but

found little evidence of clinical or immunological efficacy (179), although their DC

were generated in the presence of IL-4, and were given intravenously.

6.4.2 Type of agent used to pulse DC

In the current study a single antigen was used for the pulsing of DC. Although this

strategy has been employed by others the use of multiple antigens is attractive as it

allows for a broader response to be generated and avoids problems with antigen loss

variants. A strategy where multiple antigens are potentially presented is that of

Kugler and colleagues(158). They used fresh autologous tumour electro fused with

mature monocyte derived DC generated from HLA mismatched allogeneic donors. In
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that particular study immunological responses were seen following therapy with 11 of

the 17 patients developing positive DTH responses following therapy when all had

been negative prior to the therapy, additionally it was possible to detect specific

CTL's in some patients post therapy. Some of the patients who had immunological

responses were included in the group of 6 patients who had objective evidence of

tumour responses (either complete or partial responses). It is possible that the clinical

responses seen were related to the use of autologous tumour, providing multiple

antigens for presentation. Alternatively, it may be related to a "graft versus tumour

effect", since the DC used were generated from HLA mismatched allogeneic donors.

Another advantage of using autologous tumour is that HLA matching of the patient

and the peptide targets are not required, which can potentially restrict the number of

patients to whom a particular DC strategy might be helpful.

DC pulsed with whole proteins may be more effective at inducing antigen specific

immune responses than DC pulsed with class I restricted peptides(160). This may be

due to the larger repertoire of antigens present in the protein and the resulting ability

to elicit both CD4+ helper and CD8+ effector cells. However the use of TAA in the

form of purified or recombinant protein, cDNA or mRNA allows the selection of

immunogenic epitopes by host HLA molecules themselves.

Targeting of multiple TAA may be a useful strategy as it could potentially amplify

the probability of inducing protective immunity in cases where tumour specific self

antigens are weak immunogens, but there is an increased risk for the development of

a destructive autoimmune response to antigens expressed in normal tissue.
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In order to elicit a humoral response to the target a combination of DC vaccination

plus a therapeutic monoclonal antibody may be attractive (112).

6.4.3 Route of administration of DC

In the current study the peptide pulsed DC were administered by sub-cutaneous

injection. It is possible that this may account for the lack of clinical responses seen.

DC need to migrate to the draining lymph nodes after encounter with antigen, so that

they can interact with resident T lymphocytes. It is within lymph nodes that DC

mature and efficiently stimulate T lymphocyte immune responses (49). Evidence

exists that when DC vaccines are given intravenously, subcutaneously or intra-

dermally, very few of the transferred lymphocytes actually reach lymphoid organs. In

a study conducted in humans using radiolabeled DC less than 0.4 % of the injection

site activity was detectable in the regional nodes after an intradermal injection, and no

activity was detected after a sub-cutaneous injection (195). There is however some

evidence that Indium III studies require at least lxlO10 cells for detection to be

consistent(239). Also, the effect of radio labeling itself on the function of DC is not

clear, nor is the influence of this on the trafficking studies which have been

performed. Studies in murine, primate and human models have shown that DC

administered intravenously localise to the lungs and then migrate preferentially to the

spleen, with only a trace or none migrating to the regional nodes (23; 161; 163; 195).

So, conventional methods of DC administration result in only a very small percentage

of the DC administered reaching the lymphoid organs where they can interact with T

cells. Those which do migrate to the regional nodes appear to do so relatively

rapidly, with labelled DC injected intra-dermally traveling to the draining nodes after
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10 minutes and those draining nodes remaining clearly outlined for 4 hours after the

injection. This was compared to an equivalent dose of radiation being injected intra-

dermally on the contra-lateral side, which reached the nodes within 10 minutes, but

was cleared within 1 hour (312).

The only clinical study which has to date demonstrated a correlation between clinical

and immunological responses employed the sub cutaneous route as the mode of

administration for the DC (20)

Although only a small percentage of DC migrate to the lymph nodes after re-

administration one study has shown that the quality of the response generated may be

affected by the route of administration. Fong and colleagues (89) performed a trial of

antigen pulsed DC in 21 patients with metastatic prostate cancer where the patients

were divided in to three cohorts, each of which received their treatment by different

routes of administration; intravenous, intradermal and intralymphatic. All patients

developed antigen specific immune responses regardless of the route, but the

induction of interferon gamma production was only seen in those patients who

underwent intradermal or intralymphatic administration, and no IL-4 responses were

seen regardless of the route used. 5 of 9 patients who received treatment by the

intravenous route developed antigen specific antibodies compared to one of 6 for the

intradermal and 2 of 6 for the intralymphatic routes respectively.

DC which are injected directly into distal lymphatics are rapidly detected in the

draining nodes where they remain for more than 24 hours (180). The concept of
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intra-nodal administration of DC was introduced first in the field of dendritic cell

research in 1998 by Nestle et al (219). In this study 16 patients with metastatic

melanoma received intranodal injections of peptide pulsed dendritic cells. 5 of the 16

patients treated demonstrated a clinical response to the vaccine, with 2 experiencing a

complete response and 3 having partial responses. It may be that the increase in

number of responders could be related to the route of administration of the therapy

allowing more of the DC to be in an appropriate environment for interaction with T

cells. A recent study showed that mice immunised intra-nodally with lysate pulsed

dendritic cells had less growth of pulmonary metastases than those who received

subcutaneous vaccinations, and in the prevention arm of the study those who were

immunised intra-nodally were significantly better at suppressing the development of

pulmonary metastases than those immunised sub-cutaneously (162). Using a trans¬

genic system they also showed that intra-nodal administration dramatically increased

the generation of antigen-specific CD8 and CD4 lymphocytes compared with

intravenous or subcutaneous administration.

Although there is now a good rationale for the use of intra-nodal injection the

practicality of it may be more difficult to achieve, and would almost certainly require

the DC to be re-administered under ultrasound guidance, or with the aid of some

other imaging technique.

The state of maturity of DC at the time of intra-dermal injection has been shown to

have no influence on the proportion of DC that localise to draining lymph nodes in a

rhesus macaque model (24). The immature DC that trafficked to lymph nodes



underwent up-regulation of CD86 expression indicative of spontaneous maturation,

and had exited completely from the dermis within 36 hours of injection, whereas

mature DC tended to remain in the dermis. This raises questions as to whether there

is a fundamental difference between immature and mature DC in terms of clearance

from a skin injection site. Mature DC produce a large amount of pro-inflammatory

cytokines and may induce severe inflammation in the dermis, compared to immature

DC which are induced to mature by a mild inflammatory process. It is possible that a

more severe inflammatory process impairs the migration of mature DC out of skin.

Intratumoral injection has been investigated by one group (323). There is evidence

that increased number of intratumoral DC are associated with improved outcomes in a

variety of carcinomas including cervical(217), colorectal 10), gastric(327), lung(349)

and nasopharyngeal(lOl). In the study by Triozzi and colleagues (324)10 breast and

melanoma patients with subcutaneous or dermal tumours were involved and received

a single intratumoral injection of monocyte derived DC that had been generated from

peripheral blood harvested after 5 days of systemic therapy with GM-CSF. The

injected tumour was then biopsied or excised 2 to 6 weeks after the injection. The

dose of DC administered varied between 8xl07 and 18xl07 cells, and the mean purity

was stated to be 47%. A control tumour was injected with lidocaine at the same time

as the DC were injected. Only one patient reported pain following the injection and

this lasted less than 48 hours. The injected tumours were noted to become fluctuant

following the injection and to drain clear fluid. Out of the 10 patients 6 were noted

to have regressions of the injected tumours and 2 of 10 had regression of non injected

tumours within a 5-6 cm diameter of the injected tumour. The lidocaine was not



noted to have any effect of the tumours. Immunohistochemistry showed that the

excised/biopsied tumours contained a population of DC that were scarce in the

control tumours. There was however no evidence of a systemic effect as evidenced

by proliferation and cytotoxicity assays. There was some evidence that heat shock

proteins might be implicated in the mediation of the response. The direct

applicability of this type of therapy to the clinical situation must be considered,

although it might prove feasible for patients with isolated, small metastases. The

obvious advantages of this type of approach where the DC are injected directly into

the tumour as that there is no need for the identification of specific tumour associated

antigens and that there is an increased spectrum of antigens available for the DC to

present.

6.4.4 Booster injections of DC

The administration of mature booster DC following a DC immunisation schedule in

normal controls has been found to lead to a significantly higher and more rapid T

cells response in humans (61), i.e. there was evidence that an immunological memory

response was generated. These booster DC also caused enhanced functional avidity

of the CD8+ T cells response, manifest as greater peptide sensitivity of T cells

elicited after booster DC. It was also possible to detect CTL in fresh blood from one

of the three subjects involved in this study after the booster injection had been

administered (often many rounds of re-stimulation are required before it is possible to

detect CTL). Similar findings have been made in mice (279), but Dhodapkar and

colleagues were the first to demonstrate this in humans (61). The importance of this
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is that higher affinity T cells may be essential to achieve protective immunity against

viruses and tumours in vivo (347).

Slightly different to this is the issue of multiple injections. One of the earliest trials

reported in the literature is that of Nestle and colleagues(219). In their study

melanoma patients received a course of 5, weekly DC injections, followed by

monthly boosters of monocyte derived DC injected intranodally. The DC were

pulsed with one of a variety of HLA restricted melanoma antigens according to the

HLA type of the particular patient. 5 of 16 patients developed positive DTH on skin

testing to DC pulsed with melanoma peptides and four of these patients demonstrated

clinical responses to the therapy. Perhaps the schedule of multiple injections is

important in determining this immunological and clinical response.

When the current study had originally been designed it had been planned to

administer 4 injections of DC at weekly intervals. This did not prove possible as it

was not possible to generate sufficient DC from the single unit of blood which was

taken for the generation of monocyte derived DC. It is possible that the relative

paucity of immunological responses generated could have been enhanced had we

been able to give multiple injections of DC, and that this might have lead to clinical

responses.

a) Booster injections of antigens

A recent clinical trial of DC therapy in patients with prostate cancer followed by a

soluble antigen boost showed suppression of antibody generation following the
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administration of the soluble antigen sub-cutaneously (39), indicating that this

strategy may not be beneficial. In contrast to this in the first DC trial to be reported in

the literature (138) 4 injections of DC pulsed with idiotype protein were given to

patients with non Hodgkin's lymphoma, but each subcutaneous injection of DC was

followed 2 weeks later by a booster injection of KLH and idiotype protein. In this

study all patients showed evidence of the generation of an immunological response to

the KLH and to the idiotype protein in proliferation assays. This was associated with

one complete clinical response, one stable disease and one minor response. Titzer

and colleagues (316) injected patients with multiple myeloma with DC generated

from CD34+ stem cells collected after GM-CSF pre-treatment. Patients received one

subcutaneous injection of DC pulsed with idiotype protein at day zero, followed by a

schedule of 3 injection of idiotype into the same site at days 14, 28 and 42. 10

patients were treated according to this schedule, and in a further 2 patient the booster

injections were infact of idiotype pulsed DC. 5 patients were noted to have a variety

of immunological responses, but all but one patient had evidence of progressive

disease, the other having stable disease. Although soluble antigen boosts were not

employed in the current study, it might have been an interesting addition to the

therapy, although there does appear to be conflicting evidence as to whether it is

beneficial or not.

6.4.5 Mature or immature DC?

The current study used DC which exhibited many of the features of immature DC

when they were subject to flow cytometric analysis. There were some preliminary

indications from other members of the group that the liposomal preparation of MUC-
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1 which was used to pulse the DC might be able to bring about maturation of the DC,

but this is yet to be published (abstract included in appendix 12).

Table 40

CD 14+ cell Immature DC Mature DC
CD14 Hi Lo Neg
CD25 Neg Neg Pos
CD54 Lo Lo Hi
CD80 Neg Neg Pos
CD83 Neg Neg Pos
CD86 Lo Lo Hi
Class I Lo Lo Hi
Class II Lo Lo Hi
IL12 Neg Neg Pos

Macropinocytosis Neg Pos Neg
TNF alpha Neg Neg Pos

The phenotypic and functional characteristics of DC at different stages of
maturity.

There are a number of reasons why it might have been advantageous to use mature

DC. Those DC which have shown efficacy in animal work have been mature DC

(288). Mature DC are also known to be more potent at inducing CTL and TH1

responses in vitro than immature DC (64) . Mature DC are resistant to the

immunosuppressive effects of IL10, which can be produced by tumours (278; 303).

Mature DC have an extended half life of antigen presenting MHC class I and class II

molecules (47), and are able to rapidly generate broad T cell immunity in healthy

subjects (68).

There are however some potential drawbacks with using mature DC. Reiser C et

al(251) have shown that low doses of LPS at the initiation of DC culture induce a

state of unresponsiveness characterised by the inhibition of their capacity to produce

IL-12 and TNF alpha on LPS rechallenge. This suggests that it could be more



clinically relevant to preserve the possibility to achieve in vivo maturation through

vaccination with immature DC to allow full in vivo T cell activation into the draining

lymph nodes through efficient IL 12 production.

If in vitro maturation of DC is to be employed as part of a DC treatment strategy

there is evidence that the sequence of maturation and antigen loading may be

important. In the majority of trials published to date the DC are matured ex-vivo prior

to being pulsed with antigen. Morse and colleagues (198) have demonstrated that the

form of the tumour antigen used to load DC dictates the required sequence of antigen

loading and maturation for anti tumour immunotherapy. They showed that optimal

stimulation of CEA specific CTL by peptide loaded DC occurred when DC from

cancer patients were matured with CD40 ligand before exposure to the CEA peptide.

In contrast, optimal stimulation by CEA RNA transfected DC occurred with the DC

were loaded with the CEA RNA before maturation with CD40 ligand.

6.4.6 Timing of DC therapy

Evidence to support the use of DC in earlier clinical settings is now available.

Banchereau and colleagues have found that clinical responses correlated with immune

responses seen in patients with melanoma who had received treatment with CD34+

haematopoietic progenitor cell derived DC(21). Interestingly those responding had

low volume disease and only 3 of the 10 responders (responders were defined as

those who had no evidence of progression of disease i.e. stable disease or better) had

received prior chemotherapy, adding support for the application of DC strategies to

patients with earlier stages of disease.



6.4.7 Monitoring of the immune response

A table showing the alternative methods of monitoring the immune response in the

published clinical trials is shown below.

Table 39
First author Reference Other methods used

Toungouz (322) Intracellular cytokines
Mackensen (179) DTH, Tetramers,

ELISPOT
Morse (197) DTH

Banchereau (21) ELISPOT, DTH
Schuler-Thurner (287) ELISPOT

Salgaller (265) CTL, ELISPOT, DTH,
ELISA

Lau (164) DTH, cytokines,
Tetramers

Yu (346) CTL, tumour biopsy
Sadanaga (263) CTL, DTH, intracellular

cytokines
Nishiyama (223) CTL
Panielle (232) CTL
Brossart (36) CTL, intracellular

cytokines
Mukherji (204) Biopsy, CTL
Thurner (314) CTL, DTH

Other methods of immune monitoring employed in clinical trials of peptide
pulsed DC.

Monitoring of immune responses to tumour antigens is essential in the course of

clinical trials of specific immunotherapy in cancer. In the clinical studies performed

to date it has not been possible to find one single in vitro immunologic assay that

correlates with clinical responses. This lack of correlation may be because the

optimal vaccine strategy has not been defined yet and these early trials have not been

designed to show efficacy, or due to problems with the sensitivity of the assays.

Alternatively it may just be that the induction of new-T cell responses in cancer

patients is affected by the generalised immuno-suppression that has been observed in

the setting of advanced malignancy. Potential assay problems can be further defined



and include lack of relevance of the assay systems used, or lack of availability of

autologous tumour as a target. When tumour is available it may not label sufficiently

well to be a target for assays, may not be maintained as a cell line in culture, or may

not be able to present peptides in a form which can be recognised by T cells even if

those T cells are present. The sensitivity of the assay used as well as its specificity

has to be considered, for example the standard 51 Cr release cytotoxicity assay has a

sensitivity which is estimated to be around the level of detection of 1 CTL in 1000

(260).

Since the protocol for the current study was designed there has been an increase in

number of potential techniques for monitoring of immune responses. These now

include ELISPOT assays, assessment of intracellular cytokines and tetramer assays,

as well as a variety of molecular based techniques for detecting the expression of

specific T cell receptor genes.

In general ELISPOT is considered is considered to be about 100 times more sensitive

than the 51Cr release cytotoxicity assay (260). In one report it was said to have the

sensitivity to detect 1 in 100,000 cells, with an inter-assay coefficient of variation of

15% (17). One of the major advantages of ELISPOT is that it is thought to yield

comparable frequencies of IFN y secreting cells whether freshly harvested or frozen

and thawed PBMC are used as a source of responders (189; 340). This obviously is

advantageous from the point of view of serial monitoring in the context of a clinical

trial. Ways to increase the sensitivity of ELISPOT include the enrichment of

responder populations of cells for T cells or specific T cell subsets or performing in



vitro sensitisation with the antigen or antigen presenting cells to allow for

proliferation of antigen specific T cells. The detection of CD8 T cells specific for

melanoma associated peptides in patients with melanoma has been demonstrated

(282). Another group have used ELISPOT to monitor patients with melanoma

receiving a peptide vaccine together with an immune adjuvant (165). This group

compared the responses of their group of 9 patients to a group of normal volunteers.

Over time there was no increase in the frequencies of CD8+ cells recognising the

tyrosinase peptide in the control group, but 2 patients in the treatment group exhibited

a significant increase in the frequency of these cells during the course of

immunisation. The authors of this trial also commented that the survival for the two

patients with positive responses was remarkably long for patients with stage 4

melanoma. In patients with CEA expressing malignancies vaccinated with pox virus

CEA recombinants ELISPOT was successfully used to demonstrate an increase in

CEA specific T cell responses above that generated by peptide alone, demonstrating

that the pox virus recombinant vaccine was more potent than the peptide vaccine

alone. More importantly the assay was performed after only a 24 hour culture with

the peptide, using frozen PBMC and has shown differences in responses between the

treatment groups( 14).

In patients receiving DC based vaccines a series of trials have been reported in part

by Whiteside et al (340) ELISPOT was monitored in patients taking part in

vaccination protocols for metastatic melanoma. Three groups of patients were

treated. The first with melanoma peptides alone, the second group with the same

peptides plus an IL 12 adjuvant and the third group with peptides loaded into
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autologous dendritic cells prepared from plastic adherent PBMC cultured in GM-CSF

and IL-4. Patients received weekly treatments for 4 weeks and blood was obtained

for pre and post vaccination immune monitoring. Positively selected CD8 T cells

were tested in ELISPOT for IFN y secretion in response to individual peptides pulsed

on T2 cells. The percentage of the patients in whom an increase in peptide specific T

cell responses was seen increased over each of the three trials with the group who

received DC vaccination having the highest number of responders. Clinically this

was also the only group of patients in whom evidence of response was seen. Other

groups are beginning to apply this technology to both normal controls (61; 64), and to

patients receiving DC based vaccination schedules. Tumour types where it has been

used include multiple myeloma (316), prostate (265; 295)and melanoma (17; 179;

287). In the melanoma studies there is some contradiction between the trials in terms

of the success in generating an ELISPOT response. One (287) showed that there was

a highly significant increase in the number of spots upon vaccination with the Mage

3A2.1 pulsed mature monocyte derived DC, whilst the other did not find any increase

in the ELISPOT responses (179). It will be interesting to see if other trials report that

there is a correlation between the patients who respond to therapy and those in whom

ELISPOT becomes positive.

It is possible to use clonotypic TCR-specific primers to assess the presence of antigen

specific T cells amongst complex lymphocyte populations using reverse transcriptase

PCR based techniques. For this technique to be practical and applicable the TCR

repertoires or antigens must be uniformly restricted, which is not the case. It looks

unlikely that this will be a useful method for monitoring of large numbers of patients
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involved in immunotherapy protocols, and has not been reported in any of the clinical

studies published to date. Alternatively, intracellular cytokines are being used

increasingly in DC immunotherapy protocols.

There is also an issue relating to when the best time to detect response to DC therapy

is. The number of circulating antigen specific CD8+ T cells is rapidly enhanced

following DC injection, and peaks by 7-30 days following DC injection. The

measured responses then decline over the next three months, due to either loss of

function or loss of T cells (61). Peak responses may not be manifest until 1-3 months

after the injection and frequent DC injections may actually be detrimental by inducing

activation induced cell death (61).

Although there has not yet been one assay which has been demonstrated to be

reproducibly correlated with clinical responses there are now beginning to be some

reports that there is evidence of this emerging. In Banchereau and colleagues trial in

melanoma patients (21) of CD34+progenitor derived DC's pulsed with a cocktail of

HLA A2 restricted melanoma antigens 10 patients had no evidence of disease

progression on assessment after the end of the study. Of these 10 patients 3 had

stable disease, 4 had evidence of a minor response and 3 had completely cleared their

pre-existing disease, although they had limited disease at entry to the study (see

introduction for more details on this trial). Immune responses were assessed by the

use of a recall antigen (Flu matrix protein), ELIPSPOT and DTH responses. Using

the ELI SPOT responses only one of the patients who responded to 3 or 4 of the

melanoma antigens following the vaccination schedule had evidence of progressive
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disease on restaging at week 10. This was compared to patients who responded to 0,

1 or 2 of the melanoma antigens. Of these patients 6 of the 7 had evidence of

progressive disease at week 10. The difference between these two groups was

statistically significant using Fishers exact test.

Similarly Fong and colleagues (91)have reported that in patients with CEA positive

primary tumours vaccination of patients with DC pulsed with an altered peptide

ligand of CEA resulted in an increase in CEA specific CTL in 7 of 12 patients and in

the detection of antigen specific tetramers in 5 of 12 patients. There were 5 patients

with some objective evidence of responses (stable disease or better) and in these

responders the percentage of tetramers was correlated. The absence of a CTL or a

tetramer response was associated with progressive disease.

The practicality of the assay has also to be considered, with attention paid to

reproducibility, ease of performance and cost. The ideal assay is one that can be

performed on cryo-preserved cells. Reproducibility of the chosen assay over a period

of longitudinal monitoring is vital for studies such as these.

Interestingly, again all of these newer techniques are aimed at the detection of

circulating CTL's, and although they have increased sensitivity for detection of these

cells, are these circulating cells the ones that are relevant to the response that is

generated following immunisation. The relationship between peripheral CTL activity

and tumour rejection has not been unequivocally established in any of the clinical

trials which have been performed (138; 158; 219; 263; 318; 346).
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The precise mechanism of tumour rejection following vaccination is not completely

understood and knowledge of this would allow tailoring of techniques for monitoring

of the immune response. Should we be looking for techniques that are aimed at

reflecting what is actually going on with in the tumour, rather than in the systemic

circulation?

6.5 General conclusions from this study

The current study has demonstrated that MUC-1 pulsed dendritic cells represent a

safe, tolerable treatment for patients with advanced malignancies including breast

cancer. It was not feasible to generate sufficient DC from a unit of whole blood. A

maximum dose of lxlO6 DC per kilogram of body weight was administered safely,

DC having been generated from a leucapheresis product. There was some evidence

of non -specific immune stimulation following DC therapy, although specific anti-

MUC-1 responses were not consistently detected. One patient had some evidence of

disease stabilistation after prior disease progression, but this was short lived.

Many hundreds of patients have now been involved in DC trials world wide and it is

important that we use the information obtained from these studies, whether positive

or negative to help us to optimise the methodology that is available. As yet there is

no international collaborative effort where groups are working towards a common

goal of finding a beneficial strategy, there are many groups initiating trials using

similar methodologies to those which have already been used with little apparent

benefit. It is not yet clear which of the types of approach will be the one which has a



beneficial effect for the patients, but the least that should be done is that a core set of

data should be gathered from ongoing trials so that they can at least be directly

compared with each other. For example all trials should describe the phenotype of

the cells which have been returned to the patients with particular reference to a

defined set of markers. Another important outcome has been the detection of immune

response to these therapies, but the methods used have been varied, and it may be

prudent to suggest that patients have a core set of assays included in their follow up

schedule.
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ConA Concavalin A

CRP C reactive protein



cRPMI Complete RPMI

CTL Cytotoxic T lymphocyte

D Days

D Days

DC Dendritic cell

DNA Deoxyribonucleic acid

DTH Delayed type hypersensitivity

EBV Eptsein barr virus

ECOG Eastern Co-operative oncology group

ER Oestrogen receptor

F Female

FACS Fluorescent activated cell sorting

Fc Fractional crystalline

GM-CSF Granulocyte Macrophage colony stimulating factotr

GMP Good Manufacturing Practice

H Hours

Hb Haemoglobin

HER-2 Her 2 gene product

Hi High

HLA Human Leucocyte antigen

Hrs Hours

HRT Hormaon Relplacment therapy

ICAM Intracellular adhesion molecule

IDC Interstitial dendritic cell



IFN y Interferon gamma

Ig Immunoglobulin

IL Interleukin

Kg Kilograms

KLH Kehole Limpet Haemocyanin

LC Langerhans cell

LDA Limiting dilution assay

LFA Leucocyte function associated antigen

Lo Low

LPS Lipopolysaccharide

LREC Lothian Research Ethics Committee

Lymph Lymphocytee

M Male

MCA Methylchloranthene

MCM Monocyte conditioned medium

MHC Major histocompatibility complex

MIP Macrophage inflammatory protein

MLR Mixed lymphocyte reaction

Mo Monocyte

mRNA Messenger Ribonucelic acid

MUC-1 Mucin 1

N No

N/G Not given

N/K Not known



Neg Negative

NHL Non Hodgkins Lymphoma

NK Natural Killer cell

NPI Nottingham prognostic index

Npl Neutrophil

OCP Oral Contraceptive pill

PAP Prostatic acid phosphatase

PBMC Peripheral Blood mononuclear cells

PBS Phosphate buffered saline

PD Progressive disease

PGE2 Prostaglandin E 2

PHA Phytohaemagluttinin

Pit Platelet

Poly I:C Poli inosilic cytidilic acid

Pos Positive

PPD Purified protein derivative

PSA Prostate specific antigen

PSMA Prostate specific membrane antigen

PSMP-1 Prostate specific membrane protein 1

PSMP-2 Prostate specific membrane protein 2

RNA Ribonucleic acid

SD Stable disease

sMUC-1 Sderum MUC-1

SNBTS Scottish National Blood Transfusion Serivce



TAA Tumor associated antigen

TCR T cell recptor

TH1 T helper type 1

TH2 T helper type 2

TIL: Tumour infiltrating lymphocytes

TNF a Tumour necrosis factor alpha

TNM Tumor Node Metastases

UICC International Union against Cancer

VCAM-1 Vascular Cellular Adhesion Molecule

VEGF Vascular endothelial growth factor

WCC White cell count

Y Yes



LIST OF FIGURES

Page
1. Dendritic cells 28

2. Dendritic cell life cycle 40

3. Schematic representation of MUC-1 64

4. DC after 5 days in culture, no cryopreservation 100

5. Day 5 DC cryopreserved and thawed 100

6. FSC and SSC properties of fresh and
cryopreserved DC

102

7. Effect of cryopreservation on DC markers 103

8. Flow cytometric characteristics of thawed cells
and those thawed and then returned to culture
for a further 24 hours

105

9. Effect of length of culture period on DC
morphology

107-109

10. Percentage of starting cells harvested after
varying culture lengths

110

11. FSC and SSC properties of DC which have been
in culture for varying amounts of time

111-114

12. Surface marker expression by DC after culture
periods of varying lengths

115

13. Morphology of DC generated with and without
pI:C

117

14. Percentage of starting cells harvested, poly I:C
containing cultures

118

15. FSC and SSC characteristics of cells exposed to
poly I:C

119-121

16. Surface marker expression by DC after varying
culture periods, Poly I:C added on day 3

123

17. Surface marker expression by DC after varying
culture periods, comparing poly I:C exposed
cells with those not exposed to poly I:C

124

18. Effect of poly I:C maturation of DC on
autologous PBMC proliferation

126

19. Effect of pEC on DC ability to cause autologous
PBMC proliferation in response to PPD

127

20. FSC and SSC properties of cells which have and
which have been exposed to TNF alpha

128

21. Effect of TNF on percentage of all cells in R1 129



22. Effect of TNF alpha and PPD on expression of
DC surface markers

131

23. Effect of TNF alpha maturation of DC on
autologous PBMC proliferation

132

24. Effect of TNF on DC ability to cause autologous
PBMC proliferation in response to PPD

133

25. FSC and SSC properties of DC, comparing
those which have not been exposed to additional
gamma interferon with those which have not

134

26. Percentage of cells positive in R1 after
stimulation with different maturational agents

135

27. Effect of IFNy on DC ability to cause

autologous PBMC proliferation after pulsing
with PPD

136

28. No additional effect from addition of IFNy 136

29. Staff preparing DC for the clinical study within
the GMP clean room facility

154

30. Haemoglobin over trial follow up 178

31. Total white cell count over follow up - per
patient

179

32. Neutrophil count over follow up - per patient 180

33. Lymphocyte count over follow up - per patient 181

34. Number of patients with lymphocyte counts
below the lower limit of normal at each follow

up point

181

35. Platelet count over trial follow up - per patient 182

36. Complement levels over follow up 186

37. Levels of circulating immune complexes over
follow up

187

38. Levels of immunoglobulins over follow up 188

39. C reactive protein levels over follow up 189

40. Patient PPD responses pre and post treatment 192

41. Control PPD responses, tests performed 14 days
apart

193

42. Chest x-ray series, patient 5 196-198

43. Tumour markers and serum MUC-1 levels over

follow up

199



44. Mean ConA proliferation as a percentage of the
control proliferation in AB serum and
autologous plasma

207

45. Mean ConA response as a percentage of the
control response. Comparing different DC dose
levels. In AB serum.

207

46. Mean patient PHA response, as a percentage of
the control response in both AB serum and
autologous plasma.

209

47. Association between DC dose and PHA

response.

210

48. Mean PPD response 211

49. PPD responses by DC dose level 212

50. Comparison of the mean MUC-1 response in
patients undergoing donation of a blood pack
for the generation of DC and patients
undergoing a single apheresis.

215

51. Mean value obtained for MUC-1 specific
proliferation.

217

52. Mean MUC-1 specific proliferation to
autologous DC, patients 9-12.

218

53. Patient number nine proliferation responses 220

54. Patient 9 MUC-1 proliferation to MUC-1
peptide over time

221

55. MUC-1 specific proliferation, patient 9. 221

56. Proliferation specific to BLP-25 pulsed DC,
patient 9.

222

57. Mean cell number harvested, CM alone 228

58. Resting and activated lymphocytes 228

59. Percentage of cells activated, CM alone 229

60. Mean number of CD3+ and CD3+/CD45RO+
cells in patient and control samples from CM
cultures

229

61. Mean CD4 cells over time, culture medium
alone

230

62. Mean numbers of CD8 cells over time, culture
medium alone

232

63. Mean number of cells harvested, Con A
stimulated cultures.

232



64. Mean percentage of activated cells, ConA. 233

65. CD 19 mean, ConA stimulated cultures. 234

66. Mean patient CD19/CD45RO co-expression
after ConA culture

235

67. Mean number of CD 4 lymphocytes, ConA
stimulated cultures

235

68. Mean ratio of CD4 to CD8 cells, ConA
stimulated cultures

236

69. Mean cell number harvested, PHA stimulated
cultures

236

70. Mean cell number, PHA stimulated cultures,
different DC dose levels

237

71. Mean number of activated cells, PHA
stimulated cultures

238

72. Mean number of CD 19 positive cells after days
in PHA.

238

73. CD 19+ cells, PHA, DC dose levels 239

74. Mean number of CD3+ lymphocytes, after 3
days in PHA

240

75. Mean number of CD3+/CD45RO+

lymphocytes, PHA
242

76. Mean CD3 + cells, PHA, blood pack versus
leucapheresis

242

77. Mean CD3+/CD45RO+ cells, PHA, blood pack
versus leucapheresis

244

78. Mean number of CD3 positive cells, PHA, dose
levels

244

79. Mean number of CD3+/CD45RO+ cells, PHA,
dose levels

244

80. Mean numbers of CD4 + lymphocytes, PHA 245

81. Mean CD4+ T cells, PHA 246

82. Mean CD4+/CD45RO+ cells, PHA, dose level 1
versus dose level 3

247

83. Mean CD4+/CD45RO+ cells, PHA, dose level 2
versus dose level 3

247

84. Mean CD4+/CD25+ cells, PHA, dose levels 248

85. Mean CD4/HLA DR positive cells, PHA, dose
levels

248

86. Mean numbers of CD8+ lymphocytes, PHA 249



87. Mean CD8 positive cells, PHA, blood pack
versus leucapheresis

250

88. Mean CD8/CD45RO positive cells, PHA, dose
levels

250

89. Mean CD8/CD25 positive cells, PHA, dose
levels

251

90. Mean CD8/HLA DR positive cells, PHA, dose
levels

252

91. Mean ratio of CD4 to CD8 cells in patients and
controls over time following PHA culture

252

92. Mean cell number harvested, PPD 253

93. Total number of cells harvested from PPD

cultures, effect of CD dose
254

94. Total cell number harvested, by clinical PPD
response

254

95. Effect of DC dose on number of activated

lymphocytes in PPD cultures
255

96. Mean number of CD3 lymphocytes, PPD 256

97. Mean number of CD3+/CD45RO+

lymphocytes, PPD
256

98. Mean CD3 positive cells, PPD, dose levels 258

99. Mean CD3/CD45RO positive cells, PPD, dose
levels

258

100. Mean CD4 positive cells, PPD, dose level 259

101. Mean CD4/CD45RO positive cells, PPD, dose
level

259

102. Mean CD4/CD25 positive cells, PPD, dose level 259

103. Mean CD4/HLA DR positive cells, PPD, dose
level

260

104. Mean CD8 positive cells, PPD, dose levels 261

105. Mean cell number harvested, BLP-25 261

106. Mean percentage of activated cells, BLP-25 262

107. CD4/CD45RO positive cells, BLP-25, different
DC dose levels

263

108. Mean CD8+ cells, BLP-25, different DC dose
levels

263

109. Mean ratio of CD4 to CD8 cells, BLP-25 264



LIST OF TABLES

Page
1. TNM staging of breast cancer 4

2. Stage grouping of breast cancer 5

3. Nottingham Prognostic Index 8

4. Classification of tumour antigens 20

5. Differences between immunisation for infectious diseases and
immunisation for cancer

27

6. Surface molecules expressed on dendritic cells 29

7. Phenotypic and functional characteristics of cells at different
stages of maturity

30

8. Comparison of mature and immature DC 36

9. Approaches to pulse DC 54

10. Variables in clinical trials 75

11. DC generation methods in published trials, categorised by
type of agent used to pulse cells

76

12. Markers expressed by DC within clinical trials. Categorised
by type of agent used to pulse DC

80

13. Agents used to pulse DC in published trials 82

14. Advantages and disadvantages of traditional methods used to
monitor the immune response

86

15. Amended dose schedule 149

16. Monoclonal antibodies used 162

17. Patient characteristics at study entry 165

18. HLA types and study number allocation 167

19. Disease status at trial entry 168

20. Cells available for DC generation 170

21. Dose 1 details 172

22. Dose 2 details 173

23. Cumulative dose of DC received per kilogram of body weight 174

24. Injection site reactions - injection 1 175



25. Injection site reactions - injection 2 176

26. Base line haematology results 177

27. Base line biochemistry results, including renal function 183

28. Base line liver function tests, except patients 2 and 9 183

29. Base line lever function tests, only patients 2 and 9 184

30. Initial levels of complement and circulating immune
complexes

185

31. Base line serum immunoglobulins 187

32. Base line levels of C reactive protein 188

33. Conversion table for grading of PPD response 190

34. Initial PPD test results 191

35. Initial PPD test results - controls 192

36. Toxicity possibly related to treatment 194

37. Clinical response assessments 195

38. Further progress after trial follow up complete 201

39. Patients who donated blood for immunological analysis at
each of the trial follow up points

203

40. Summary of proliferation data 206

41. Summary of FACS data 226

42. The phenotypic and functional characteristics of DC at
different stages of maturity

289

43. Other methods of immune monitoring employed in clinical
trials of peptide pulsed DC

291



 



APPENDIX 1. - trial protocol

A FEASIBILITY STUDY TO EVALUATE AUTOLOGOUS CULTURED
DENDRITIC CELLS AS ADOPTIVE IMMUNOTHERAPY IN PATIENTS WITH
RELAPSED BREAST CARCINOMA.

MAY 1999



PRINCIPAL CLINICAL INVESTIGATORS.

Dr Marc Turner,
Senior Lecturer I Honorary
Consultant Haematologist
Academic Transfusion Medicine Unit,
12 Bristo Place,
Edinburgh EH 1 1 EY.

Tel: 0131 225 8404

Fax: 0131 225 2296
e mail: marc.turner@snbts.csa.scot.nhs.uk
Dr Bob Leonard,
Consultant Medical Oncologist,
Department of Clinical Oncology,
Western General Hospital,
Crewe Road,
Edinburgh EH4 2XU.
Tel: 0131 537 1000

RESEARCH INVESTIGATORS.

Scottish National Blood

Transfusion Service.
Dr Ian Downing
Dr Robin Fraser

Mrs Anne Atkinson

University ofGlasgow
Dr John Campbell
Dr Gordon Cook

University ofEdinburgh
Dr Martin Waterfall
Dr Fiona Nussey

Biomira.

Dr Mark Krantz
Dr Joanne Parker



1. INTRODUCTION

Breast carcinoma is potentially curable only when truely localised. The most
common problem is either late presentation with overt metastases or, more

frequently, the development of systemic metastases after apparent local cure.
Metastatic breast carcinoma is highly chemosensitive and effective chemotherapy
routinely induces disease remission, allowing delay in the onset of secondary disease
or amelioration of the symptoms of extensive disease. We are currently undertaking a
dose intensification study which demonstrates that complete clinical remissions can
be achieved in a proportion of patients with established metastatic disease. However,
it is difficult to demonstrate a long-term survival advantage because relapse occurs in
approximately 95% of patients after a clinical remission of variable extent and
duration. This suggests that subclinical minimal residual disease remains after most
standard therapeutic approaches and eventually gives rise to disease relapse. The
mechanisms which give rise to this, sometimes protracted, tumour dormancy are
unknown, but it has long been thought that effective immunological surveillance is a

key issue.
Adoptive immunotherapy is based on the proposition that tumour growth and
dissemination reflects a failure in immunological surveillance, either due to reduction
in antigen presentation by the neoplastic cells or due to generalised decline in patient
immunity. There is evidence that both mechanisms occur in breast carcinoma and in
particular that there are important deficiencies in dendritic cell (DC) function
(Gabrilovich et al. 1997). Nevertheless, cytotoxic T cell responses can be
demonstrated in vitro to immunogenic peptides such as mucin-1 (MUC-1) and c-erb
B2.

DC are professional antigen-processing and -presenting cells which are critical to the
development of primary MHC-restricted T-cell immunity. They originate from a
CD34+ precursor in bone marrow, but can also be derived from a post colony-
forming unit CD 14- intermediate in the peripheral blood. DC migrate to peripheral
sites in skin, mucosa, spleen and thymus. They have been implicated in a variety of
clinically important processes, including allograft rejection, atopic disorders,
autoimmunity and anti-tumour immunity.
It is possible to culture DC ex vivo from CD34- stem cells or CD14- peripheral
blood monocytes using cytokines, principally GM-C SF and IL-4. DC from both
these sources are immunocompetent and can take up exogenously presented antigen,
process it and then present it to cytotoxic T-cells (Grabbe et aL 1995; Girolomoni &
RicciardiCastagnoli, 1997). Recent studies have demonstrated that DC can transfer
antigen-specific tumour immunity generated in vivo (Kwak et al. 1995) and that
autologous DC pulsed with tumour antigen ex vivo can induce a measurable anti-
tumour effect (Hsu et al. 1996). DC can be effectively pulsed using a crude tumour
membrane lysate, purified peptides or peptide fragments.
MUC-1 is a high molecular weight glycoprotein expressed by various cancers

including those of the breast, pancreas and ovary. Although MUC-1 is expressed by
normal cells, adenocarcinomas display alterations in distribution and intensity of



expression, as well as changes in peptide and carbohydrate structure. IVIUC-1
epitopes have been shown to be immunogenic in mice and early clinical vaccination
studies with synthetic peptide have demonstrated no evidence of toxic side effects or

development of autoimmunity (Apostolopoulos & McKenzie, 1994).

The objective of this study is to establish the feasibility of using ex vivo expanded
autologous dendritic cells from patients with recurrent breast carcinoma, loaded with
a purified preparation of the tumour antigen MUC- 1 and readministered as adoptive
immunotherapy.
This project brings together the expertise of the Edinburgh Breast Unit and the
Clinical Oncology Directorate at the Western General Hospital, Edinburgh in the
clinical management and molecular biology of breast carcinoma, with that of the
Scottish National Blood Transfusion Service in immunology and ex vivo
haemopoietic cell manipulation.

2. OBJECTIVES

The study aims to:
• establish optimal methodology for the generation of autologous DC by ex vivo

expansion from peripheral blood of patients with recurrent breast carcinoma.
• assess the feasibility of loading DC with exogenous peptide (MUC- 1) and

generating in vitro T cell responses to the neoantigen..
• examine acute tolerability and toxicity of autologous reinfusion.
• examine whether an immune response to MUC- 1 develops
• examine the effect on assessable tumour disease
The primary endpoints of the study will be extent of DC expansion and toleration of
remfusion.

The secondary endpoints will include measures of general immune function and
assessment of humoral and cellular immune responses to the MUC- 1 antigens pre-
and post infusion. Also, the effect on tumour markers including CEA, CA15.3 and
sMUC-1 will be assessed.

The choice of therapeutic end points presents some difficulties. We envisage that
adoptive immunotherapy is likely to prove most effective in the control or
elimination of minimal residual disease rather than in the reduction of bulk disease.
The former will only be evaluable in long-term prospective controlled studies.
Moreover, it is conceivable that immunotherapy may temporarily increase the
dimensions of bulk disease due to influx of cytotoxic T lymphocytes. For these
reasons, and because this is a phase I study, extent and bulk of disease will be
monitored following therapy but not used as a formal endpoint.
Patients will be followed up in the routine manner in the long term to ensure that no

long term adverse events are manifest.



3. BACKGROUND WORK.

3.1. Dendritic cell culture from normal donors.
We have carried out considerable pre-clinical work over the last 2 years in
optimising a

methodology for the generation of clinically relevant numbers of DCs loaded with
MUC-1 from the peripheral blood of normal individuals. Briefly, a 450ml blood
donation is subject to standard component processing by the Scottish National Blood
Transfusion Service whereby the buffy coat is separated from red cells and plasma in
a fully closed sterile system. Peripheral blood mononuclear cells are prepared over

FicollHypaque, washed in RPMI medium and transferred to plastic tissue culture
flasks, where they are allowed to incubate for 2 hours. This is sufficient to allow the
monocytes to selectively adhere to the plastic and other mononuclear cells are
decanted off with the supernatant. The adherent fraction is cultured for 3 days in
RPMI with 1% AB serum, 15ng/ml of LL-4 and 50ng/ml of GM-CSF. DC develop
through maturation, are non-adherent to the plastic surface and can therefore be
decanted off at the end of the culture period. Repeated experiments yield a median of
300 x 106 DCs, though the range is wide (14 to 890 x 106 n 19) (Appendix IV). The
DCs demonstrate typical morphology and an immature phenotype with high levels of
CD 1 a and HLA-DR but low levels of CD83 (Appendix IV). This is the state in
which DCs are most receptive to antigen uptake. There is no clear indication as to
why normal healthy individuals display such a wide range of responses to
standardised culture conditions.

3.2. Loading dendritic cells with MUG-i and analysis offunctional response.

Optimal loading of DCs was examined under a variety of time points / culture
conditions and MUC-1 preparations (Appendix V). Autologous T cell proliferation
assays were used as a functional read out. T cell proliferation was found to be
induced to both recall and neo-antigens. The best conditions for induction of MUC-1
responses appear to be Day 3 DC cultured in 1 % AB serum with exposure to MUC-1
encapsulated in small liposomes (Biomira).

3.3 Immunological responses in patients with relapsed breast carcinoma. There was
concern that patients with Breast carcinoma may have impaired T cell function. A
study was carried out in which T cell numbers, subsets and proliferative responses to
mitogens and recall antigens were examined in a group of patients pretreatment, on
treatment and post-treatment and a group of controls (Appendix VI). Even though
most patients were lymphopenic by standard peripheral blood count and flow
cytometry, the majority were able to mount proliferative responses to mitogens and
(where previously BCG immunised) to the recall antigen PPD.



4. PATIENT SELECTION AND ENROLEMENT.

4.1. Inclusion criteria

Patients with localised relapse or metastatic breast carcinoma.
Previous treatment with cytotoxic chemotherapy or hormonal therapy.
Assessable disease.
Survival predicted to be >12 weeks.
Fulfill criteria for autologous blood donation (including HgB> 120gl 1).
Previous BCG vaccination.

Informed consent.

Age between 18 years and 70 years.
4.2. Exclusion criteria.

Pregnancy.
CNS metastases.

Previous or concomitant metastases.

Treatment (chemotherapy, radiotherapy or hormonal therapy) within 4 weeks.
Immunosuppressive agents (including steroids).
Systemic autoimmune disease (except diabetes mellitus)
Unable to give informed consent.
Consent refused.

Age <18 years or >70 years.
4.3. Patient Enrolement
The study will be discussed with patients who fulfill the entry criteria and informed
consent will be obtained at least 24 hours later.

5. DESIGN OF THE CLINICAL STUDY.

5.1 Pre-screen.

The potential exists that it will not prove possible to generate DCs from peripheral
blood of all patients with Breast carcinoma. The suitability of patients for entry to the
clinical study will therefore be evaluated by preliminary evaluation in which 80mls
of blood will be required. 30mls will be used for assessment of general immune
function including peripheral blood count, flow cytometry and proliferative
responses to mitogens and recall antigens and 50mls will be used for small scale DC
culture with MUC-1 loading and autologous T cell proliferation. Patients
demonstrating good DC generation and immune function will be offered entry to the
clinical study. Those who demonstrate poor DC generation or immune function will
be offered a repeat screen and entry to the study if this is adequate. Patients with poor
DC generation or immune function on both screens will not be entered into the
clinical study.

5.2 Preparation ofclinical product.
Selected patients will be off all treatment for 4 weeks prior to entry to the study, will
be on no immunosupressive medication (including steroids) and will have assessable
disease. Only patients with adequate DC generation and immune function on pre-



screening will be eligible for the clinical arm of the study. These patients will be
invited to donate a single unit of autologous blood. This will be carried out at
Edinburgh Blood Transfusion Service facilities according to standard protocol.
Patients will need to fulfill established criteria of safety for autologous blood
donation (Roberts, 1991) and will be evaluated prior to donation by a blood
transfusion service physician. In the UK it is mandatory to screen autologous
donations in the same way as allogeneic donations for routine virus markers (HIV,
HBV, HCV and syphilis) and patients will have to consent to this after appropriate
counselling if they wish to participate in the study. This precaution protects clinical
and laboratory staff from potential infection and the routine blood supply from the
possibility of cross-contamination. The blood will be taken into a routine quad-pack.
This allows sterile separation of red cells, buffy coat and plasma by Edinburgh BTS
components laboratories. The red cells will be saved and may be used for autologous
transfusion if necessary. The sterile bully coat will be transferred to SNBTS Tissue
Bank at Liberton, Edinburgh where it can be handled in GMP grade sterile clean
room facilities. Wherever possible GMP grade reagents will be used, where this is
not possible a fresh batch of reagent will be tested for efficacy and sterility in
house before use. AB serum will be of clinical grade, from a regular blood donor
subject to the usual donor selection and screening criteria. Donor serum is used in
preference to autologous because of the probable presence of humoral
immunosuppressive factors in patient sera. Cell manipulation, culture and storage
will be undertaken within this

facility according to a standard operating procedure (Appendix VI). Following
culture DC will be washed and aliquoted. Aliquots may be used fresh or

cryopreserved using standard techniques. Prior to clinical use DC will be incubated
for 2 hours with the small liposomal preparation of MUC- 1 and following this will
be resuspended in a small volume (1ml) of RPMI with 1 % AB serum and transferred
to the Western General Hospital, Edinburgh in a capped syringe enclosed in a

protective sterile container.

5.3 Readministration and dosage /scheduling.
DC will be administered in 1ml of carrier medium by subcutaneous injection in 2
sites (split dose) under the direct supervision of an experienced physician on Ward 5
at the Western General Hospital Edinburgh where resuscitation and supportive care
facilities are available. Patients will be maintained under close observation in the
ward for 24 hours during the initial phases of the study. If confidence grows during
the latter phases of the study, patients may be allowed home after a shorter period of
observation.

The first 8 patients will receive an escalating dose of DC of 4 (once weekly)
subcutaneous injections namely 0.05xl06, O.lxlO6, 0.15xl06and 0.2xl06/kg.
The second 4 patients will receive an equal dose of DC of 4 (once weekly)
subcutaneous injections namely 0.125x106/kg.
No patient will receive more than a total dose of 0.5x106/kg DC.



5.4 Expected toxicity.
Clinical studies elsewhere have not reported significant sytemic toxicity.
Premedication with anti-pyretics will not be administered routinely, but may be
prescribed if pyrexia or flu-like symptoms develop. Inflammation and ulceration at
the local site of
innoculation has been described in other clinical studies. In this study the sites of
innoculation will be rotated.

6. TREATMENT MONITORING

6.1. Data Collection
Case Report Forms will be provided for each patient. Each page will be completed in
blue or black ink. Any errors will be crossed out with a single line and the correct
value entered alongside. The change will be dated and initialled by the person

making the
correction. The original entry should still be legible. Snopake, Liquid Paper etc
should not be used.

6.2. Patient Details

name, date of birth
height & weight tumour histology tumour size and dissemination previous
management concomitant disease
drugs taken in the 7 days prior to DC infusion. Karnofsky score

6.3. Pre-Treatment Assessment (within 10-14 days ofentry).
Clinical evaluation.

FBC, renal function, biochemistry and liver function tests.
Flow cytometry evaluation of T & B lymphocytes, DC, T4/T8 subsets.
Immunoglobulin electropheresis, CIC, complement, C reactive protein.
HLA type.
Evaluation of disease (clinical and radiographic as appropriate).
T cell proliferative response to MUC-1 and PPD.
Skin testing for delayed hypersensitivity response to MUC-1 and PPD.

6.4 Immediate Post-Treatment Assessment.

Monitoring of vital signs (pulse, bp, temperature) l/4hourly for the first hour, hourly
for the next 4 hours and 4 hourly thereafter for 24 hours.
An enquiry will be made about post treatment morbidity.

6.5 Post-treatment Assessments.

Clinical and laboratory parameters outlined above will be evaluated at 24hours, 7
days after each dose, and at 7, 14 days, 1 month and 3 months after the completion of
therapy according to the schedule of events (Appendix VII).
A patient diary will be kept.



6.6 Monitoring ofDisease Activity.
Disease evaluation will be carried out at entry, 28 days and 3 months following
completion of therapy.
If lytic bone disease is the predominant disease type this will be followed by plain X
ray rather than repeat bone scan.
Patients with predominant chest wall disease will be monitored by clinical
photographs. Apparent responders will have their X rays / scans reviewed by a

radiologist. Evidence of disease progression such as an increase in tumour bulk of
>25%, the appearance of new disease or a deterioration in symptoms will be
managed by salvage chemotherapy. All patients will be followed up long-term.

7. STATISTICAL DESIGN

Descriptive statistical analysis will be performed where appropriate.

8. TRIAL TERMINATION

The study will be terminated if:
Recruitment is too slow to allow accrual of an adequate number of patients in a
reasonable length of time.
Evidence is gained that patients are being exposed to an unacceptable risk.
For any reason, it is not possible to continue to produce the trial material.

9. PATIENT WITHDRAWAL

Patients may withdraw from the study at any time without giving any reason.
Patients experiencing any kind of adverse reaction may be withdrawn by the
investigator at his discretion.

10. ETHICS CONSIDERATIONS

The protocol will require approval by the Lothian Research Ethics Committee prior
to entry of any patients into the study.
The trial will be conducted in accordance with the requirements of Good Clinical
Practice as set out in the rules published by the European Community (Final Version
111/3976/88-EN).
The study will also comply with the Declaration of Helsinki as adopted by the igth
World Medical Assembly, Helsinki, Finland, 1964 and amended by the 29th World
Medical Assembly, Tokyo, Japan, 1975, the 35th World Medical Assembly, Venice,
Italy, 1983 and the 41St World Medical Assembly, Hong Kong, 1989.
Fully informed consent will be obtained from the patients with the option that the
patients may refuse to take part in the study and may at any time withdraw from the
study without giving reasons, without affecting the patients' treatment in any way. A
sample Consent Form and Information For Patients is attached as Appendix I & II.



Patient confidentiality will be maintained. Patients' names will appear only on
internal documentation and in any external report or publication relating to the study
patient anonymity will be ensured.
The patient's general practitioner will be informed of the patient's participation in
the study. A letter for this purpose is attached as Appendix III.
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APPENDIX I: INFORMATION FOR PATIENTS

A PHASE I CLINICAL STUDY TO EVALUATE THE USE OF ELY VIVO
CULTURED AUTOLOGOUS DENDRITIC CELLS AS ADOPTIVE
IMMUNOTHERAPY IN PATIENTS WITH RELAPSED BREAST
CARCINOMA.

We invite you to participate in a research project aimed at the development of a new

type of treament for Breast Cancer. To help you understand what the research
involves, we are providing you with the following information which you should
understand before you decide whether to participate. Be sure to ask any questions
you have about the information that follows and we will do our best to explain and to
provide any further information you require.

Why am I being asked to take part in this study?
You have been invited to participate in this study as you have a breast tumour which
has returned after initial treatment. Although standard drug treatment (chemotherapy)
can control the disease, complete eradication of the disease is difficult to achieve. We
are trying to develop an alternative form of treatment which aims to use your body's
own immune system to fight the disease. The new treatment will be used in
association with (not instead of) standard drug treatment.

What will it involve?
In the first instance we will take a sample of your blood (approximately 80mls) to
try to grow special cells from it in the laboratory. The cells we are looking for are
called Dendritic Cells and are responsible for kick-starting the immune response to
foreign or abnormal cells. Some patients with poor cell growth may be offered a re-
test. If this also gives a poor response, then the clinical phase of the study would not
proceed and alternative treatment will be considered.
However, if the initial screen is successful, we will arrange to take a standard blood
donation (about 400mls) from you. The cells from your blood will be cultured in the
laboratory for 3 days and then returned to you by an injection under the skin. Some
cells will be returned immediately and some will be stored and returned once per
week over the next 3 weeks. You will need to stay in hospital overnight following
the injection for routine monitoring.

What are the risks involved in takingpart in the study?
Your own doctors will not admit you to the study unless they think you are fit
enough to donate a unit of blood and undergo the treatment.
There is a small risk associated with donating a unit of your blood but this should be
no more than that experienced by other patients donating their own blood for storage
prior to surgery and only slightly greater than that experienced by normal blood
donors. You will be evaluated by a blood transfusion service doctor prior to being
allowed to donate a unit to ensure that you are fit enough to do so. It is compulsory in
this country for all blood donations to be tested for viruses including HIV (the AIDS



virus) and hepatitis. This is to protect the clinical and laboratory people working with
your blood. You would be informed in the event that any of these tests were positive.

In similar clinical studies elsewhere some patients have experienced flu like
symptoms or inflammation / ulceration at the site of injection. We will monitor you
for potential side effects.

We cannot guarantee that you will be able to receive your cells back. For example
your cells may not grow well in the laboratory. Also, there is a risk that the cell
donation could become infected during the culture period, in which case it would be
dangerous for you to receive them back. The scientists responsible for the cell culture
will take every possible precaution to ensure that this does not occur but we would
want to be sure of the sterility of the product before allowing you to receive it.
All information obtained will remain confidential. Although you will be named in
internal documentation, anonymity will be preserved in any external reports or

publications.
If you are worried you can contact the Dr Leonard or a member of his team at any
time, the staff will be able to help you. We will notify your own doctor (your GP)
about this study if you agree to take part.

The independent Medical Research Ethics Committee, which has the responsibility
of assessing all applications to undertake clinical research involving patients in
Edinburgh, has scrutinised this study and has raised no objections.
This information for patients is intended to assist you in deciding whether to take
part in the clinical trial. If you agree to do so, you should sign the standard consent
form which is to be presented with this document.

Can I refuse to take part in this study?
Participation in this study is entirely voluntary and you are free to refuse to take part
or to withdraw from the study at any time without having to give a reason and
without this affecting your future medical care.



APPENDIX II: PATIENT CONSENT FORM.
A PHASE I CLINICAL STUDY TO EVALUATE THE USE OF EXV1VO
CULTURED AUTOLOGOUS DENDRITIC CELLS AS ADOPTIVE
IMMUNOTHERAPY IN PATIENTS WITH RELAPSED BREAST
CARCINOMA.

Have you read the Patient Information Sheet? YES/NO

Have you had an opportunity to ask questions and discuss this study? YES/NO

Have you received satisfactory answers to all of your questions? YES/NO

Have you received enough information about the study? YES/NO

Who have you spoken to? Dr/Mr/Mrs/Miss

Do you understand that participation is entirely voluntary? YES/NO

Do you understand that you are free to withdraw from the study:
at any time? YES/NO

without having to give a reason for withdrawing? Without this affecting your future
medical care? YES/NO

Do you agree to take part in this study? YES/NO

Patients signature:
Date:

J J _

Patient's name in BLOCK letters:

Telephone number(s) where patient can be contacted:

STD CODE (HOME)

STD CODE (WORK)

Doctor's signature:
Date:

J J _

Doctor's name in BLOCK letters:



APPENDIX III: GP LE1TER.

Dear Dr

RE: A PHASE I CLINICAL STUDY TO EVALUATE THE USE OF EXVIVO
CULTURED AUTOLOGOUS DENDRITIC CELLS AS ADOPTIVE
IMMUNOTHERAPY IN PATIENTS WITH RELAPSED BREAST
CARCINOMA.

I am writing to inform you that the person named below, who is registered with you,
has agreed to take part in our research project as a patient, and has consented to my

contacting you.
Please keep this as a permanent record of their involvement. I will also inform you
later if there are any abnormal findings or possible adverse events noted for this
subject.

Name of subject

Date of birth

Date of consent

The study aims to examine the utility of autologous cultured dendritic cells as

adoptive immunotherapy in patients with local or metastatic relapsed breast cancer.
Patients will receive this treatment in addition to standard therapy.
Dendritic cell adoptive immunotherapy is a new approach currently under
investigation to try to eradicate minimal residual disease and improve long-term cure
rates in malignant disease. Several clinical studies in a variety of malignant diseases
have shown potential clinical benefit and no adverse effects from receiving this kind
of treatment Your patient will be asked to donate an intial 80ml sample of blood to
examine whether it is possible to expand dendritic cells from their blood in
particular. If this is satisfactory, she will be invited to donate a unit of autologous
blood. The donation will be processed in a standard way and subject to dendritic cell
culture. The cells will be prepared in a tissue culture environment dedicated to the
use of human cells, using standard aseptic techniques. Infection of the product during
the culture period is a potential risk and sterility and close monitoring will be
employed.
This is a phase I study designed to assess feasibility and tolerability of this treatment
approach. If you would like to discuss the study with one of the principal
investigators please contact the Directorate of Clinical Oncology.

Yours sincerely, etc



APPENDIX 2

DC generation, standard operating procedure



Standard Operating Procedure TSD 236 02

1 INTRODUCTION

This document describes the procedures for preparation and expansion of a
population of autologous dendritic cells.

Authorised for use

Authorised by
Effective date



2 Health and safety

3 Equipment, Materials and Disposables

Equipment
Microbiological Safety Cabinet (MSC)
C02 Incubator (LEEC) at 37°C
Inverted microscope (Leitz)
Benchtop centrifuge, Model BR401 (Denley)
Neubauer haemocytometer and coverslip
Automatic pipetter
Mr Frosty cell freezer (Nalgene)
A range of Gilson pipettes
A range of pipettes
A shaking table (Denley)

Materials
RPMI 1640 without phenol red (Sigma and PFC)
L-glutamine, 200mM (Sigma)
Tryptone Soya Broth and Thioglycollate universals (TSB & Thio)
Nigrosin (5% v/v) (NRU)
Sterile AB serum (SEBTS)
15% (v/v) di-potassium EDTA (BDH)
11-4, 5_g vial, (R&D Systems), catalogue no. 204-1L/CF
Saline for injection (Baxter)
GM-CSF, 400_g vial (Sandoz)
Lymphoprep (Nycomed) 300ml vial
MUC-1 (Biomira)
DMSO, sterile filtered and tissue culture tested (Sigma)
Settle Plates (Cherwell)

Disposables
Cell scraper (Greiner)
Accuspin tubes, c/n A2055 (Sigma)
Selection of syringes and needles
50 ml sterile universals
15 ml sterile centrifuge tubes
Sleeve of 25cm2 flasks with filter cap (Costar)
Sleeve of 25cm2 flasks, non TC treated (Iwaki)
Sleeve of 75cm2 flasks with filter cap (Costar)
Selection of single wrap pipettes and pastettes
2 ml sterile Cryoials
White and yellow Gilson tips (autoclaved in-house)
Sterets
Sterile drapes
Sterile syringe caps (Avon)
Selection of Sterile surgeons' gloves
Sterile disposable scalpel blades

4 Staff

Only authorised staff may carry out this procedure.



5 Procedure

The procedure is carried out in the cleanroom unless otherwise stated. Refer to TSD 217 01
for introduction of materials and equipment into the cleanroom. Human tissue is thoroughly
decontaminated by spraying with alcohol and covering the sample with alcohol soaked

swabs.

5.1 Preparation of Reagents

RPMI-1640 1%AB serum

5.1.1 This medium bought from Sigma (500ml bottle) is used as diluent for the stock
cytokine solutions and for the growth medium base.

5.1.2 Before use, 5 ml of AB serum and 5 ml of glutamine are added to each bottle in the
MSC using 5ml disposable pipettes.

5.1.3 This medium, once made up, is referred to in the following steps as complete RPMI.
5.1.4 Where RPMI is referred to, then PFC RPMI 1640 without phenol red or ANY

OTHER ADDITIONS is to be used. GM-CSF is prepared as stock and kept frozen
(-70°C) until required for use. IL4 is reconstituted when required.

IL4

5.1.5 1L4, supplied by R&D Systems, is presented as sterile 5 _g vials.
5.1.6 A stock solution must be made at 500ng/ml.
5.1.7 The solution is prepared within the MSC in the General Laboratory.
5.1.8 1 ml of sterile complete RPMI is added to the vial using a Gilson and sterile tip to

dissolve the powder.
5.1.9 This solution is removed and transferred to a universal container. Steps 4.1.8 and

4.1.9 are then repeated until the 1L4 vial has been rinsed out with a total of 5ml
complete RPMI.

5.1.10 A further 5ml complete RPMI is added to the universal container, and the contents
mixed by gentle swirling.

5.1.11 2 x 250 _1 aliquots are removed into the universal container, and the contents mixed
by gentle swirling.

5.1.12 The remainder is used immediately and any small residue discarded for R&D use
(dispensed as 1ml aliquots into 2 ml sterile cryovials).

5.1.13 The vial must be labelled with the following:

name ofsolution
concentration
date prepared
date ofexpiry (one yearfrom date offormulation)

5.1.14 The stock solutions must be stored at -70°C prior to use.
5.1.15 A batch formulation record must be completed (TSD 40 01 EDI)

GM-CSF
5.1.16 GM-CSF (Leucomax), supplied by Sandoz, is presented as a vial containing 400 _g

powder.
5.1.17 A stock solution must be made at 10,000ng/ml
5.1.18 The solution is prepared within the MSC in the General Laboratory
5.1.19 1 ml of sterile complete RPMI is added to the vial to dissolve the powder.
5.1.20 The solution is removed and a further 39ml of complete RPMI is added to a

universal container.
5.1.21 2 x 1 ml aliquots are removed into TSB and Thioglycollate for sterility testing.



5.1.22 lml aliquots are then dispensed into 2ml sterile cryovials.

5.1.23 The vial must be labelled with the following:

name ofsolution
concentration
date prepared
date ofexpiry (one yearfrom date offormulation)

5.1.24 The tubes are stored at -70°C until required.
5.1.25 A batch formulation record must be completed (TSD 40 01 EDI).

MUC-1
5.1.26 Supplied by Biomira as a freeze dried powder of MUC-1 encapsulated liposomes. It

must be stored at 4°C.

Growth Medium
5.1.27 Calculate the volume required.
5.1.28 The basal medium used is complete RPM1 prepared as in 4.1.1.

For each 10 ml required, take:
300 _1 IL4 stock solution to give 15ng/ml final concentration.
50 _1 GM-CSF stock solution to give 50ng/ml final concentration.

5.1.29 The vials of cytokines should be thawed immediately prior to use, and any unused
reagents should be discarded (not frozen)

5.2 Referrals & Virology testing
5.2.1 Blood samples are taken from the patient at least 7 days prior to the planned date of

harvest. The referring consultant must complete a Donor Referral Form (TSD 39 01
EDI) and this form must accompany the blood samples to Tissue Services for
testing for Mandatory Markers. Testing for mandatory markers will be repeated
when the donation for Buffy Coat preparation or apheresis pack is withdrawn.

5.2.2 The blood samples are handled according to TSD 224 01.

5.3 Preparation of Buffv Coat or apheresis pack
5.3.1 A buffy coat will be prepared from the donor blood donation at SEBTS and clearly

labelled with the patient's name, donation number, date of birth, date of withdrawal,
and the total volume withdrawn. Alternatively, an apheresis procedure will be
performed in the SEBTS Clinical Apheresis Unit, and the pack should be labelled as
above.

5.3.2 The buffy coat or apheresis pack will be sent to Tissue Service. On arrival, Tissue
Service staff will confirm the identity of the donor, and enter the time of arrival in
the Tissue Processing Log.

5.3.3 The pack is sprayed with 70% (v/v) ethanol and placed in the transfer hatch into the
General Laboratory.

5.3.4 Either the Virology Testing Laboratory or the Components Production Area should
be telephoned to obtain the virology screening results on the patients donation, and
the results entered into the patients records (on TSD 40 01 EDI)

5.4 Manipulation in the Cleanroom

5.4.1 The sterile operator & assistant don cleanroom suits according to TSD 213 01. The
operator sets up a sterile field in the MSC.



5.4.2 Add 15ml of Lymphoprep to each of 4 Accuspin tubes. Ensure that the Lymphoprep
is equilibrated to room temperature. If using an apheresis pack, use the plunger of a
syringe to push the sinter in the tube as far down as it will go before adding the
Lymphoprep. The tube is passed into the general laboratory via the hatch.

5.4.3 Spin the tube at 2000rpm for 30 seconds to run the Lymphoprep into the bottom of
the tubes. The tube is passed into the cleanroom via the hatch.

5.4.4. Swab the access port of the buffy coat pack several times using Sterets (the access
port is the one with the longer tail.)

5.4.5 Using a sterile scissors, cut the tail and dispense the bufly coat or apheresis donation
equally between the four tubes. Make up each tube to 50ml with RPMI if required
(RPMI which has NOT had serum or Glutamine added)

5.4.6 Remove 2 x 1ml samples to TSB & Thio.
5.4.7 Pass the tubes into the general laboratory via the hatch. Centrifuge the tubes for 30

minutes at 2000rpm with the thermostat set to 18°C. Pass the tubes back into the
cleanroom.

5.4.8 Remove 2 x 1ml aliquots of the supernatant to TSB & Thio.
5.4.9 Remove the supernatant to within 0.5cm of the leukocyte layer and discard.
5.4.10 Using a pastette, loosen any cells adherant to the walls of the tubes, then pour the

leukocyte suspension into 2 x 50ml centrifuge tubes.
5.4.11 Make up to 50ml per tube with RPMI. Pass tubes into the general laboratory.
5.4.12 Wash by centrifugation for 5 minutes at 1200rpm, pass tubes through the hatch and

then remove the supernatant to waste.
5.4.13 If required, add 0.6ml of 15% (v/v) Dipotassium EDTA to each tube and pipette up

& down to disaggregate the cell pellet, then add 50ml RPMI and centrifuge as
before.

5.4.14 Remove 2 x 1ml aliquots of the supernatant into TSB & Thio. If there appears to be
a white platelet layer on the pellet, resuspend in RPMI & centrifuge as before.

5.4.15 Resuspend in 10ml complete RPMI per tube, then disaggregate the pellet by
pipetting up & down as in 5.4.13 before transferring all the contents into one tube.

5.4.16 Perform a viable cell count:

Make a 1:20 dilution of the cell suspension by removing 50 _1 and adding it to 950
_1 RPMI in a small tube. Add one volume (eg 100 _1) of this to the same volume of
Negrosin stain in a fresh tube (need not be done under sterile conditions) Mix and
count this suspension on a Neubaur Haemocytometer slide. Count the number of
lymphocytes in the 25 small squares in the centre of the counting chamber. The cell
count is calculated as follows:

Cells per ml = number of cells in 25 squares x 104 x 20 (dilution factor) x 2

5.4.17 From the cell count, the number of flasks required can be calculated. A total of 180
x 106 cells are required to seed a 75cm2 flask, 360 x 106 cells are required to seed a
175cm2 flask and 60 x 106 cells are required to seed a 25cm2 flask. 1 x 25cm2 is
required for FACS analysis.

5.4.18 Dispense the appropriate volume of cells into the flasks and label them with the
unique number, date and patient's name.

5.4.19 Make the volume up to 20ml with complete RPMI for a 75cm2 flask (up to 5ml for a
25cm2 is flask and up to 40ml for a 175cm2 flask). Pass flasks into general
laboratory via hatch.

5.4.20 Place the flasks in a humidified C02 incubator for 1 hour at 37°C, and note the time
in the patient's records (TSD 41 01 EDI). Pass flasks into cleanroom via the hatch.

5.4.21 Wash the cells with the overlying fluid, then decant the supernatant into another
flask. Wash the call monolayer (first harvest) twice with 20ml RPMI, discarding the
washes.

5.4.22 Remove 2 x 1ml aliquots of the last wash into TSB & Thio.
5.4.23 Add growth medium (5.1.28) to the first harvest containing flasks (5.4.21)

20ml into a 75cm2 flask
5ml into a 25cm2 flask
40ml into a 175cm2 flask



5.4.24 Pass flasks into general laboratory via hatch and place the flasks containing the
decanted cells (second harvest) into a humidified C02 incubator for 1 hour at 37°C,
again noting the time in the patient's records (TSD 40 01 EDI). Pass flasks into the
cleanrooom.

5.4.25 Decant the cells from the second harvest and discard. Wash the cell monolayer with
20ml RPMI. Remove 2 x 1ml aliquots of the second wash into TSB & Thio.

5.4.26 Add growth medium (5.1.28) to the second harvest containing flasks
20ml into a 75cm2 flask
5ml into a 25cm2 flask
40ml into a 175cm2 flask

5.4.27 Observe the cell monolayer using the inverted microscope to assess the confluency
of the monolayer.

5.4.28 Incubate the cells for a total of 4 days in a humidified C02 incubator in the general
laboratory at 37°C.

5.4.29 Observe the cells on a daily basis and note the integrity of the monolayer and the
extent of dendritic cell shedding. Also, note any signs of contamination. It is NOT a
requirement to perform cell counts. Note any observations on TSD 41 01 EDI.

5.4.30 Record all batch numbers and expiry dates of all reagents on TSD 42 01 EDI.

Harvesting & preparing the cells for re-iniection and crvopreservation
5.5.1 On the 4* day of culture the cells will be harvested. The appropriate number of

CDla positive cells (see dosing regimen) will be pulsed with liposomal MUC-1
antigen and prepared for infusion into the patient. Any remaining cells can be
cryopreserved. These cells will be pulsed with MUC-1 post recovery from
cryogenic storage. There are to be several dosing regimens, each will apply to 2
patients in the study:
0.25 x 106 per kg body weight
0.5 x 106 per kg body weight
1 x 106 per kg body weight
2 x 106 per kg body weight
5 x 106 per kg body weight

5.5.2 Check that the individual flasks show no signs of overt infection. Send the 25cm2
flask by taxi to the John Hughes Bennett Laboratory at the Western General
Hospital. This flask will be evaluated using the FACS machine to establish the
number of CDla positive cells present in the population. The WGH staff will phone
Tissue Services with the results which must be entered on form TSD 43 01 EDI.
Pass flasks into cleanroom via hatch.

5.5.3 Using a sterile pipette, sample and count a 501 volume of cell suspension from
each 75cm2 flask. Calculate the number of viable cells per ml of culture as in 5.4.16.

5.5.4 Calculate using the data from the FACS analysis (CDla+ percentage) and the
patients weight (kg) the volume of cells required for the first dose (TSD 43 01 EDI)

5.5.5 If CDla+ cell numbers are low, or if excessive numbers of CDla+ cells are adhering
to the flask, the flasks should be scraped gently using a Greiner Teflon cell scraper.
Example:
Patient weighs 65kg. Cells CDla+ by FACS = 50%. Cell count 5 x 105 per ml.
Number of CDla+ cells required for dose = 65 x 0.25 x 106

= 16.25 x 106
As only 50% of cells are CDla+ the number of cells needed is 32.5 x 106
Volume of cells needed is therefore 32.5 x 10° / 5 x 106 =65ml

5.5.6 Remove from 1 flask the volume containing the required number of cells and
transfer to one or more sterile 50ml centrifuge tubes.

5.5.7 Centrifuge as 5.4.12. Remove 2 x 1ml aliquots of the supernatant to TSB & Thio.
Remove and keep aside at least 5ml of the supernatant. Decant the rest of the
supernatant to waste.

5.5.8 Gently resuspend the cell pellet by flicking the tube. Add to the pellet 5ml of the
reserved conditioned medium from 5.5.7, and transfer to a 25cm2 Iwaki flask. Add



100 _1 of MUC-1 (for up to 1 x 107 cells). Pass flask into general laboratory.
Incubate with rocking in a humidified C02 incubator at 37°C for 2 hours (record the
volume of MUC-1 added on Appendix 4). Pass flask back into cleanroom,

5.5.9 Transfer the 5ml of cell suspension to a 15ml sterile centrifuge tube. Rinse the flask
with 5ml complete RPM1. Pellet the cells by centrifugation, then remove and
discard the wash supernatant. Gently resuspend the pellet by flicking, and repeat the
wash by addition af a further 10ml complete RPMI to the tube. Centrifuge as in
4.4.12

5.5.10 Remove 2 x 1ml aliquots of the second wash supernatant into TSB & Thio, then
remove 1ml for IL-4 determination. The rest of the supernatant is discarded.

5.5.11 Disaggregate the cell pellet by flicking the tube, then resuspend the cells in 0.5ml
NaCl. Draw the cell suspension into a 2ml syringe, securing the port with a sterile
cap. Record the batch number of saline on TSD 44 01 EDI.

5.5.12 Place the syringe in the syringe transport container, label with the pre-prepared
label, and arrange delivery to the WGH Oncology Unit. The label should contain the
following information:
Patient's name & DoB

Unique tissue number barcode
Total number ofcellsfor injection
Date ofpreparation and the dosing regimen.

Crvopreserving the cells on harvest day
5.6.1 Calculate then dispense the appropriate volumes of cells to give the cell

numbers required into universals, then label with appropriate cell number.
Pre-chill the required volume of cryoprotectant medium. Pass tube into
general lab via the hatch.

5.6.2 Centrifuge the cells for 5 minutes at 1200rpm. Pass tube back into
cleanroom.
5.6.3 Decant the supernatant to waste, then disaggregate the cell pellet by flicking

the base of the universal.
5.6.4 Add 0.5ml AB Serum. Leave the resuspend cells on ice for 10-15 minutes.
5.6.5 Add 0.5ml cryoprotectant medium (80% AB Serum, 20% DMSO) dropwise

with gentle mixing.
5.6.6 Place in a cryovial pre-labelled with:

Patient's name & DoB

Unique tissue number barcode
Total number ofcells for injection
Date ofpreparation and the dosing regimen.

5.6.7 Place the ampoules in the Mr Frosty cell freezer and store in the -80°C freezer for at
least 4 hours before moving the vials to the liquid nitrogen vapour phase of the
Penguin tank for long term storage.

5.6.8 Record the cells location in the inventory log and processing log.

Preparing the crvopreserved cells for injection

5.7.1 Prepare 10ml complete RPMI, adding sufficient AB Serum to make the
concentration of serum to 10%.

5.7.2 Remove the appropriate ampoules from the nitrogen storage tank, and allow them to
thaw by placing them in a tray of warm, sterile water, in general laboratory hatch

5.7.3 Immediately after the vials have thawed, place in cleanroom via the hatch and
transfer the contents to a 15ml centrifuge tube using a sterile pastette. Rinse out the
vials with 1.5ml of 10% AB Serum in RPMI, so that the entire contents of the vials
have been transferred to the centrifuge tube. Remove 2 x 1ml samples into TSB &
Thio. Add the remainder of the RPMI with 10% AB Serum to the tube, very
gradually at first using a pastette, whilst gently shaking the tube. Pass tube into
general lab via the hatch.



5.7.4 Centrifuge the tube for 5 minutes at 1200rpm and pass back into the cleanroom,
then remove the supernatant to waste.

5.7.5 Resuspend the cell pellet by flicking gently. Add 10ml of RPMI with 10% AB
Serum to the pellet, and centrifuge as before.

5.7.6 Resuspend the pellet in 5ml of growth medium and remove an aliquot of this for cell
counting.

5.7.7 Perform a viable cell count, then proceed as in 5.5.8 - 5.5.11
5.7.8 Record batch numbers and expiry dates of all reagents in TSD 44 01 EDI.

Note: Settle plates should be submitted to microbiology with form TSD 12 01 EDI, and all sterility
samples should be processed as in TSD 247 01. A summary of the sample points include in this
procedure is given in Appendix 8.



Appendix 1 TSD 12 01 EDI

TSA SETTLE PLATE REQUEST FORM
Tissue No

Date

Requested by

QCNo

Site of exposure Colony Count Organism Identification Acceptable?

Limits for settle plates: Grade A: < lcfu per plate (4 hour exposure time)
Grade B: 5 cfu per plate (4 hour exposure time)

Plates examined by
Date



Appendix 2 TSD39 01 EDI

Dendritic Cell Donor Referral Form

Tissue Number Blood Number

Patient details

Name

Date of birth

Address

GP

Diagnosis

Body weight (kg)

Referring consultant

Hospital

Comments

Tissue details

Volume of buffy coat
withdrawn (ml)

Date / time of
withdrawal

Packaged by Designation

Tissue dispatch

Transport by Time dispatched
Received @ Tissue Service

by Time



Appendix 3 TSD 40 02 EDI

Dendritic cell culture history

Donation received at Tissue Service

Date / time received

Confirm donor identity

Buffy coat / apheresis pack number

Virology phoned to confirm negative
results

Batch records

Batch number Expiry date

L-Glutamine

RPMI 1640

(Sigma)
IL-4

GM-CSF

Lymphoprep

EDTA 15%

Accuspin tubes

AB Serum

MSC safe Y/N



Operator

Assistant



Appendix 4 TSD 41 01 EDI

Dendritic cells - cell counting & calculations

Perform calculations here:

Checked by

Total cell count

25cm2 flask

75cm2 flask

Incubation time for Is' attachment

Incubation time for 2nd attachment

Observation ofmonolayer

Growth medium added

Growth phase
Date: Initials:

Observation day 2
Observations



Observation day 2
Date: Initials:

Observations

Observation day 2
Date: Initials:

Observations



Appendix 5 TSD 42 01 EDI

Cell harvest & cryopreservation
Batch number Expiry date

RPMI1640 (PFC)
L-Glutamine

RPMI 1640

(Sigma)
IL-4

GM-CSF

DMSO

AB Serum

Theatre gown

Lab gown

MSC safe Y/N

Operator

Assistant

Date

Check the flasks to make sure there are no signs of overt infection

Comments

Send 25cm2 flask to John Hughes Bennett Laboratories, WGH



Appendix 6 TSD 43 01 EDI

Dendritic Cells - Results

% CDla+ cells

FACS operator

Cell count on pooled cells

Volume Counting dilution

Cell count /ml culture

CDla+ count

%

Number CDla+ cells

required Volume ofculture to
be removed

Number of cells (CDla+) removed /
frozen

Dose 1 0.05 x 106x

Dose 2 0.1 x 106 x

Dose 3 0.15 x 106 x

Dose 4 0.2 x 106 x

Addition of MUC-1

Time in

Time out

Date

Sign

Location of cells



Tank

Location Sign Removal
Date / time

Week 2

Week 3

Week 4



Appendix 7 TSD 44 01 EDI

Recovery of cells for give-back

Dose number

Patient name

Tissue number

Date

Batch records

Batch number Expiry date

RPMI1640 (PFC)
L-GIutamine

RPMI 1640

(Sigma)
IL-4

GM-CSF

AB Serum

NaCl

Theatre gown

Lab gown



Operator

Assistant

Date

MSC safe Y/N

Cell count on recovered cells

Counting dilution

% Recovery / viability

Actual dose given

Addition of MUC-1

Time in

Time out

Date

Sign

Appendix 8

Summary of sample points for bacteriological surveillance

Day 0 buffy coat
Day 0 separation
Day 0 wash

Day 4 growth medium

GB week 1 post MUC-1
GB week 1 post MUC-1 (2nd wash)

GB week 2 post Ml IC-1
GB week 2 post MUC-1 (2nd wash)

GB week 3 post MUC-1
GB week 3 post MUC-1 (2nd wash)

GB week 4 post MUC-1
GB week 4 post MUC-1 (2nd wash)



Summary of sample points for IL-4 determainations

GB week 1 post MUC-1 (2nd wash)

GB week 2 post MUC-1 (2nd wash)

GB week 3 post MUC-1 (2nd wash)

GB week 4 post MUC-1 (2nd wash)



5 About this SOP

Author Date written

Supersedes
Reviewed by Date reviewed

Next review due

6 Cross references

Cross references in this SOP refer to the following documents:

TSD 213 01 Tissue Service SOP
TSD 224 01 Tissue Service SOP
TSD 247 01 Tissue Service SOP
TSD 12 EDI Tissue Service form
TSD 39 EDI Tissue Service form
TSD 40 EDI Tissue Service form
TSD 41 EDI Tissue Service form
TSD 42 EDI Tissue Service form
TSD 43 EDI Tissue Service form
TSD 44 EDI Tissue Service form

7 Record of issues

Issued to Dept. No. of copies
issued

Date Received

Signature
Date

J Drain QA MANAGER 1 electronic
G Galea DIRECTOR 1 electronic

1 electronic
1 electronic
1 electronic

1 electronic

1 electronic
1 electronic

8 Destruction of copies

-copies recovered and destroyed by on-

copies missing.

Further investigation [ j required noj Quired

9 Staff
The following staff are authorised to perform this procedure.

Date Next



Name Assessed Authorised by Date Assessment



 



Eligibility

Appendix 3

Autologous Cultured Dendritic Cells as Adoptive
Immunotherapy in Patients with Relapsed Breast Carcinoma
Name: DOB: Perf. status:

Weight: kgs Height:
cms

Surf. Area: Study No:

Histology: Grade:

Date of Diagnosis: Date screening:

Inclusion criteria (answer should be yes)
Yes No

1. Progressive localised relapse or progressive metastatic breast cancer

2. Previous treatment with cytotoxic chemotherapy or hormonal therapy —

3. Evaluable disease according to UICC criteria

4. Life expectancy > 12 weeks -

5. Hb > 120 g/1

6. Previous BCG given

7. Age > 18 years and < 70 years
/ \

-

8. Patient has given informed consent -

Exclusion criteria (answer should be no)
9. Patient is pregnant

10. CNS metastases present

11. Immunosuppresive medication, including steroids -

If patient fulfils eligibility criteria above then samples should be taken as listed below.

SAMPLES

GLASGOW
_ Result

PADEREWSKI
_ Result

VIROLOGY SCREEN Result
SKIN TESTING Result

If all above tests satisfactory, patient will be entered in study, and blood will be collected by BTS for
DC culture.



Autologous Cultured Dendritic Cells as Adoptive
Immunotherapy in Patients with Relapsed Breast Carcinoma
Treatment sheet one
Name:

Treatment One.

Performance Status:

Study Number:

Date: Time Given:

Vital Signs
TIME PULSE BP TEMP

Prior to treatment

15 MINS

30 MINS

45 MINS
1 HOUR
2 HOURS
3 HOURS

4 HOURS

8 HOURS
12 HOURS

16 HOURS
24 HOURS

Site of injection
Leg

(please circle)

Left Arm Right Arm Left Leg Right

Assessment injection

Site 24 hours past treatment

prolonged, or

0 No reaction

1 Pain or itching or erythema
2 Pain or swelling with inflammation

3 Ulceration or discharge

4 Ulceration or necrosis that is severe or

requiring surgery

Other



Autologous Cultured Dendritic Cells as Adoptive
Immunotherapy in Patients with Relapsed Breast Carcinoma
Treatment sheet two
Name:

Treatment Two.

Performance Status:

Study Number:

Date: Time Given:

Vital Signs
TIME PULSE BP TEMP

Prior to treatment

15 MINS

30 MINS

45 MINS
1 HOUR
2 HOURS

3 HOURS
4 HOURS

8 HOURS

12 HOURS

16 HOURS
24 HOURS

Site of injection
(please circle)

Left arm Right arm Left leg Right leg

Assessment injection

Site 24 hours past treatment

prolonged, or

0 No reaction

1 Pain or itching or erythema

2 Pain or swelling with inflammation

3 Ulceration or discharge

4 Ulceration or necrosis that is severe or

requiring surgery

Other



Autologous Cultured Dendritic Cells as Adoptive
Immunotherapy in Patients with Relapsed Breast Carcinoma
Treatment sheet three
Name: Study Number:

Treatment Three.

Performance Status:

Date: Time Given:

Vital Signs
TIME PULSE BP TEMP

Prior to treatment

15 MINS

30 MINS

45 MINS
1 HOUR
2 HOURS
3 HOURS

4 HOURS

8 HOURS

12 HOURS

16 HOURS
24 HOURS

Site of injection
(please circle)

Left arm Right arm Left Leg Right leg

Assessment injection

Site 24 hours past treatment

prolonged, or

0 No reaction

1 Pain or itching or erythema

2 Pain or swelling with inflammation

3 Ulceration or discharge

4 Ulceration or necrosis that is severe or

requiring surgery

Other



Autologous Cultured Dendritic Cells as Adoptive
Immunotherapy in Patients with Relapsed Breast Carcinoma
Treatment sheet 4
Name:

Treatment Four.

Performance Status:

Study Number:

Date: Time Given:

Vital Signs
TIME PULSE BP TEMP

Prior to treatment

15 MINS

30 MINS

45 MINS
1 HOUR
2 HOURS
3 HOURS

4 HOURS

8 HOURS

12 HOURS

16 HOURS
24 HOURS

Site of injection Left arm Right arm Left leg Right leg
(please circle)

Assessment injection

Site 24 hours past treatment

prolonged, or

0 No reaction

1 Pain or itching or erythema

2 Pain or swelling with inflammation

3 Ulceration or discharge

4 Ulceration or necrosis that is severe or

requiring surgery

Other



Autologous Cultured Dendritic Cells as Adoptive
Immunotherapy in Patients with Relapsed Breast Carcinoma
Schedule of events pi
Name: Study Number:

Baseline
Up to 14 days
prior

Pre 1 Post 1 Pre 2 Post 2 Pre 3 Post 3

Date / / / / / / / / / / / / / /

Haemoglobin
WBC
Neut

Platelets
Sodium

Potassium

Urea

LDH

ALT

Bilirubin
Alk Phos
Creatinine
Gamma GT

IgA
IgM
IgG
c3
c4
CRP

CEA

CA15.3

Circulating
Immune

Complexes
Drugs in
Last7 days
Toxicity (sep
sheet)
Weight
(kgs)
Skin testing
Perf. status

Physical
exam

Disease
Evaluation

Sample to
Paderewski

idicates does not need done



Autologous Cultured Dendritic Cells as Adoptive
Immunotherapy in Patients with Relapsed Breast Carcinoma
Schedule of events p2
Name: Study Number:

Pre 4 Post 4 7 days
Post inj 4

14 days
Post inj 4

28 days
Post inj 4

3 months
Post inj 4

Date / / / / / / / / / / / /

Haemoglobin
WCC

Neut

Platelets

Sodium

Potassium

Urea

LDH

ALT

Bilirubin

Alk Phos

Creatinine

Gamma GT

IgA
IgM
IgG
c3
c4
CRP
CEA

CA15.3

Circulating
Immune

Complexes
Drugs in Last
7 days
Toxicity (sep
sheet)
Weight (kgs)
Skin testing
Perf. status

Physical exam
Disease
Evaluation

Sample to
Paderewski



Autologous Cultured Dendritic Cells as Adoptive
Immunotherapy in Patients with Relapsed Breast Carcinoma
Skin testing
Name: Study Number:

MUC 1 Date Dose Read as Result

PPD Date Dose Read as Result

Grading of PPD response

Grade: 0 0-4 mm

I 5 - 9 mm

II 10-14 mm

III 15-19 mm

IV 20+ mm } ~



Disease Evaluations

Autologous Cultured Dendritic Cells as Adoptive Immunotherapy in Patients with Relapse
Breast Carcinoma

Name: Study No:

Description Previous
XRT
Yes/No

*

M/E/NE
How
Measured

Initial
/ /

Day 28
/ /

3 Months
/ /

1 X mm X mm X mm

2 X mm X mm X mm

3 X mm X mm X mm

4 X mm X mm X mm

5 X mm X mm X mm

6 X mm X mm X mm

7 X mm X mm X mm

8 X mm X mm X mm

RESPONSE

Best Overall Response

* M = Measurable E = Evaluable NE = Not Evaluable

INVESTIGATIONS (Record results and dates of any investigations used to monitor response or any
toxicities)

Investigation Type Date Comment
1 / /
2 / /
3 / /
4 / /
5 / /
6 / /



Autologous Cultured Dendritic Cells as Adoptive
Immunotherapy in Patients with Relapse Breast Carcinoma
Name: | Study No:

Physical Exam
Date: / /

Relevant History
Indicate: N = Normal

A = /
And

Abnormal

give a brief description
Give a brief description of major medical and
surgical events

HEAD HEAD

NECK NECK

BREASTS BREASTS

HEART HEART

LUNGS LUNGS

ABDOMEN ABDOMEN

GENITALIA GENITALIA

INTEGUMENT INTEGUMENT

SKELETON SKELETON

NEUROLOGIC NEUROLOGIC

ENDOCRINE ENDOCRINE

OTHER OTHER

Comments:

?ECG Date: / /
Comments:

Urinalysis Date: / /

Normal J ibnormal

Normal AOt orr lai Comments:

(Repeat ECG and Urinalysis only if abnormal at baseline)



APPENDIX 3B

Amended case report forms and schedule



APPENDIX 3B - amended case report forms and schedule

Eligibility

Autologous Cultured Dendritic Cells as Adoptive
Immunotherapy in Patients with Relapsed Breast Carcinoma
Name: DOB: Perf. status:

Weight: kgs Height:
cms

Surf. Area: Study No:

Histology: Grade:
Date of Diagnosis: Date screening:

Inclusion criteria (answer should be yes)
Yes No

1. Progressive localised relapse or progressive metastatic breast cancer

2. Previous treatment with cytotoxic chemotherapy or hormonal therapy

3. Evaluable disease according to UICC criteria

4. Life expectancy > 12 weeks

5. Hb > 120 g/1

6. Previous BCG given

7. Age > 18 years and < 70 years
/ \

8. Patient has given informed consent

Exclusion criteria (answer should be no)
9. Patient is pregnant

10. CNS metastases present

11. Immunosuppresive medication, including steroids

If patient fulfils eligibility criteria above then samples should be taken as listed below.

SAMPLES

GLASGOW
_ Result

PADEREWSKI
_ Result

VIROLOGY SCREEN
_ Result

SKIN TESTING Result

If all above tests satisfactory, patient will be entered in study, and blood will be collected by BTS for
DC culture.



Autologous Cultured Dendritic Cells as Adoptive
Immunotherapy in Patients with Relapsed Breast Carcinoma
Treatment sheet one
Name:

Treatment One.

Performance Status:

Study Number:

Date: Time Given:

Vital Signs
TIME PULSE BP TEMP

Prior to treatment

15 MINS

30 MINS

45 MINS
1 HOUR
2 HOURS
3 HOURS
4 HOURS

8 HOURS

12 HOURS

16 HOURS
24 HOURS

Site of injection
Leg

(please circle)

Left Arm Right Arm Left Leg Right

Assessment injection

Site 24 hours past treatment

prolonged, or

0 No reaction

1 Pain or itching or erythema

2 Pain or swelling with inflammation

3 Ulceration or discharge

4 Ulceration or necrosis that is severe or

requiring surgery

Other



Autologous Cultured Dendritic Cells as Adoptive
Immunotherapy in Patients with Relapsed Breast Carcinoma
Schedule of events pi
Name: Study Number:

Baseline
Up to 14 days prior

Pre 1 Post 1

Date / / / / / /

Haemoglobin
WBC

Neut

Platelets

Sodium
Potassium

Urea
LDH

ALT

Bilirubin

Alk Phos

Creatinine

Gamma GT

IgA
IgM
IgG
c3
c4
CRP
CEA

CA15.3

Circulating
Immune

Complexes
Drugs in Last7
days
Toxicity (sep
sheet)
Weight (kgs)
Skin testing
Perf. status

Physical exam
Disease
Evaluation

Sample to
Paderewski

idicates does not need done



Autologous Cultured Dendritic Cells as Adoptive
Immunotherapy in Patients with Relapsed Breast Carcinoma
Schedule of events p2
Name: Study Number:

7 days
Post inj 4

14 days
Post in j 4

28 days
Post inj 4

3 months
Post in j 4

Date / / / / / / / /

Haemoglobin
WCC

Neut
Platelets

Sodium

Potassium

Urea

LDH

ALT

Bilirubin

A lk Phos
Creatinine

Gamma GT

IgA
IgM
IgG
c3
c4
CRP

CEA

CA15.3

Circulating
Immune

Complexes
Drugs in Last 7
days
Toxicity (sep
sheet)
Weight (kgs)
Skin testing
Perf. status

Physical exam
Disease
Evaluation

Sample to
Paderewski



Autologous Cultured Dendritic Cells as Adoptive
Immunotherapy in Patients with Relapsed Breast Carcinoma
Skin testing
Name: Study Number:

PPD Date Dose Read as Result

Grading of PPD response

Grade: 0 0-4 mm

I 5 - 9 mm

II 10-14 mm

III 15-19 mm

IV 20+ mm } ~



Disease Evaluations

Autologous Cultured Dendritic Cells as Adoptive
Immunotherapy in Patients with Relapse Breast Carcinoma
Name: | Study No:

Description Previous
XRT

Yes/No

*

M/E/NE
How
Measured

Initial
/ /

Day 28
/ /

3 Months
/ /

1 X mm X mm X mm

2 X mm X mm X mm

3 X mm X mm X mm

4 X mm X mm X mm

5 X mm X mm X mm

6 X mm X mm X mm

7 X mm X mm X mm

8 X mm X mm X mm

RESPONSE

Best Overall Response

* M = Measurable E = Evaluable NE = Not Evaluable

INVESTIGATIONS (Record results and dates of any investigations used to monitor response or any
toxicities)

Investigation Type Date Comment
1 / /
2 / /

3 / /
4 / /
5 / /
6 / /



Autologous Cultured Dendritic Cells as Adoptive
Immunotherapy in Patients with Relapse Breast Carcinoma
Name: | Study No:

Physical Exam
Date: / /
Indicate: N = Normal

A = Abnormal
And give a brief description

Relevant History

Give a brief description of major medical and
surgical events

HEAD HEAD

NECK NECK

BREASTS BREASTS

HEART HEART

LUNGS LUNGS

ABDOMEN ABDOMEN

GENITALIA GENITALIA

INTEGUMENT INTEGUMENT

SKELETON SKELETON

NEUROLOGIC NEUROLOGIC

ENDOCRINE ENDOCRINE

OTHER OTHER

Comments:

?ECG Date: / /
Comments:

Urinalysis Date: / /

Normal i kbnormal

Normal am orr tai Comments:

(Repeat ECG and Urinalysis only if abnormal at baseline)



APPENDIX 4

Original ethical and MCA approval



APPENDIX 4 - original eithics and MCA approval

Department of Health

MEDICINES CONTROL AGENCY Market Towers 1 Nine Elms Lane

London SW8 5NQ

Telephone 0171 273 0220

Facsimile 0171 273 0443

Clinical Trials Unit— 12th Floor

MCA

Dr ML Turner

Scottish National Blood Transfusion Service
Academic Transfusion Medicine Unit
12 Bristo Place

Edinburgh
EH11EZ
Our Ref: MF8000/9298

09 June 1999

Dear Dr Turner

THE MEDICINES (EXEMPTION FROM LICENCES) (SPECIAL
CASES AND MISCELLANEOUS PROVISIONS) ORDER 1972
PRODUCT: Autologous Dendritic Cells

I am writing in connection with the proposed clinical trial conducted by
Dr RCF Leonard using Autologous Dendritic Cells.

This exemption is effective from 09 June 1999; you may lawfully supply
the product for the purpose of this trial as outlined in the notification: the
licensing authority has decided not to issue a direction under article
4(2)(v) of the Order.

There is no need for a marketing authorisation or for a clinical trial
certificate for the purposes of the trial.

Yours sincerely

Mrs 0 Olayinka
CLINICAL TRIALS UNIT



9h

Q~llth

09 June 1999

Dr Marc Turner

Academic Transfusion Medicine Unit
12 Bristo Place

Edinburgh
EH11EY

OURREF: LREC/1997/4/114
PLEASE QUOTE IN ALL CORRESPONDENCE

Dear Dr Turner,

Research Protocol LREC/1997/4/114 Feasibility study to evaluate autologous cultured
dendritic cells as adoptive immunotherapy in patients with relapsed breast carcinoma.

Thank you for your letter of 14 May 1999, enclosing the updated clinical protocol for
the above study. The Chairman of the Medicine and Clinical Oncology Research
Ethics Sub-Committee has agreed that the study may continue, subject to inclusion of
the name and dontact details of a local independent adviser, and the tel.no. for Dr-u
Leonard, on the patient information sheet. This approval encompasses all aspects of
the application including the Patient/Subject Information Sheet and other
accompanying documentation.

Under the terms of the Scottish Office Home and Health Department Guidelines on
Local Research Ethics Committees this decision has been notified to the NHS body
under the auspices of which the research is intended to take place. It is that NHS body
which has the responsibility of deciding whether or not the research should go ahead
taking account of the advice of the Research Ethics Sub-Committee.

A condition of this approval is that you are required to notify the Subcommittee, in
advance, of any significant proposed deviation from the original protocol. Reports to
the Sub-Committee are also required once the research is underway if there are any
unusual of unexpected results which raise questions about the safety of the research.

LOTHIAN HEALTH BOARD

LOTHIAN RESEARCH ETHICS COMMITTEE

DEACONESS HOUSE

148 PLEASANCE EDINBURGH EH8 9RS
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In addition, researchers are required to report on success, or
difficulties, in recruiting subjects in order to provide useful feedback
on perceptions of the project among patients and volunteers.

The Medicine and Clinical Oncology Research Ethics Sub-Committee
is fully compliant with the International Committee on
HarmonisationlGood Clinical Practice (ICH) Guidelines for the
Conduct of Trails Involving the Participation of Human Subjects as
they relate to the responsibilities, composition, function, operations
and records of an Independent Ethics Committee/Independent Review
Board. To this end it undertakes to adhere as far as is consistent with
its Constitution, to the relevant clauses of the ICH Harmonised
Tripartite Guideline for Good Clinical Practice, adopted by the
Commission of the European Union on 17 January 1997. The
following documents were included on the computer disk containing
the guidelines and application form and are available on request:

• Membership List
• Standing Orders
• Statement of Compliance

Yours sincerely

Val Stewart

Secretary
Medicine and Clinical Oncology
Research Ethics Sub-Committee



OURREF LREC/1997/4/114
PLEASE QUOTE IN ALL CORRESPONDENCE

9

(iyhealth

28 June 1999

Mr Gary Mclntyre
Department of Oncology
Western General Hospital
Crewe Road

Edinburgh

Dear Gary,

Research Protocol LREC/1997/4/114 A phase I clinical study to evaluate the use of
ex vivo cultured autologous dendritic cells as adoptive immunotherapy in patients
with relapsed breast carcinoma.

Thank you for submitting the amended Patient Information Sheet for the above study.
The Chairman of the Medicine and Clinical Oncology Research Ethics Sub-
Committee has agreed that the study may continue. This approval encompasses all
aspects of the application including the Patient/Subject Information Sheet and other
accompanying documentation.

Under the terms of the Scottish Office Home and Health Department Guidelines on
Local Research Ethics Committees this decision has been notified to the NHS body
under the auspices of which the research is intended to take place. It is that NHS body
which has the responsibility of deciding whether or not the research should go ahead
taking account of the advice of the Research Ethics Sub-Committee.

A condition of this approval is that you are required to notify the Subcommittee, in
advance, of any significant proposed deviation from the original protocol. Reports to
the Sub-Committee are also required once the research is underway if there are any
unusual of unexpected results which raise questions about the safety of the research.

In addition, researchers are required to report on success, or difficulties, in recruiting
subjects in order to provide useful feedback on perceptions of the project among

patients and volunteers.
LOTHIAN HEALTH BOARD

LOTHIAN RESEARCH ETHICS COMMITTEE

DEACONESS HOUSE

148 PLEASANCE EDINBURGH EHB 9R5

TELEPHONE: 0131 536 9000 DIRECT DIAL 0131 536 9028 FACSIMILE 0131 536 9346



The Medicine and Clinical Oncology Research Ethics Sub-Committee is fully
compliant with the International Committee on Harmonisation/Good Clinical Practice
(ICH) Guidelines for the Conduct of Trails Involving the Participation of Human
Subjects as they relate to the responsibilities, composition, function, operations and
records of an Independent Ethics Committee/Independent Review Board. To this end
it undertakes to adhere as far as is consistent with its Constitution, to the relevant
clauses of the ICH Harmonised Tripartite Guideline for Good Clinical Practice,
adopted by the Commission of the European Union on 17 January 1997. The
following documents were included on the computer disk containing the guidelines
and application form and are available on request:

• Membership List
• Standing Orders
• Statement of Compliance

Yours sincerely

Val Stewart

Secretary
Medicine and Clinical Oncology
Research Ethics Sub-Committee
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OLJRREF: LREC/1997/4/114
PLEASE QUOTE IN ALL CORRESPONDENCE

7 January 2000

Dr Marc Turner

University of Edinburgh
Leukaemia Research Fund John Hughes Bennett Laboratory
Department of Oncology
Western General Hospital
Crewe Road

Edinburgh

Dear Dr Turner,

Research Protocol LREC/1997/4/114 Feasibility study to evaluate autologous
cultured dendritic cells as adoptive immunotherapy in patients with relapsed
breast carcinoma.

Thank you for your letter of 6 December 1999 informing the Subcommittee that
this study has now proceeded to the second part of the phase 1 study. The
Chairman of the Medicine and Clinical Oncology Research Ethics Sub-Committee
has agreed that the study may continue. This approval encompasses all aspects of the
application including the Patient/Subject Information Sheet and other accompanying
documentation.

Under the terms of the Scottish Office Home and Health Department Guidelines on
Local Research Ethics Committees this decision has been notified to the NHS body
under the auspices of which the research is intended to take place. It is that NHS body
which has the responsibility of deciding whether or not the research should go ahead
taking account of the advice of the Research Ethics Sub-Committee.

A condition of this approval is that you are required to notify the Subcommittee, in
advance, of any significant proposed deviation from the original protocol. Reports to
the Sub-Committee are also required once the research is underway if there are any
unusual of unexpected results which raise questions about the safety of the research.

LOTHIAN HEALTH BOARD

LOTHIAN RESEARCH ETHICS COMMITTEE
DEACONESS HOUSE

1148 PLEASANCE EDINBURGH EH8 9RS
TELEPHONE 0131 536 9000 DIRECT DIAL: 0131 536 9028



FACSIMILE: 0131 536 9346

In addition, researchers are required to report on success, or
difficulties, in recruiting subjects in order to provide useful feedback
on perceptions of the project among patients and volunteers.

The Medicine and Clinical Oncology Research Ethics Sub-Committee
is fully compliant with the International Committee on
HarmonisationlGood Clinical Practice (ICH) Guidelines for the
Conduct of Trails Involving the Participation of Human Subjects as

they relate to the responsibilities, composition, function, operations
and records of an Independent Ethics Committee/Independent Review
Board. To this end it undertakes to adhere as far as is consistent with
its Constitution, to the relevant clauses of the JCH Harmonised
Tripartite Guideline for Good Clinical Practice, adopted by the
Commission of the European Union on 17 January 1997. The
following documents were included on the computer disk containing
the guidelines and application form and are available on request:

• Membership List
• Standing Orders
• Statement of Compliance

Yours sincerely

Val Stewart

Secretary
Medicine and Clinical Oncology
Research Ethics Sub-Committee
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OURREF: LREC/1997/4/114
PLEASE QUOTE IN ALL CORRESPONDENCE

13 March 2000

Gary Mclntyre
Data Assistant

Oncology
Western General Hospital
Crewe Road

Edinburgh

Dear Gary,

Research Protocol LREC/1997/4/114 A Phase I Clinical Study to
Evaluate the Use of Ex Vivo Cultured Autologous Cells as

Adoptive Immunotherapy in Patients with Relapsed Breast
Carcinoma.

Thank you for your letter enclosing amendments to the GP letter for the above study.
The Chairman of the Medicine and Clinical Oncology Research Ethics Sub-
Committee has agreed that the study may continue. This approval encompasses all
aspects of the application including the Patient/Subject Information Sheet and other
accompanying documentation.

Under the terms of the Scottish Office Home and Health Department Guidelines on
Local Research Ethics Committees this decision has been notified to the NHS body
under the auspices of which the research is intended to take place. It is that NHS body
which has the responsibility of deciding whether or not the research should go ahead
taking account of the advice of the Research Ethics Sub-Committee.

A condition of this approval is that you are required to notify the Subcommittee, in
advance, of any significant proposed deviation from the original protocol. Reports to
the Sub-Committee are also required once the research is underway if there are any
unusual of unexpected results which raise questions about the safety of the research.

In addition, researchers are required to report on success, or difficulties, in recruiting
subjects in order to provide useful feedback on perceptions of the project among
patients and volunteers.
LOTHIAN HEALTH BOARD

LOTHIAN RESEARCH ETHICS COMMITTEE

DEACONESS HOUSE

148 PLEASANCE EDINBURGH EH8 9RS



telephone 0131 5369000 direct dial 0131 5369028facsimile 0131 536 9346

The Medicine and Clinical Oncology Research Ethics Sub-Committee is fully
compliant with the International Committee on Harmonisation/Good Clinical Practice
(ICH) Guidelines for the Conduct of Trails Involving the Participation of Human
Subjects as they relate to the responsibilities, composition, function, operations and
records of an Independent Ethics Committee/Independent Review Board. To this end
it undertakes to adhere as far as is consistent with its Constitution, to the relevant
clauses of the ICH Harmonised Tripartite Guideline for Good Clinical Practice,
adopted by the Commission of the European Union on 17 January 1997. The
following documents were included on the computer disk containing the guidelines
and application form and are available on request:

• Membership List
• Standing Orders
• Statement of Compliance

Yours sincerely
Val Stewart

Secretary
Medicine and Clinical Oncology
Research Ethics Sub-Committee
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27 March 2000

UNIVERSITY OF EDINBURGH LEUKAEMIA RESEARCH FUND
JOHN HUGHES BENNETT LABORATORY

Dr Ian Starkey
Chairman. Lothian Research Ethics Committee
Lothian Health Board HQ
Deaconess House
148 Pleasance
EDINBURGH EH8 9RS

Department of Oncology Division of Molecular and Clinical Medicine
Western General Hospital

Crewe Road South

Edinburgh
EH42XU

Tel Direct Dial: + 44 (0) 131 537 1575
Fax: +44(0)131 537 3160

Emai 1: marc.turner@snbts.csa.scot.nhs.uk

Dear Dr Starkey

A PHASE I STUDY OF AUTOLOGOUS MUC-1 LOADED DENDRITIC
CELLS IN METASTATIC BREAST CANCER (LRECI199 7/4/114)

Further to my letter of 6 December we now wish to proceed to the second part of our
Phase I study as previously indicated. After consideration we want to change the
format slightly such that 6 pairs of patients receive 0.25 x 106DC/kg, 0.5 x 106 1 x
106

6 6

2x10 DC/kg, 2 x 106 DC/kg matured with poly I:C and 2x10 DC/kg preceded by an
injection of 300 mg/in2 of cyclophosphamide to suppress T-eell suppressor activity.
We are having difficulty recruiting suitable patients from the breast cancer population
alone and since this is a phase I feasibility/toxicity study we wish to recruit patients
with other MUC-1 expressing malignancies including those with carcinomas of ovary,
pancreas, gastric, colono-rectal, non small cell lung and myeloma. We have slightly
modified the patient information sheets, consent forms and GP letters to accommodate
this change.

Perhaps you could indicate briefly whether you feel these modifications are
acceptable.

With best wishes.

Yours sincerely

Marc Turner
Senior Lecturer/Honorary Consultant Haematologist
cc Dr Bob Leonard, Dr Fiona Nussey



Lothian University
Hospitals NHS Trust
Updated 23/03/00
APPENDIX I: INFORMATION FOR PATIENTS
A PHASE I CLINICAL STUDY TO EVALUATE THE USE OF EXVIVO
CULTURED AUTOLOGOUS DENDRITIC CELLS AS ADOPTIVE
IMMUNOTHERAPY IN PATIENTS WITH RELAPSED CARCINOMA.
We invite you to participate in a research project aimed at the development of a new
type of treatment for cancer. To help you understand what the research involves, we
are providing you with the following information, which you should understand
before you decide whether to participate. Be sure to ask any questions you have about
the information that follows and we will do our best to explain and to provide any
further information you require.

Why am I being asked to take part in this study?
You have been invited to participate in this study as you have a tumour which has
returned after initial treatment. Although standard drug treatment (chemotherapy) can
control the disease, complete eradication of the disease is difficult to achieve. We are
trying to develop an alternative form of treatment which aims to use your body's own
immune system to fight the disease. The new treatment will be used in association
with (not instead of) standard drug treatment.

What will it involve?
In the first instance we will take a sample of your blood (approximately 50mls) to try
to grow special cells from it in the laboratory. The cells we are looking for are called
Dendritic Cells and are responsible for kick-starting the immune response to foreign
or abnormal cells. Some patients with poor cell growth may be offered a re-test. If this
also gives a poor response, then the clinical phase of the study would not proceed and
alternative treatment will be considered.

However, if the initial screen is successful, we will arrange to collect some white cells
from your blood by attaching you to a machine for 3 to 4 hours, following which you
will be able to go home. The cells from your blood will be cultured in the laboratory
for 3 days and then returned to you by an injection under the skin. You will need to
come back to the hospital the next day for blood tests. As part of the study we would
like to follow any changes which may occur in your cancer. This may involve us
arranging scans etc for you.

What are the risks involved in taking part in the study?
Your own doctors will not admit you to the study unless they think you are fit enough
to have the cells removed from your blood and undergo the treatment.
There is a small risk associated with donating bloo~d products but this should be no
more than that experienced by other patients donating their own white cells for bone
marrow



Lothian University
Hospitals NHS Trust
transplantation and only slightly greater than that experienced by normal blood donors
who give platelets and plasma in this way. You will be evaluated by a blood
transfusion service doctor prior to being allowed to donate the cells from your blood
to ensure that you are fit enough to do so. It is compulsory in this country for all blood
donations to be tested for viruses including HIV (the AIDS virus) and hepatitis. This
is to protect the clinical and laboratory people working with your blood. You would
be informed in the event that any of these tests were positive.

In similar clinical studies elsewhere some patients have experienced flu like
symptoms or inflammation / ulceration at the site of injection. We will monitor you
for potential side effects.

We cannot guarantee that you will be able to receive your cells back. For example
your cells may not grow well in the laboratory. Also, there is a risk that the cell
donation could become infected during the culture period, in which case it would be
dangerous for you to receive them back. The scientists responsible for the cell culture
will take every possible precaution to ensure that this does not occur but we would
want to be sure of the sterility of the product before allowing you to receive it.

All information obtained will remain confidential. Although you will be named in
internal documentation, anonymity will be preserved in any external reports or
publications.
If you are worried you can contact the Dr Leonard or a member of his team at any
time, the staff will be able to help you. We will notify your own doctor (your GP)
about this study if you agree to take part.

The independent Medical Research Ethics Committee, which has the responsibility of
assessing all applications to undertake clinical research involving patients in
Edinburgh, has scrutinised this study and has raised no objections.

This information for patients is intended to assist you in deciding whether to take part
in the clinical trial. If you agree to do so, you should sign the standard consent form,
which is to be presented with this document.

Can I refuse to take part in this study?
Participation in this study is entirely voluntary and you are free to refuse to take part
or to withdraw from the study at any time without having to give a reason and without
this affecting your future medical care.



Lothian University
Hospitals NHS Trust
Who can I contact for further advice

Dr. R.C.F.Leonard
Consultant Medical Oncologist
Department of Clinical Oncology
Western General Hospital
Crewe Road

Edinburgh
0131-537-2196

Independent advice is available from;
Dr. L. Matheson
Consultant Clinical Oncologist
Department of Clinical Oncology
Western General Hospital
Crewe Road

Edinburgh
0131-537-1000



Lothian University Hospitals
NHS Trust
APPENDIX II: PATIENT CONSENT FORM, (updated 27/03/00).
A PHASE I CLINICAL STUDY TO EVALUATE THE USE OF EX VIVO
CULTURED AUTOLOGOUS DENDRITIC CELLS AS ADOPTIVE
IMMUNOTHERAPY IN PATIENTS WITH RELAPSED CARCINOMA.
Have you read the Patient Information Sheet?

Have you had an opportunity to ask questions and discuss this study?

Have you received satisfactory answers to all of your questions?

Have you received enough information about the study?

Who have you spoken to? Dr/Mr/Mrs/Miss

Do you understand that participation is entirely voluntary?

Do you understand that you are free to withdraw from the study:
at any time?

without having to give a reason for withdrawing? without this affecting your future
medical care?

Do you agree to take part in this study?

Patients signature:

Date:

Patients name in BLOCK letters:

Telephone number(s) where patient can be contacted:

Doctors signature:

Date: / /

Doctors name in BLOCK letters.

The Lothian University Hospitals NHS Trust provides a comprehensive range of first class acme adult and
poeaiatric care to tne people of Edinburgh, Lothian ann beyond from the following locarions: Chalmers Hospital,
Ciry Hospirol, Libernon Hospital, Princess Alexandra Eye Pnviion, Princess Margaret Rose Orthopeedic Hospital,
Royal Hospirnr for Sick Children, Royal Infirmary of Edinburgh, Royal Victoria Hospital, Simpson Memorial
Maternity Povilion, Western Generoi Hospital.



Lothian University
Hospitals NHS Trust
Updated 23/03/00
APPENDIX III: GP LETTER.
DearDr

RE: A PHASE I CLINICAL STUDY TO EVALUATE TI1E USE OF EXVIVO
CULTURED AUTOLOGOUS DENDRITIC CELLS AS ADOPTIVE
IMMUNOTHERAPY IN PATIENTS WITH RELAPSED CARCINOMA.

I am writing to inform you that the person named below, who is registered with you,
has agreed to take part in our research project as a patient, and has consented to my
contacting you.

Please keep this as a permanent record of their involvement. I will also inform you
later if there are any abnormal findings or possible adverse events noted for this
subject.

Name of subject
Date of birth
Date of consent

The study aims to examine the utility of autologous cultured dendritic cells as
adoptive immunotherapy in patients with relapsed cancer. Patients will receive this
treatment in addition to standard therapy.

Dendritic cell adoptive immunotherapy is a new approach currently under
investigation to try to eradicate minimal residual disease and improve long-term cure
rates in malignant disease.

Several clinical studies in a variety of malignant diseases have shown potential
clinical benefit and no adverse effects from receiving this kind of treatment Your
patient will be asked to donate an intial 50ml sample of blood to examine whether it
is possible to expand dendritic cells from their blood in particular. If this is
satisfactory, he/she will be invited to donate a unit of autologous blood. The donation
will be processed in a standard way and subject to dendritic cell culture. The cells will
be prepared in a tissue culture environment dedicated to the use of human cells, using
standard aseptic techniques. Infection of the product during the culture period is a
potential risk and sterility and close monitoring will be employed.

This is a phase I study designed to assess feasibility and tolerability of this treatment
approach. If you would like to discuss the study with one of the principal investigators
please contact the Directorate of Clinical Oncology.
Yours sincerely



ourref: LREC/1997/4/114
please quote IN ALL CORRESPONDENCE

11 April 2000

Dr Marc Turner
Senior Lecturer / Honorary Consultant Haematologist
Department of Oncology
Western General Hospital
Crewe Road

Edinburgh

Dear Dr Turner,

Research Protocol LREC/1997/4/114 A Phase I Study of
Autologous MUC-1 Loaded Dendritic Cells in Metastatic Breast
Cancer.

Thank you for your letter of 27 March 2000 requesting an amendment for the above
study. The Chairman of the Medicine and Clinical Oncology Research Ethics Sub-
Committee has agreed that the study may continue. This approval encompasses all
aspects of the application including the Patient/Subject Information Sheet and other
accompanying documentation.

Under the terms of the Scottish Office Home and Health Department Guidelines on
Local Research Ethics Committees this decision has been notified to the NHS body
under the auspices of which the research is intended to take place. It is that NHS body
which has the responsibility of deciding whether or not the research should go ahead
taking account of the advice of the Research Ethics Sub-Committee.

A condition of this approval is that you are required to notify the Subcommittee, in
advance, of any significant proposed deviation from the original protocol. Reports to
the Sub-Committee are also required once the research is underway if there are any
unusual of unexpected results which raise questions about the safety of the research.

In addition, researchers are required to report on success, or difficulties, in recruiting
subjects in order to provide useful feedback on perceptions of the project among
patients and volunteers.

LOTHIAN HEALTH BOARD

LOTHIAN RESEARCH ETHICS COMMITTEE
DEACONESS HOUSE
148 PLEASANCE EDINBURGH EH8 9RS
telephone. 0131 536 9000 direct dial 0131 536 9028facsimile. 0131 536 9346
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The Medicine and Clinical Oncology Research Ethics Sub-Committee
is fully compliant with the International Committee on
HarmonisationlGood Clinical Practice (ICH) Guidelines for the
Conduct of Trails Involving the Participation of Human Subjects as

they relate to the responsibilities, composition, function, operations
and records of an Independent Ethics Committee/Independent Review
Board. To this end it undertakes to adhere as far as is consistent with
its Constitution, to the relevant clauses of the ICH Harmonised
Tripartite Guideline for Good Clinical Practice, adopted by the
Commission of the European Union on 17 January 1997. The
following documents were included on the computer disk containing
the guidelines and application form and are available on request:

• Membership List
• Standing Orders
• Statement of Compliance

Yours sincerely

Val Stewart

Secretary
Medicine and Clinical Oncology
Research Ethics Sub-Committee
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APPENDIX 6 - patient diary card

Dendritic Cell Therapy
INJECTION DIARY CARD

(DAYS 0-7 POST-INJECTION)

SUBJECT NUMBER:

SUBJECT INITIALS:
(First, Middle, Last)

INJECTION NUMBER:

INJECTION SITE:

DATE OF INJECTION: - -

dd m m m yyyy

YOUR NEXT APPOINTMENT: -

dd mmm yyyy

Day Time

INSTRUCTIONS

1 FOR 7 DAYS AFTER EACH INJECTION, COMPLETE THIS
DIARY CARD.

2 PLEASE BRING THIS DIARY CARD WITH YOU TO THE
CLINIC AT YOUR NEXT VISIT

3. IF SYMPTOMS ARE SEVERE OR PERSIST BEYOND 7 DAYS
CONTACT PERSON INDICATED BELOW.

Contact Name:

Telephone Number:
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APPENDIX 7 - letter confirming negative bacteriology

NSL
Ellens Glenn Road

Edinburgh
EH17 7QT

Dear Fiona,
Enclosed are the bacteriology results for the dendritic cell patients
as requested.

Patient Tissue number Bacteriology results
Janette Cameron 117978 Positive, Staph A

isolated

Lyndsey Balfour 149489 Negative
Sheila Low 149500 Negative
John Leighton 149616 Negative
Albert Carter 149470 Negative
Dorothy Smith 149098 Negative
Margaret Boyd 124621 Negative
Isobel Gifford 124044 Negative
Linda Cheung 117854 Negative
Marion Montgomerie 117862 Negative
Vivien Forbes 117919 Negative
Jeanette Bell 117870 Negative

All the results are in the patients files held in the Tissue Bank if
you wish to see them.

Regards,
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APPE1N
cpm-bk
9d

1

fDIX 8 - original proliferation data from immunolo;
screen 0 1270 1299 5912 -128 mean

5 7
137 2657 954 459 25 sd

day 7 0 4309 2249 1155 78 mean

64 478 203 345 43 sd

day 14 0 1028 1164 5638 38 mean

9 6
122 1259 878 944 35 sd

day 28 0 5426 2783 5083 -539 mean

104 556 416 806 33 sd

day 90 0 1270 1299 5912 -128 mean

5 7
137 2657 954 459 25 sd

AB CM ConA PHA PPD MUC-1
serum

screen 0 2970 2600 1870 -168 mean

25 259 334 159 8 sd

day 7 0 1668 904 336 43 mean

40 134 90 423 86 sd

day 14 0 4418 1867 355 49 mean

41 433 560 411 52 sd

day 28 0 1903 568 89 142 mean

174 721 138 69 106 sd

day 90 0 5501 2382 869 18 mean

9 331 525 133 16 sd

AB CM ConA PHA PPD MUC-1
serum

screen 0 3024 2922 568 -281 mean

44 752 381 674 38 sd

day 7 0 5390 4625 1408 -31 mean

15 812 230 459 70 sd

day 14 0 4964 4463 847 140 mean

54 493 220 101 98 sd

day 28 0 5148 3687 2900 110 mean

83 262 469 248 30 sd

day 90 0 1169 6533 150 80 mean

8 909 974 165 16 sd

follow up.



screen 0

729

1829
8

1407

1659
5

1904

836
5

1927

211

756

mean

sd

day 7 0 4724 5284 324 3 mean

60 809 508 710 47 sd

day 14 0

36

1151
9

1637

1474
4

480

806
3

106
2

-35

44

mean

sd

day 28 0

95

1186
7

1849

6928

593

116
90

132
5

-96

54

mean

sd

day 90 0

729

1829
8

1407

1659
5

1904

836
5

192
7

211

756

mean

sd

plasm
a

CM ConA PHA PPD MUC-
1

screen 0 4357 3921 256 -127 mean

104 72 235
y

176
6

96 sd

day 7 0
120

2004
319

1720
209

568
776

-92
31

mean

sd

day 14 0
41

3231
693

3314
639

835
779

-73
199

mean

sd

day 28 0 8707 1493 176 -101 mean

60 625 309
D

607 108 sd

day 90 0
42

4556
98

1967
629

805
626

-14
43

mean

sd

plasm
a

CM ConA PHA PPD MUC-
1

screen 0 6384 5929 588 -39 mean

47 203 489 252 83 sd

day 7 0 5632 4289 750 10 mean

31 799 409 109 41 sd

day 14 0 4641 3813 934 157 mean

1 492 724 155 49 sd

day 28 0 9324 6876 268 207 mean

69 728 1214
J

105
4

71 sd

day 90 0 7768 7111 127 -21 mean

48 398 1610
u

196 45 sd

7



patient
4

5

AB CM ConA PHA PPD MUC-1
serum

screen 0 1222 1303 1557 41 mean

36 234 185 386 16 sd

day 7 0 4688 4574 3263 203 mean

101 670 654 607 47 sd

day 14 0 4472 2447 6114 -152 mean

166 384 30 1212 19 sd

day 28 0 1136 1070 8340 57 mean

5 3
9 421 838 557 123 sd

day 90 0 3107 2938 2406 -34 mean

98 124 527 1314 52 sd

AB CM ConA PHA PPD MUC-1
serum

screen 0 8299 7220 541 -7 mean

53 940 596 11 1 3 sd

day 7 0 6143 6033 2944 -188 mean

95 412 334 1498 87 sd

day 14 0 1208 7930 4257 448 mean

117 2183 979 2033 182 sd

day 28 0 9176 9456 2150 201 mean

199 968 1026 259 66 sd

day 90 0 3499 4047 516 -43 mean

49 1036 329 71 102 sd

AB CM ConA PHA PPD MUC-1
serum

screen 0 4595 4117 2078 -181 mean

118 433 293 166 23 sd

day 7 0 6370 6196 4099 20 mean

109 603 579 465 60 sd

day 14 0 5335 3020 2089 100 mean

102 1096 462 432 282 sd

day 28 0 4887 4143 5417 14 mean

70 1006 817 1165 37 sd

day 90 0 3478 2663 3494 59 mean

18 386 67 642 44 sd



patient 4

5

6

plasm
a

CM ConA PHA PPD MUC-
1

screen 0 2649 2789 367 20 mean

16 299 696 928 39 sd

day 7 0 3142 2726 318 -61 mean

97 730 430 895 38 sd

day 14 0 2322 1092 230 -245 mean

216 28 88 535 192 sd

day 28 0 6174 7776 569 -16 mean

39 556 831
(

593 39 sd

day 90 0 4019 3860 373 -39 mean

60 410 863
J

740 90 sd

plasm
a

CM ConA PHA PPD MUC-
1

screen 0 7707 6753 191 50 mean

2 407 572
b

148 92 sd

day 7 0 9397 8478 490 -149 mean

86 833 890 881 171 sd

day 14 0 9271 3533 436 183 mean

159 642 369
4

100
4

37 sd

day 28 0 3509 5590 490 327 mean

319 814 1137
C.

222 120 sd

day 90 0 6282 4279 115 -49 mean

79 1015 103
y

514 26 sd

plasm
a

CM ConA PHA PPD MUC-
1

screen 0 3957 4386 414
8

30

-107 mean

58 439 433 24 sd

day 7 0 8585 7851 676
8

264
9

124 mean

65 918 446 27 sd

day 14 0
247

6139
330

1930
305

896
430

-38
194

mean

sd

day 28 0 7268 4416 485
8

121
8

-312 mean

55 601 732 8 sd

day 90 0 5429 2949 347 -76 mean

75 701 176
J

314 44 sd



patient
7

8

AB CM ConA PHA PPD MUC-
serum 1

screen 0 1223 8055 3231 -180 mean

246 914 1568 730 77 sd

day 7 0 1087 9994 4065 -25 mean

20 603 581 2758 43 sd

day 14 0 7210 4082 8585 394 mean

70 1634 2526 993 233 sd

day 28 0 8112 9497 5315 -339 mean

175 1876 401 1495 39 sd

day 90 0 5462 3271 612 -662 mean

28 1288
o

3116 606 99 sd

AB
serum

CM ConA PHA PPD MUC-
1

screen 0

523

7149
5

3256

5740
2

2761

4742

970

-115

408

mean

sd

day 7 0

132

6008
0

7243

2916
7

2610

1165
8

3119

41

414

176

484

mean

sd

day 14 0

1046

6580
0

7928

3160
6

1457

6032

1233

30

101

653

499

mean

sd

day 28 0

218

5495
3

4877

3705
6

2438

6760

1989

-24

153

135
4

877

mean

sd

day 90 0

29

4796
2

1096
1

1682
8

653

4700

6498

-8

17

11

39

mean

sd

AB CM ConA PHA PPD Lip MUC-
serum 1

screen 0 5280 2694 3817 166 mean

2 9
209 5252 696 958 482 sd

day 7 0 2485 1654 1051 -350 -364 mean

6 5 2
237 2647 1642 1473 125 165 sd

day 14 0 7115 4989 1071 -321 -81 mean

6 5
257 8160 6922 258 7 171 sd

day 28 0 9335 1784 5478 82 638 mean

2 5
34 6005 1892 128 83 125 sd

day 90 mean

sd



patient 7

8

9

plasm CM ConA PHA PPD Lip MUC-
a 1
screen 0 9892 6668 355 -386 mean

7
101 1907 812 316 225 sd

day 7 0 6787 7068 672 -30 mean

14 259 1489 248 134 sd

0
day 14 0 4276 2888 715 138 mean

2 6
92 429 1578 123

3
145 sd

day 28 0 6339 7805 226 -46 mean

9
71 3166 302 637 38 sd

day 90 0 4131 1388 118 -351 mean

8 04
90 969 2085 610 199 sd

4

plasm
a

CM ConA PHA PPD Lip MUC-
1

screen 0

542

4637
3

3964

3118
3

2058

873
5

109
0

700

374

mean

sd

day 7 0

195

6851
8

4663

3278
1

1625

310
69

641
5

-21

159

-301

313

mean

sd

day 14 0

75

4153
2

3386

2648
2

6623

409
66

966
3

-66

744

339

430

mean

sd
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APPENDIX 9- List of Reagents

Reagent Supplier (if different for laboratory work from
clinical study)

Biomira Liposomal Peptide-25 (BLP 25) Biomira Inc, Edmonton, Alberta, Canada
CD14-FITC monoclonal antibody Caltag Med Systems, UK
CDla-PE monoclonal antibody Caltag Med Systems, UK
CD20 PE monoclonal antibody Caltag Med Systems, UK
CD25-FITC monoclonal antibody Caltag Med Systems, UK
CD3 TR1 monoclonal antibody Caltag Med Systems, UK
CD40 ligand Peprotech EC Ltd, UK
CD45RO-FITC monoclonal antibody Caltag Med Systems, UK
CD4-PE monoclonal antibody Caltag Med Systems, UK
CD80-PE monoclonal antibody Caltag Med Systems, UK
CD83-PE monoclonal antibody Caltag Med Systems, UK
CD86-FITC monoclonal antibody Caltag Med Systems, UK
CD8-PE monoclonal antibody Caltag Med Systems, UK
ConcavalinA (ConA) Sigma, UK
cRPMI (RPMI containing HEPES, sodium
pyruvate, sodium bicarbonate, glutamine,
penicillin and streptomycin)
Dimethyl sulphoxide Sigma, UK
Fit 3 ligand Peprotech EC Ltd, UK
Glutamine (2mM) Sigma, UK
GM-CSF Leucomax, Sanofi or (Peprotech EC Ltd, UK)
Fleparin Sigma, UK
HEPES (20mM) Sigma, UK
HLA-DR-FITC monoclonal antibody Caltag Med Systems, UK
HLA-DR-TRI monoclonal antibody Caltag Med Systems, UK
IL-4 R&D, UK or (Peprotech EC Ltd, UK)
Interferon gamma Boehtinger, Roche, Germany
Penicillin Sigma, UK
Phytohaemaglutinin (PHA) Sigma, UK
Polyriboinosinic polyribocytidylic acid Sigma, UK
Pooled heat inactivated AB serum SNBTS

Propidium Iodide Sigma, UK
Purified Protein Derivative (PPD) Medeva Pharma Ltd, UK or (Evans Medical)
RPMI

Sodium Bicarbonate (lg/1) Sigma, UK
Sodium Pyruvate (ImM) Sigma, UK
Streptomycin Sigma, UK
Thymidine ICN Pharmaceuticals Ltd, UK
TNF a Peprotech EC Ltd, UK
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APPENDIX 11 - Preclinical work 2, from trial protocol

Appendix V: Induction of anti-MUC-1 T cell responses in healthy donors

Dr. John Campbell and Dr. Ian Downing, Academic Transfusion Medicine Unit, Dept. medicine,

University of Glasgow.

This study was designed to examine the ability of peripheral blood-derived dendritic cells (DC) to

stimulate primary T cells responses in normal donors, as a prelude to testing breast cancer patients. The

study was carried out in 2 parts:

i. Assessing the time points at which in vitro generated DCs were most potent in inducing T cell

proliferation.

ii. Examining different liposomal Muc-1 formulations.

1. DC efficiency.

Introduction

Previous studies by this group showed that conversion of CD 14+ cells to DCs was demonstrable after

2-3 days culture in IL-4 and GM-CSF, and that the DC morphology was retained for several days

thereafter. DCs generated in this way have a naive phenotype ie. they express high levels of HLA-DR

and CD 1 a, but low CD83. This functional state is when DCs are most receptive to antigen (Ag). We

wished to assess whether cells which were freshly generated (ie. 2-3 days culture) were more efficient

than those which had been allowed to develop in cytokines for a longer time period. To test which day

of DC culture produced the most potent cells, DCs cultured for 3 or 6 days were assessed for their

ability to induce T cell proliferation to Muc- 1, with KLH being used as a control Ag.

Materials and Methods

Blood from normal healthy volunteers were used. 7 donors (4 male, 3 female) were assessed at 6 days

DC culture, 5 (2 male, 3 female) for 3 days DC culture.

Peripheral Blood Mononuclear cells (PBM) were separated over ficoll-hypaque, and washed in RPMI-

1640 medium. PBM were adhered to tissue culture flasks for 2 hrs, and the non-adherent fraction

removed. The adherent fraction was cultured in 15ng/ml IL-4 and 50ng/ml GM-CSF in RPM1-1640

supplemented with antibiotics, glutamine and either 1% or 10% AB human serum for 3 or 6 days. The



non-adherent fraction was cultured in medium as above, supplemented with 5% AB serum.

After 3 or 6 days the DCs were washed twice in RPMJ for use in T cell proliferation assays. The non¬

adherent cells (NAC) were washed in RPMI medium, and adjusted to 4xl06 viable cells per ml. NAG

were cultured in medium alone, Con A 4pg/ml, KLH (5pg/mll), KLH 5pg + Muc- 1 liposomes, and

Muc-1 liposomes alone with or without DCs at a ratio of 1DC:10NAC. The Muc- 1 used was the "small

liposome" formulation. Cells are loaded at 2xl07 cells per lOOpl of liposomes. For loading in

proliferation assays, 4xl06 NAC (± 4xl05 DCs) were loaded with 20pl of liposomes. Samples (4xl05

NAC/well) were cultured in quadruplicate in 96 well microtitre plates for 5 days. Proliferation was

assessed by the addition of IpCi [3H]dThd in the last 6 hours of incubation. Incorporated radiolabel was

assessed in a Packard Matrix 96 counter.

Results and Conclusions

In both the day 3 and day 6 "stored" NAC, T cell reactivity was preserved. T cell proliferation to Con

A was maintained within the normal range (results not shown).

i. Control KLH antigen

DCs cultured in 1% AB serum.

6/7 donors with day 6 DC and 5/5 donors with day 3 DC demonstrated responses to KLH higher than

control levels (fig.l).

DCs cultured with 10% AB serum.

6/7 donors with day 6 DC and 4/5 donors with day 3 DC demonstrated responses to KLH higher than

control levels (fig.2).

There does not appear to be any significant benefit in the use of Day 3 vs. Day 6 DCs in generating

proliferative responses to KLH.



1. Muc-1 antigen

Responses to the Muc-1 antigen were measured with or without the addition of KLH, to examine

whether uptake of liposome alone was sufficient to induce proliferative response, or whether a carrier

Ag was required. A positive result with KLH and Muc- 1 was scored if the proliferation was higher

than to KLH alone.

DCs cultured in 1% AB serum.

Day 6 - 1/7 donors made a Muc-1 response measured by proliferation higher than control levels,

although a further 2 different donors responded with the addition of KLH.

Day 3 - 5/5 donors exhibited increases in Muc proliferation vs control, although in 2 cases (MS and F4)

this was a less than 15% increase. Donor MS made a substantially bigger response with KLH and Muc-

1 - (fig- 3).

DCs cultured in 10% AB serum.

Day 6-1/7 donors made a Muc- 1 response measured by proliferation higher than control levels,

although a further 3 different donors responded with the addition of KLH.

Day 3 - 3/5 donors exhibited increases in Muc proliferation vs control. One of these donors (F4) had an

augmented response with Muc-1 + KLH. (fig. 4).

The best conditions for induction of Muc-1 responses appears to be the use of Day 3 DCs, and the

addition of Muc-1 without KLH. DCs grown in 1% AB serum also appear to be best at presenting

Muc-1 alone. The augmentation of some day 6 responses with KLH is most likely due to DCs still

being receptive to KLH at day 6.

2. Comparison of Large and Small Muc-1 liposomes.

The responses of donors to small Muc- 1 liposomes detailed above was compared to the responses of 5

further donors to Large Muc- 1 liposomes. The experiments were carried out with day 3 DCs grown in

1% AB serum.

As Biomira had indicated that the large liposomes were potentially toxic to T cells, DCs were pulsed



with the large liposomes 24hrs before use at lOOpl per 2xl07 cells, and washed before use. This means

that the comparisons which can be made here are not absolutely direct small liposomes are added

direct to the DC/T cell culture. DCs were loaded with large liposomes alone, KLH, or both.

Proliferation assays were carried out as detailed above.

In addition, FACS analysis comparisons were made between DCs + small or large liposomes. These are

detailed elsewhere, but examples are included here.

Results

Large Muc-1 liposome-pulsed DC induced proliferation in only one donor out of 5, and this was only a

marginal increase (12000 CPM => 15000 CPM, donor M8). Addition of KLH with the liposomes gave

increased proliferation (above KLH alone) in 2 donors (M7 and M8) (fig. 5). Comparison of DC pulsed

with small (successful proliferation) and large liposomes (no proliferation) showed a loss of HLA-DR

and CD83 expression by large liposome-pulsed cells but not by small liposome-pulsed cells (fig. 6+7).

The loss of these 2 essential antigen presenting-molecules may account for the poor induction of

proliferation by the large liposomes.

Form this part of the study we conclude that large liposomes are far less efficient at inducing

proliferation of T cells than the small liposomes. This may be due to a failure of the large liposomes to

maintain or induce DC surface expression of molecules essential in antigen presentation.

Conclusions

1. By using DC, it is possible to induce de novo antigen-specific T cell proliferation to MUC-1 or

the control Ag KLH.

2. DCs grown in cytokines and 1% ABS-supplemented medium for 3 days induce the best antiMuc

responses.

3. KLH does not always augment anti-Muc responses.

4. "Small" liposomes are more efficient at inducing responses than "large" liposomes.



Legends Fig. 6+7.

Fig.6. At day 3, before Ag is added, DCs show typical morphology high expression of CDla and

HLA-DR, but no CD83. After either small liposomes or KLH, DC maintain HLA-DR and express

CDS3 at day 6 (ie 3 days post antigen). (Donor F4).

Fig. 7. At day 3, before Ag is added, DCs show typical morphology high expression of CDla and

E1LA-DR. but no CD83. After KLH, DC maintain HLA-DR and express CD83 at day 6, however,

large liposomes do not induce CD83, and depress HLA-DR (ie 3 days post antigen). (Donor F7).



Fig.l Response to KLH - 1% serum DCs

Day 6

1M 2M 3M 4M 1F 2F 3F

Day 3

M5 M6 F4 F5 F6

Titrated thymidine uptake induced by KLH using Day3 or Day6 DC. Control is NAC+DCs no antigen



Fig.2 Response to KLH 10% serum DCs

Day 6

1M 2M 3M 4M 1F 2F 3F

Day 3

M5 M6 F4 F5 F6

Titrated thymidine uptake induced by KLH using Day3 or Day6 DC. Control is NAC+DCs no antigen



Fig 3. Response to MUC-1 - 1% serum DCs

Day 6

1M 2M 3M 4M 1F 2F 3F

Day 3

M5 M6 F4 F5 F6

Titrated thymidine uptake induced by muc-1 with or without KLH DCs harvested at day 3 or day 6 of

culture

Arrows indicate that Muc+KLH proliferation is higher than KLH alone Control is NAC+DCs no

antigen



Fig 4 Response to MUC-1 - 10% serum DCs

Day 6

1M 2M 3M 4M 1F 2F 3F

Day 3

M5 M6 F4 F5 F6

Titrated thymidine uptake induced by muc-1 with or without KLH DCs harvested at day 3 or day 6 of

culture

Arrows indicate that Muc+KLH proliferation is higher than KLH alone

Control is NAC+DCs no antigen



Fig 5 Response to Large Liposome Muc-1

m / mo ma i-/ ro

Titrated thymidine uptake in 5 normal donors.

Arrows indicate that Muc+KLH proliferation is higher than KLH alone

Control is NAC+DCs no antigen
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APPENDIX 12- Abstracts presented.

a. ASCO 2000

A Phase One Trial of Autologous MUC-1 Pulsed Dendritic Cells for the Treatment of
Patients with Relapsed Metastatic Breast Cancer.

F. E. Nussey, I Downing, M. Waterfall, J. Campbell, N. Hunter, J. Parker, J. Innes, K.
Samuel, Gordon Cook, M.L.Turner, R.C.F.Leonard.

Western General Hospital, Crewe Road, Edinburgh, EH4 2XU.

Human MUC-1 is a high molecular weight trans-membrane glycoprotein which is
expressed on most epithelial cells, but in breast cancer there are alterations in
distribution and intensity of expression, as well as changes in carbohydrate structure.

Dendritic cells (DC's) are potent antigen processing and presenting cells which, when
pulsed with MUC-1 tumour antigens are able to induce MHC restricted antigen
specific CD4 and CD8 positive T cells in vitro. DC's are the only antigen presenting
cells known to induce and specifically prime naive cytotoxic T lymphocytes.

Since August 1999 DC's have been produced by co-culture, in the presence of GM-
CSF and IL4, of monocytes derived from the buffy coat of 6 patients with relapsed
metastatic breast cancer (BC). These cells were then pulsed with liposomal MUC-1
("Biomira Inc") and returned to the patients by subcutaneous injection. Each patient
received one or two injections depending on the number of cells produced, but all
received a dose equivalent to between 0.07 and 0.13 xl06 CDla positive cells per
kilogram. Patients were observed overnight and followed up at 7, 14, 28 days and 3
months following the completion of therapy. Disease status was assessed at entry to
the study and at 28 days and 3 months. There was no acute toxicity noted. Fatigue
(lasting median 2.5 days) was reported in 4 patients; grade 1 in 3 and grade 2 in 1.
There were no grade 3 or 4 toxicities noted. All patients have now completed follow
up of minimum 28 days and maximum 3 months. At one month one patient had
stable disease after prior progression, two had continuing stable disease and three
experienced further progression.

This phase one study has achieved its objectives in demonstrating the feasibility and
minimal toxicity of this approach. Further clinical studies are requested to assess
potential theraputic benefit. Studies of the specific humoral and cellular immune
responses in these patients are in progress.

This work is supported by a grant from "The Melville Trust for the Care and Cure of
Cancer"



b. DC 2000

A Phase One Trial of Autologous MUC-1 Pulsed Dendritic Cells for the Treatment of
Patients with Relapsed Metastatic Breast Cancer.

F. E. Nusseyl, I Downing2, M. Waterfall 1, J. Campbell2, N. Hunter2, J. Parker3, J.
Innes2, K. Samuel2, G.Cook2, M.L.Turner4, R.C.F.Leonardl.

University of Edinburgh, Department of Oncology, Edinburgh, UK, EH4 2XU. 1
Scottish National Blood Transfusion Service, Cellular Therapeutics Group,
Edinburgh, UK, EH1 2QN. 2
'Biomira Inc', Edmonton, Canada. 3
University of Edinburgh, John Hughes Bennett Laboratories, Edinburgh, UK, EH4
2XU.4

Human MUC-1 is a high molecular weight trans-membrane glycoprotein which is
expressed on most epithelial cells. In breast cancer there are changes in its structure
as well as distribution and intensity of expression.

Dendritic cells (DC's) are potent antigen processing and presenting cells which, when
pulsed with MUC-1 tumour antigens are able to induce MHC restricted antigen
specific CD4 and CD8 positive T cells in vitro. DC's are the only antigen presenting
cells known to induce and specifically prime naive cytotoxic T lymphocytes.

Since August 1999 6 patients with metastatic breast cancer (BC) have received
subcutaneous injections of autologous cultured DC's pulsed with liposomal MUC-1
('Biomira Inc'). Each patient received one or two injections depending on the number
of cells produced, but all received a total dose equivalent to between 0.07 and
0.13x106 CD la positive cells. Patients were observed overnight and followed up at 7,
14, 28 days and 3 months. Disease status was assessed at entry to the study and at 28
days and 3 months. There was no acute toxicity. Fatigue (lasting median 2.5 days)
was reported in 4 patients; grade 1 in 3 and grade 2 in 1. Minimum follow-up 28days,
maximum 3 months. At one month 1 patient had stable disease after prior
progression, 2 had continued stable disease and 3 had further progression.

We have achieved our objective in showing that this is a well tolerated approach.
Further clinical studies are required to assess potential therapeutic benefit. Studies of
the specific humoral and cellular immune responses in these patients are in progress.
This work is supported by a grant from 'The Melville Trust for the Care and Cure of
Cancer'.



c. DC 2000

Immune responses of patients treated with MUC-1 pulsed dendritic cells for
relapsed metastatic breast cancer

M. Waterfall3, F E Nussey3, K Samuelb, J Parker®, M L Turnerb'd, R C F Leonard3.

aUniversity of Edinburgh, Department of Oncology, Edinburgh, UK. bScottish
National Blood Transfusion Service, Cellular Therapeutics Group, Edinburgh,
UK. cBiomira Inc, Edmonton, Canada. dUniversity of Edinburgh, John Hughes
Bennett Laboratories, Edinburgh, UK.

The trans-membrane glycoprotein MUC-1 is abnormally expressed in breast
cancer revealing a peptide-core-target (peptide-c) antigen. In patients the
hypothesis that antigen-pulsed dendritic cells (DC) could induce tumour specific
responses, as has been demonstrated in vitro, was tested using DC generated for
cytokine treated peripheral blood monocytes. Autologous DC pulsed with
liposomes containing MUC-1 peptide-C (Biomira Inc.) were returned sub-
cutaneously to patients (n=6) with relapsed metastatic breast cancer. Patients
received 0.07-0.13x106 cells/kg CDla+ve cells in 1 or 2 injections. Immuno-
competence of patients was assessed pre-treatment, and 7, 14, 28 and 90 days after
the start of treatment. Following culture with mitogens (ConA, PHA), recall
antigen (PPD) and liposomal MUC-1 peptide-c, peripheral blood was assessed for
activation and phenotype by flow cytometry and proliferation was measured by
tritiated thymidine incorporation. In proliferation assays controls showed little
variation in response to ConA, PHA or PPD throughout the study. Patients
responses to PHA were comparable with controls and showed increasing
proliferative response to ConA with time. Compared to controls which showed no
response to MUC-1 antigen, patients displayed a small but significant increase in
proliferation to MUC-1 antigen. The data show that antigen pulsed DC induce
tumour specific responses in breast cancer patients, supporting the hypothesis.



d. DC 2000

Liposomal MUC-1 Pulsed Dendritic Cells are Sufficient for the Induction of T
cells Responses.

I Downing1, M L Turner1, J Parker2, J D M Campbell1.

SNBTS Cell Therapy Group, Glasgow Royal Infirmary, Glasgow '. Biomira,
Edmonton, Canada2.

We have developed a method based on dendritic cells (DC) generated from
peripheral blood monocytes pulsed ex vivo with liposome encapsulated MUC-1
for use in a phase 1 breast cancer trial. MUC-1 peptide pulsed DC could not
induce T cells proliferation without the addition of maturation agents. Liposome
encapsulated MUC-1 was able to mature DC in ex vivo culture compared to the
naked MUC-1 antigen, which could not. The size of the liposome determined the
ability of the antigen to mature the DC and induce T cell proliferation - small
liposome (67nm diameter) induced proliferation in 8/10 donors whereas large
liposomes (lOOOnm) induced proliferation in 0/5 donors. Liposome encapsulated
antigen induced the expression of CD83 and maintained high HLA DR expression
by DC. Although these responses could be augmented by maturation agents ie
Poly (I:C), the liposome-encapsulated Ag-pulsed DC alone were sufficient to
generated MUC-1 specific T cells lines. We conclude that liposomal MUC-1 is
sufficiently potent to prime DC without maturation agents, and is [particularly
suitable for clinical use.



e. BCRM2001

AUTOLOGOUS MUC-1 PULSED DENDRITIC CELLS ARE A SAFE,
FEASIBLE TREATMENT APPROACH IN PATIENTS WITH CANCER AND
ARE ASSOCIATED WITH CELLULAR IMMUNE RESPONSES.

F Nusseyl, M Waterfalll, K Samuel2, A Atkinson2, R Leonardl, M Turnerl,2.
University of Edinburgh, Dept. of Oncology, Western General Hospital,EH4
2XU1; Scottish National Blood Transfusion Service, Cellular Therapeutics Group,
John Hughes Bennett Laboratories, Western General Hospital, Edinburgh2 .

Exploitation of the immune system in patients cancer represents a promising
treatment approach. Dendritic cells (DC) are professional antigen presenting cells
which are capable of inducing MHC restricted antigen specific CD4 and CD8 T
cells in vitro when pulsed with tumor antigens. The function of DC in patients
with malignancy is deficient and re-administration of ex-vivo cultured DC may
reverse this. MUC-1 is a trans-membrane glycoprotein which is aberrantly
glycosylated in a number of human cancers such that an occult epitope is exposed
which provides an immuno-therapeutic target.

A phase 1 clinical trial of MUC-1 pulsed DC began in July 1999. 12 patients with
breast, ovarian, colorectal and oesophageal cancer have been treated. 4 patients
remain on follow up. Mononuclear cells were obtained from a peripheral blood
donation or leucapheresis and adherent monocytes were cultured in GM-CSF and
IL4 to obtain DC. These were then pulsed with a liposomal preparation of a 25-
mer peptide from MUC-1 (BLP-25, Biomira Inc) and re-administered by
subcutaneous injection. DC were defined as cells expressing CD la. Patients
received between 0.075 xl06 and 1.0 xl06 DC per kg body weight in one or two
doses. They were followed up for toxicity, immune response and clinical effects
at days 1, 7, 14, 28 and 90.

11 patients are currently assessable being more than 28 days from treatment.
Minor, self limiting grade 1 toxicitites were reported by 8 patients and included
fatigue and pain at the injection site. Grade 2 fatigue was seen in 2, myalgia in 1
and anaemia in 1. No grade 3 or 4 toxicities were seen. 4 patients had stable
disease radiologically and clinically at 28 days, one after prior progression, but all
had progressed by 3 months. Immunological effects - a small but significant
increase occurred in proliferative response to the MUC-1 antigen in patients over
time compared with controls (n=6). There was an increase in response to repeated
skin testing with PPD, a recall antigen, following the DC therapy (n=9). Patients
mean pre-treatment value was 3.2mm, post treatment 13mm (p=0.03, Students t
test), compared to controls (n=5), who showed no response to re-testing over the
same time period (initial test mean 17.6mm, repeated test mean 23.6mm, p=0.13,
Students t test).

This phase 1 trial demonstrates a safe, feasible treatment approach with biological
effects in patients with a range of malignancies. Larger studies will be required to
show potential therapeutic benefit. This work is supported by a grant from the
Melville Trust for the Care and Cure of Cancer.



f. BBTS 2001

Investigation of the function of human dendritic cells generated from peripheral
blood adherent monocytes following exposure to maturational agents.

1 1 9 9*9
Martin Waterfall , Fiona Nussey , Kay Samuel , Huw Roddie , David Kilpatrick
and Marc Turner1,2.

'John Hughes Bennett Lab, Department of Oncology, University of Edinburgh,
Western General Hospital, Edinburgh.
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Dendritic cells (DC) are potent antigen presenting cells, pivotal in the initiation
and control of immune responses, shown to induce MHC-restricted antigen
specific CD4+ and CD8+ T lymphocytes in vitro when pulsed with tumour
associated antigen. In cancer patients the function of DC has been shown to be
suppressed by tumour products. This can be abrogated with DC are generated de
novo from patients peripheral blood of bone marrow.

There ahs been much discussion of the attributes of DC necessary for the
induction/reactivation of immune responses to tumour. Immature DC which
reside in non-lymphoid tissues where they phagocytosed and process antigen for
expression with MHC class I and II molecules. This leads to activation and
migration to secondary lymphoid organs where such mature DC can interact with
naive T lymphocytes to initiate a primary immune response.

The use of mature rather than immature antigen pulsed DC appears to be
beneficial in murine tumour models, though this has not been substantiated in
humans.

This study was designed to investigate the influence of different maturation agents
on DC immunostimulatory ability. Agents tested included TNF alpha, CD40
ligand, IFN gamma, poly I:C and Flt-3 ligand singly and in combination.
Responses were evaluated in vitro for the production of cytokines such as IL-12
by DC and the induction of T lymphocyte proliferation and cytokine monitoring
of T lymphocyte responses.


