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ABSTRACT
H[V-induced immunosuppression is caused by defects in both CD4+ I cell and
antigen presenting cell (APC) function. This is possibly due to a defect in class IIrestricted antigen presentation, as studies have shown that HIV interacts with the
class II biosynthetic pathway directly. The aim of this project was to investigate the
effects of HIV infection on class II biosynthesis and surface expression in professional
and non-professional APC.
H9 CD4+ T cells were used as non-professional APC, with Priess CD4+ B cells, and
primary macrophage (M4) cultures representing professional APC. Productive
infection of these cells with HTV was demonstrated by reverse transcriptase
polymerase chain reaction; Western blotting of extracted cell extracts; and from
culture supernatant levels of viral reverse transcriptase, p24 gag, and gpl2O env.
Class I and II biosynthesis and surface expression levels were measured over a time
course of HIV infection. In Priess and M4), there was an early rise in surface class I
and II levels, although biosynthesis remained constant. At later stages of infection,
surface class I and II were decreased, despite an increase in biosynthesis. In H9 cells,
lily induced large increases in class II biosynthesis and surface expression which
were maintained throughout infection. These data suggest that H1IV acts differently on
professional and non-professional APC. Limiting class 11-restricted antigen
presentation by APC would prevent the induction of primary immune responses. Class
11-restricted antigen presentation by non-professional APC could lead to anergy
induction of responder T cells and a loss of secondary responses.
To investigate the mechanism by which HIV controls class II expression in nonprofessional APC, a transfëction model was designed for the expression of the
HJVenv gene, either singly, or co-transfected with an I{EVAenv plasmid, in liLA-
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DR4+ Chinese hamster ovary (CHO-DR) cells. It was shown that the env
glycoproteins produced in this model were processed correctly in both single and
double transfectants, and could be incorporated into virus particles released from
env/1HVenv transfected cells.
Env production in CHO-DR cells led to an increase in the surface expression of
conformationally immature class II. This increase was not due to higher levels of class
II biosynthesis, or more rapid intracellular processing. This shows that, in the
presence of the FIIV env glycoprotein, a greater proportion of cell-associated class II
reaches the cell surface, and that env may act as a chaperone, stabilising immature
class II molecules. Using Western blotting, it was also shown that class II, in the form
of ap dimers, could be incorporated into virus particles released from env/HIVzenvtransfected CR0-DR cells. It is possible that this is dependent on association with env
glycoproteiris, suggested by the effect of env expression on surface class II
expression.
The results indicate that HIV has different effects, depending on the cell type under
investigation. In professional APC, class H surface expression remains unchanged
despite increased biosynthesis, whilst in non-professional APC there is increased
surface class II on infected cells. Data from the single, and double transfection models
indicate that these effects may be mediated by the HIV env glycoprotein.

V

ABBREVIATIONS
aa
ABC
AIDS
AP
APC
AT?
12M
BiP
bp
BPV
BSA
CAT
CD
CHO
CIITA
Cliv
CLIP
CMV
cpm
CTL
DAF
DC
DNA
cDNA
DNFM
EBV
ELISA
EM
Endo H
em'
env
ER
FCS
FITC
GFP

Amino acids
ATP binding cassette
Acquired immunodeficiency syndrome
Adaptor protein complex
Antigen presenting cell
Adenosine triphosphate
32-MicroglobuIin
Immunoglobulin binding protein
Base pairs
Bovine papilloma virus
Bovine serum albumin
Chioramphenicol acetyltransferase
Cluster of differentiation
Chinese hamster ovary
Class II transactivator
Class 11-containing vesicle
Class 11-associated invariant chain peptide
Cytomegalovirus
Counts per minute
Cytotoxic T lymphocyte
Decay accelerating factor
Dendritic cells
Deoxyribonucleic acid
Complementary DNA
Dried non-fat milk
Epstein-Barr virus
Enzyme-linked immunosorbent assay
Electron microscopy
Endoglycosidase H
FIIV envelope gene all genes are shown in italics
envelope glycoprotein gene products are shown in plain text
-

-

Endoplasmic reticulum
Foetal calf serum
Fluorescein isothiocyanate
Green fluorescent protein

!iI

HBV

Hepatitis B virus

HC
HCMV
HIV

Heavy chain
Human cytomegalovirus
Human immunodeficiency virus

HLA
HRP

Human leukocyte antigen
Horseradish peroxidase
Heat shock protein
Herpes simplex virus
Human T-ceil leukaemia virus
Intercellular adhesion molecule
Interferon
Immunoglobulin
Invariant chain

hsp
HSV
HTLV
ICAM
IFN
Ig
Ii
IL
kDa
LAMP
LAV
LCMV
LFA
LMP
LTR
MCMV
MCP
M4
MFI

Interleukin
Kilodaltons
Lyso some-associated membrane protein
Lymphadenopathy-associated virus
Lymphocytic choriomeningitis virus
Lymphocyte function-related antigen
Low molecular mass polypeptides
Long terminal repeat
Murine cytomegalovirus
Membrane cofactor protein

MIHC

Macrophage(s)
Mean fluorescence intensity
niilligrammes
Micro grammes
Major histocompatibility complex

MIIC
M1[RL
ML-MIIC

Class 11-containing compartment
Membrane inhibitor of reactive lysis
Multilaminar class 11-containing compartment

MM

Millimoles
Micromoles
Mannose-6-phosphate receptor
Messenger RNA
Multivesicular class 11-containing compartment
Molecular weight

mg
.tg

MPR
mRNA
MV-MIIC
MW

VII

ng
NSI
ORF

Nanogranimes
Non-syncytium inducing
Open reading frame

PBS
PBMC(s)
PCR

Phosphate buffered saline
Peripheral blood mononuclear cell(s)

RER
RMM
RNA
RRE

Polymerase chain reaction
Picomoles
Polyomavirus
Rough endoplasmic reticulum
Relative molecular mass
Ribonucleic acid
Rev-responsive element

RI
RT-PCR

Reverse transcriptase
Reverse transcriptase polymerase chain reaction

SDS
SI
SIV
SV-40

Sodium dodecyl sulphate
Syncytium inducing
Simian immunodeficiency virus
Simian virus 40
Transporter associated with antigen processing

PM
PV

TAP
T['BS
TCR
TGF
TGN
TNF
TTP
vpr
vpu

Tris buffered saline
T cell receptor
Transforming growth factor
Trans-Go igi network
Tumour necrosis factor
Thymidine triphosphate
Viral protein R
Viral protein U

viii

CONTENTS
DECLARATION
DEDICATION
ACKNOWLEDGEMENTS
iv
vi
ix
xvi

ABSTRACT
ABBREVIATIONS
CONTENTS

LIST OF FIGURES
CIIAPTER 1
INTRODUCTION
1.1 THE MAJOR HISTOCOMPATIBILITY COMPLEX
11.1 Introduction to the MIHC
1.1.1.1 Discovery of the MIHC
1.1.1.2 T cell receptor/MHC interaction
1.1.1.3 MHC genomic organisation
1. 1.2 MHC class I
1.1.2.1 Structure of MHC class I
1.1.2.2 Generation of peptides for class I binding
1.1.2.3 Assembly of MIHC class I
1.1.3 MHC class H
1.1.3.1 Structure ofMHC class H
1.1.3.2 Regulation of MHC class II gene expression
1.1.3.3 Generation of peptides for class H binding
1.1.3.4 Assembly and transport of MEIC class II
1. 1.4 Viral modulation of MHC-restricted antigen presentation
1.1.4.1 MIFIC class I
1.1.4.2 MHC class II
1.2 THE HUMAN IMMUNODEFICIENCY VIRUS
1.2.1 Introduction to HIV
1.2.1.1 Discovery of HIV
1.2.1.2 Natural history of HIIV infection
1.2.1.3 Structure of HIV
1.2.1.4 Cellular tropism of HIV
1.2.2 Viral life cycle
1.2.3 Immune response to HIV
1.2.3.1 CD8+ T cell responses
1.2.3.2 CD4+ T cell responses

lx

1.2.3.3 Humoral immunity
1.2.4 Immuno suppression by HIV
1.2.4.1 T cell defects
1.2.4.2 APC defects
1.2.4.3 Autoinimunity
1.3 OUTLINE OF PROJECT
MATERIALS AND METHODS
CHAPTER 2
2.1 CELLS AND CELL CULTURE
2. 1.1 Cell lines
2.1.1.1 Priess
2.1.1.2H9
2.1.1.3 COS
2.1.1.4 CHO-DR
2.1.2 Preparation of Primary Macrophage Cultures
2.1.2.1 Isolation of peripheral blood mononuclear cells
2.1.2.2 Preparation of primary macrophage cultures
2.1.3 Virus strains/infection
2.1.3.1 HIIVmB
2.1.3.2 HTVBa-L
2.2 ANTIBODIES
2.2.1 General
2.2.1.1 Anti-MHC
2.2.1.2 Anti-HIV
2.2.1.3 Conjugated antibodies
2.2.2 Selection of HIV-positive sera for gp120 antibodies
2.2.2.1 Identification ofgpl2O antibodies in patient sera
2.2.2.2 Recognition of viral proteins in HIV-infected Priess cells
2.3 VIRAL ASSAYS
2.3.1 Reverse transcriptase assay
2.3.2 p24 antigen capture ELISA
2.3.2.1 Plate coating
2.3.2.2 ELISA
2.3.3 Concentration of virus from culture supernatants
2.4 REVERSE TRANSCRIPTASE PCR
2.4.1 Detection of HIV mRNA by reverse transcriptase PCR
2.4.1.1 RNA extraction

x

44

2.4.1.2 RNA quantification
2.4.1.3 cDNA synthesis
2.4.1.4 Primary PCR amplification of HIV cDNA
2.1.4.5 Agarose separation of primary PCR products

2.5 METABOLIC LABELLING
2.5.1 Metabolic labelling and pulse chase analysis
2.5.1.1 Preparation of cells
2.5.1.2 Radiolabelling
2.5.1.3 Chasing
2.5.1.4 Lysate preparation
2.5.1.5 Immunoprecipitation
2.5.1.6 Preparation of Protein G sepharose beads
2.5.2 Detergent selection
2.5.3 Comparison between NP-40 and digitonin
2.5.4 Modification of labelling time
2.5.4.1 Pulse labelling
2.5.4.2 Selection of labelling times
2.5.5 gp120 protein labelling and immunoprecipitation
2.5.6 Endoglycosidase H digestions
2.5.7 SDS-PAGE
2.5.7.1 Preparation of resolving gels
2.5.7.2 Sucrose density gradient gels
2.5.7.3 Stacking gels
2.5.7.4 Electrophoresis
2.5.7.5 Autoradiography
2.6 WESTERN BLOTTING
2.7 IMMUNOFLUORESCENCE
2.7.1 Flow cytometry
2.7.2 Indirect immuno fluorescence
2.7.2.1 Preparation of coverslips for adherent cells
2.7.2.2 Immunofluorescence staining
2.7.2.3 Preparation of mounting medium
2.8 TRANSFECTIONS
2.8.1 Plasmids
2.8.1.1 pSRHS
2.8.1.2 pEX2
2.8.1.3 pEV3

xi

2.8.1.4 pHL
2.8.1.5 pHI VAenvCAT
2.8.1.6 pSV-rev
2.8.1.7 pJK-2
2.8.2 Plasmid DNA preparation
2.8.2.1 Isolation of plasmid DNA
2.8.2.2 Purification of plasmid DNA
2.8.3 Transient transfection of adherent cells
2.8.4 Determination of transfection efficiency using f-gaIactosidase activity
2.8.5 gp120 antigen capture ELISA
2.8.5.1 Plate coating
2.8.5.2 ELISA
2.8.6 Chloramphenicol acetyltransferase assay

CHAPTER 3
HIV INFECTION AND CLASS II EXPRESSION
114
3.1 INTRODUCTION
3.2 RESULTS
3.2.1 Time course of }{IV mRNA expression in infected Priess and H9 cells
3.2.2 Detection of virion release from HI V-infected Priess, H9, and macrophages by
reverse transcription assay
3.2.3 Detection of virion release from MV-infected Priess, H9, and macrophages by
p24ELISA
3.2.4 Detection of virion release from HIV-infected Priess, H9, and macrophages by
gpl2O ELISA
3.2.5 Detection of viral protein expression in MV-infected Priess. H9, and
macrophages by Western blot
3.2.6 Surface expression of class II on 1-IV-infected Priess, H9, and macrophages
3.3 DISCUSSION
3.3.1 Design of study
3.3.2 Time course of viral gene integration and expression
3.3.3 Time course of viral protein release from HIV-infected Priess, H9, and
macrophages
3.3.4 Detection of cell-associated viral proteins in HP/-infected Priess, H9, and
macrophages by Western blotting
3.3.5 Effect of HIV infection on MIHC class I and class H surface expression on
Priess, H9, and macrophages
3.3.6 Summary

xu

CHAPTER 4
PULSE CHASE ANALYSES
151
4.1 INTRODUCTION
4.2 RESULTS
4.2.1 MI-IC class I, class H, and invariant chain synthesis by HIV infected Priess
cells
4.2.2 MIHC class I, class H, and invariant chain synthesis by HTV infected H9 cells
4.2.3 MI-IC class I, class H, and invariant chain synthesis by HIV infected primary
macrophage cultures
4.2.4 Endoglycosidase H analysis of newly synthesised class H and invariant chain
molecules in control and day 8 infected Priess and H9 cells
4.2.5 SDS stability of class II molecules in control, day 3, and day 10 infected Priess
cells
4.3 DISCUSSION
4.3.1 Comparison between the effects of HIV infection on class II and Ii expression
by Priess and H9 cells
4.3.2 Effects of HIV infection on class II expression by primary macrophages
4.3.3 Effects of HIV infection on Golgi processing of newly synthesised class II and
invariant chain molecules in Priess and H9 cells
4.3.4 SDS stability of class II molecules in WV infected Priess cells
4.3.5 Summary
4.3.6 Addendum to Chapters 3 and 4
CHAPTER 5
ENVTRANSFECTION MODEL
195
5.1 INTRODUCTION
5.2 RESULTS
5.2.1 Env expression and gpl2O release from pSRHS-, pEX2-, and pHL-transfected
COS cells
5.2.2 Time course of env expression in pSRHS-transfected COS cells
5.2.3 Effect of rev on gpl 20 production by pSRHS- and pEX2-transfected COS
cells
5.2.4 Synthesis and processing of FIIV env in pSRHS-transfected COS cells
5.2.5 Env expression and gpl2O release from pSRHS-, pEX2, and pHL-transfected
CHO-DR cells
5.2.6 Surface expression of class II and env on CHO-DR cells after transfection
with pSRHS
5.2.7 Intracellular localisation of class II and env in pSRHS-transfected CHO-DR
cells

pqm

5.2.8 Synthesis and processing of HIIV env in pSRHS-transfected CHO-DR cells
5.2.9 Synthesis and processing of MI-IC class II in pSRHS-transfected CHO-DR
cells
5.3 DISCUSSION
5.3.1 Development of the env-transient transfection model in COS cells

5.3.2 Optimisation of the env-transfection model for CHO-DR cells
5.3.3 Effect of env transfection on class II expression by CHO-DR cells
5.3.4 Surnmaiy
HIVtENVfENVCOMPLEMENTATION ASSAYS 238
CHAPTER 6
6.1 INTRODUCTION
6.2 RESULTS
6.2.1 Time course of CAT expression and gp120 release from pSRHS- and
pHI VzenvCAT-transfected COS cells
6.2.2 Env synthesis and expression in pI-IIVAenvCAT-transfected COS cells
complemented with pEX2 or pSRHS
6.2.3 Incorporation of gpl 20 into virions released from pHTVenvCAT-transfected
cells complemented with pSRHS
6.2.4 CAT activity and env production in COS and CHO-DR cells transfected with
different molar ratios of pHTVienvCAT and pSRHS
6.2.5 Incorporation of gp120 and MHC class II into virions released from
pI{IVienvCAT-transfected CHO-DR cells complemented with pSRHS
6.2.6 Surface expression of class II and env on p}-IIVAenvCAT-transfected CHODR cells complemented with pSRHS
6.2.7 Intracellular localisation of class II and env glycoproteins in pH1VenvCATtransfected CHO-DR cells complemented with pSRHS
6.2.8 Synthesis of class II molecules in pHIVzenvCAT-transfected CHO-DR cells
complemented with pSRHS
6.3 DISCUSSION
6.3.1 Development of the HIVenv/env complementation assay in COS cells
6.3.2 Comparison between CAT and env gene expression in COS and CHO-DR
cells
6.3.3 Effect of pHIVzenvCAT/pSRHS transfection on class II expression by CHODR cells
6.3.4 Summary

K4 MA

CHAPTER 7

GENERAL DISCUSSION

275

7.1 EFFECT OF HIV ON CLASS II BIOSYNTHESIS AND SURFACE ExPREsSIoN
7.2 EFFECT OF ENVTRANSFECTION ON CLASS II EXPRESSION
7.3 PROPOSED MECHANISM FOR ENv-CLASS II INTERACTION
7.4 FUTURE STUDIES

REFERENCES

xv

286

LIST OF FIGURES
CHAPTER 1- INTRODUCTION
MIHC class I biosynthetic pathway
1.1
1.2
1.3
1.4

MHC class II biosynthetic pathway
Structure of the human immunodeficiency virus
Genomic organisation of the human immunodeficiency virus

CHAPTER 2- MATERIALS AND METHODS
Identification of gpl2O antibodies in patient sera
2.1
Identification of gpl2O in HIV-infected Priess cells by patient sera
2.2

2.4

Immunoprecipitation of class II and invariant chain from Priess cells using
various detergents
Immunoprecipitation of class II and invariant chain from H9 cells using

2.5

various detergents
Immunoprecipitation of class H from control and infected Priess cells using

2.6

NP40 or digitonin
Immunoprecipitation of invariant chain from control and infected Priess cells

2.7

using NP40 or digitonin
Immunoprecipitation of invariant chain from control and infected H9 cells

2.8

using NP40 or digitonin
Comparison of labelling times in Priess and H9 cells for precipitation of class

2.9

II and invariant chain
Comparison of labelling times in macrophages for precipitation of class I, class

2.3

II, or invariant chain
2.10 Comparison of labelling times in CHO-DR cells for precipitation of class II
2.11 HIV-1 env-expression plasmids
2.12 HXB2env
2.13 Control and env-expression plasmids
2.14 pHI VenvCAT proviral expression plasmid
2.15 HIV rev and 3-galactosidase expression plasmids
2.16 Estimation of transfection efficiency of CHO-DR cells using the Lipofectin
method
CHAPTER 3- HIV INFECTION AND CLASS II EXPRESSION
Expression of HIV mRNA in Priess and H9 cells over a time course of
3.1
infection

xvi

3.2

Reverse transcriptase activity in culture supernatants from HIV infected Priess
and H9 cells, and primary macrophages

3.3

Levels of p24 in culture supernatants from HIV infected Priess and H9 cells
and primary macrophages

3.4a Levels of gp 120 in culture supernatants from HJV infected Priess and H9 cells
3.4b Levels of gpl2O in culture supernatants from HIV infected primary
macrophage cultures
3.5
Expression of viral proteins by HIV infected Priess and H9 cells and
macrophages
3.6
3.7
3.8

Single staining flow cytometric analysis of HIV infected Priess cells
Single staining flow cytometric analysis of HIV infected H9 cells
Single staining flow cytometric analysis of HIV infected primary macrophage
cultures

CHAPTER 4 - PULSE CHASE ANALYSES
4.1
Synthesis of MIHC class H in Priess cells over a time course of infection with
HTV
4.2
Synthesis of invariant chain in Priess cells over a time course of infection with
HTV
4.3
Synthesis of MHC class I in Priess cells over a time course of infection with
FIIV
4.4
Synthesis of MIHC class H in H9 cells over a time course of infection with
FIIV
4.5
Synthesis of invariant chain in H9 cells over a time course of infection with
HIV
4.6
Synthesis of MIHC class I in H9 cells over a time course of infection with HIV
4.7
Synthesis of MHC class ii in primary macrophages over a time course of
infection with HIV
4.8
Synthesis of invariant chain in primary macrophages over a time course of
infection with HIV
4.9
Synthesis of MIHC class i in primary macrophages over a time course of
infection with H[V
4.10 Expression of MHC class I and II in primary macrophages over a time course
of infection with HIV
4.11 Endoglycosidase H digestion of MIHC class II synthesised in control and day 8
infected Priess cells

4.12 Endoglycosidase H digestion of invariant chain synthesised in control and day
8 infected Priess cells
4.13 Endoglycosidase H digestion of MHC class II synthesised in control and day 8
infected H9 cells
4.14 Synthesis and SDS stability of MHC class II in Priess cells over a time course
of infection with HIV

CHAPTER 5- ENVTRANSFECTION MODEL
5.1
HIV-1 env-expression plasmids
5.2
Secretion ofgpl2o from env-transfected COS cells
Env expression in COS cells
5.3
5.4
Effect of rev production on gpl20 release from pSRHS- and pEX2transfected COS cells
5.5
Synthesis and processing of HIV env in pSRHS-transfected COS cells
5.6
Secretion ofgpl2o from env-transfected CHO-DR cells
5.7
Single staining flow cytometric analysis of control, pEV3-, and pSRHStransfected CHO-DR cells
5.8
Indirect immunofluorescence staining of control, pEV3-, and pSRHStransfected CHO-DR cells
5.9
Env synthesis by pSRHS-transfected CHO-DR cells
5.10 Env synthesis in pSRHS-transfected CHO-DR cells
5.11 MHC class II synthesis by pSRHS-transfected CHO-DR cells
5.12 Endoglycosidase H analysis of class II molecules in pSRHS-transfected CHODR cells
CHAPTER 6- HIViEN V/ENV COMPLEMENTATION ASSAYS
6.1
Time course of CAT and env expression in p1{[VzenvCAT-transfected COS
cells complemented with pSRHS
6.2
Synthesis and expression of env glycoproteins in COS cells transfected with
pHI VtenvCAT and complemented with pSRRS or pEX2
6.3
Expression of I-IIV proteins and incorporation of gpl2O into virions in pSRHS
+ pHIVenvCAT-transfected COS cells
6.4
Comparison between CAT and env expression in pFllVenvCAT-transfected
COS and CO-DR cells complemented with pSR}IS
6.5
Expression of HIV proteins and incorporation of gp120 into virions in
pHIVenvCAT-transfected CHO-DR cells complemented with pSRHS
6.6
Single staining flow cytometric analysis of pHIVMnvCAT-transfected CR0DR cells complemented with pEV3 or pSRHS

6.7
6.8

Indirect inimunofluorescence staining of pHIVenvCAT-transfected CHODR cells complemented with pEV3 or pSRHS
Comparison of class II synthesis in pHI VenvCAT-transfected CHO-DR cells
complemented with pEV3 or pSRHS

CHAPTER 1- INTRODUCTION
1.1 THE MAJOR HISTOCOMPATIBILITY COMPLEX

1.1.1 Introduction to the AMC
1. 1. 1.1 Discovery of the MIHC
1.1.1.2 T cell receptorfMHC interaction
1.1.1.3 MBC genomic organisation
1.1.2 AMC class I
1.1.2.1 Structure of MIHC class I
1.1.2:2 Generation of peptides for class I binding
1.1.2.3 Assembly of MHC class I
1.1.3 MHC class II
1.1.3.1 Structure ofMIE-IC class H
1.1.3.2 Regulation of WC class H gene expression
1.1.3.3 Generation of peptides for class H binding
1.1.3.4 Assembly and transport of MHC class II
1.1.4 Viral modulation of MIIC-restricted antigen presentation
1.1.4.1 MIHC class I
1.1.4.2M1HC class H
1.2 THE HUMAN IMMUNODEFICIENCY VIRUS
1.2.1 Introduction to HIV

1.2.1.1 Discovery of HIV
1.2.1.2 Natural history of HTV infection
1.2.1.3 Structure of HIIV
1.2.1.4 Cellular tropism of FIIV

I

1.22 Viral life cycle

1.23 Immune response to HIV
1.2.3.1 CD8+T cell responses
12.3.2 CD4+ T cell responses
1.2.3.3 Humoral immunity
1.2.4 Immunosuppression by HW

1.2.4.1 T cell defects
1.2.4.2APC defects
1.2.4.3 Autoimmunity
1.3 OUTLINE OF PROJECT
FIGURES

1.1

MIHC class I biosynthetic pathway

1.2

MHC class H biosynthetic pathway

1.3

Structure of the human immunodeficiency virus

1.4

Genomic organisation of the human immunodeficiency virus

2

1.1 THE MAJOR HISTOCOMPATIBILITY COMPLEX (MBC)
1.1.1 Introduction to the AMC
1.1.1.1

Discovery ofMHCjiinction

Antigen recognition forms the basis of the adaptive immune response. Although the B
and T cell receptors recognise different antigen types, they have related structures and
sequences, consisting of glycoprotein (chain) heterodimers. The T cell receptor
(ICR) is made up of a and

0, or y and 8 chains. The B cell receptor takes the form of

membrane-bound immunoglobulin (Ig) molecules, constructed of two heterodimers of
heavy and light chains. Despite the similarities between the structures of the two
receptor types, these receptors see antigen in very different ways. Immunoglobulins,
both cell-associated and fluid phase generally recognise the tertiary or quaternary
structures of antigenic determinants. In contrast, the TCR recognises linear antigenic
peptides presented in association with the MHC class I or H molecules on the surface
of cells.
The discovery of MI-IC restriction arose from the combination of a number of
different research disciplines. An important factor which made this discovery possible
was the development of inbreeding, enabling genetically identical strains of mice to be
developed. This led to the discovery of the murine MHC (H-2) by Peter Gorer in
1936. Inbred strains of mice were used in the field of tumour research, where it was
observed that tumours could only be transplanted and propagated within the same
mouse strain. The study of blood group antigen inheritance also contributed to M}IC
discovery, when it was noted that the characteristics of blood group rejection were
similar to rejection of tumour transplants. Since their identification, MHC molecules
have been cloned in a large number of species (Klein, 1986).
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For a long time after discovery of MHC molecules, their immunological function was
not clear. In 1974-5 however, Zinkernagel and Doherty demonstrated that cytotoxic
T lymphocytes (CTh) mediated in vitro killing of lymphocytic choriomemngitis
(LCMV)-infected murine cells in an MHC class I-restricted manner (Blanden et al.,
1975; Doherty and Zinkernagel, 1975d; Zinkernagel and Doherty, 1974). In a series
of experiments in 1975, it was shown that class I restriction applied to antiviral cell
effector function in vivo (Doherty and Zinkernagel, 1975b; Gardner et al., 1975), and
that the high polymorphism of the MHC plays a role in antiviral protection (Doherty
and Zinkernagel, 1975c). It was also shown that immunity to intercellular bacteria
was MHC-restricted (Zinkernagel, 1974), and from these experiments, it was
proposed that MHC-restriction formed the basis of immune surveillance and
recognition of 'altered self (Doherty and Zinkernagel, 1975a).
1.1.1.2

TcR-MHC interaction

The TCR is a heterodimer composed of highly polymorphic, disulphide-linked,
immunoglobulin-like a and [3 chains (or y and 6 chains in y6 I cells). It is now known
that the TCR associates with the CD3 protein cluster in the cell membrane, to form
the TCR-CD3 signalling complex. In early antigen presentation studies, the molecular
nature of the TCR-M}IC was not clear. It had not been identified whether there were
two separate receptors, one each for the antigen and MHC molecule, or whether the
TCR was specific for antigen in association with MIHC. Experiments by Dembic et al.
(Dembic et aL, 1986), utilised T cell clones expressing two different antigen
receptors, and demonstrated that individual TCR recognised antigen and MIHC
molecules simultaneously. Identification of the crystal structure of MHC class I
clarified the nature of TCR-MIHC binding further, with the visualisation of peptide
occupying an antigen binding groove on the distal face of the MT-IC molecule
(Bjorkman et al., 1987a; Bjorkman et aL, 1987b). Binding of TCR-CD3 to the MHCpeptide complex leads to tyrosine kinase signalling, and activation of the T cell.
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Factors such as the affinity and stability of the TCR-MHC-peptide complex, and its
spatial orientation, may affect the signalling events which lead to I cell activation
(Ward and Qadri, 1997)
I cells can be divided into two categories, based on their expression of the CD4 or
CD8 accessory molecules, which colocalise with the TCR in the plasma membrane.
CD8+ T cells recognise antigenic peptides presented in association with class I
molecules, whereas CD4+ T cells recognise class IT-restricted antigens. By
functioning as adhesion molecules, CD8 and CD4 increase the avidity of TCR-M}iCpeptide interactions. Secondary signals, provided by binding of co-stimulatory
molecules are also essential for correct activation. Such signals are generated by
binding of B7/CD28; leukocyte function antigen (LFA)-3/CD2; and intercellular
adhesion molecule (ICAM)-l/LFA-1 (Roitt etal., 1993).
1.1.1.3 MHC genomic organisation
The major histocompatibility complex (MIHC) is a collection of closely linked, highly
polymorphic genes on a continuous segment of DNA, situated on chromosome 6 in
humans, and on chromosome 17 in mice. Using anti human MHC antibodies, M}{C
molecules have been described in most vertebrate classes, including birds, reptiles,
amphibians and fish. There is also evidence that even simple organisms, such as
sponges, possess a mechanism for the recognition and rejection of genetically
unrelated cells. The high degree of MHC gene polymorphism allows organisms to
recognise a huge variety of different pathogens, and has arisen due to the production,
accumulation, and conservation of new alleles during the course of species evolution.
Selection pressure exerted by pathogens may play a role in driving MT-IC evolution,
and maintaining polymorphism (Davies, 1997).
The MHC genes are organised into three distinct regions: class I, class H, and class
Ill. The class I genes encode the human leukocyte antigen (HLA)-A, B, and C
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molecules (1.1.2). The class II genes encode the HLA-DR, DP, DQ, DM, and DO
glycoproteins (1.1.3), plus the LMP-2, LA'IP-7, TAP-I, and TAP-2 genes, involved in
the class I-restricted antigen processing and presentation pathway (1.1.2). The class
111 genes encode functionally distinct products associated with immune function,
including components of the complement system, and the cytokines, tumour necrosis
factor (TNF)-a and 3 (Campbell and Trowsdale, 1993; Roitt el al., 1993).
1.1.2 MHC class I
1.1.2.1

Structure of MHC class I

The human class I heavy chain (HC) genes, HLA-A, B, and C, are highly
polymorphic, with multiple co-dominant alleles for each locus. Individuals may coexpress up to 6 different class I molecules. The MHC class I genes are constitutively
expressed in all nucleated cells, although they can be upregulated by proinflammatory
cytokines, such as interferon (IFN)-y and tumour necrosis factor (TNF)-a (Collins ci
al., 1986; Israel ci al., 1989; Johnson and Pober, 1990).
The class I heterodimer is composed of two polypeptide chains (Cresswell et al.,
1973). The heavy chain (HC) is a 45 kDa type I integral membrane glycoprotein,
containing three immunoglobulin-like domains, c, U2, and a3 (Orr ci al., 1979). The
a3 domain is proximal to the membrane, and contains the CD8 binding site (Salter ci

at, 1989). The highly polymorphic al and a2 domains combine to form the peptide
binding groove. This is made up of an eight-stranded antiparallel 3-pleated sheet,
where four 3-strands are derived from al and a2, flanked by a-helical regions from
these domains (Bjorkman ci al., 1987a; Bjorkman ci al., 1987b). The class I HC is
non-covalently associated with the 32-microgiobulin (2-M) light chain, which also
lies proximal to the plasma membrane (Grey etal., 1973; Peterson ci al., 1974). 2-M
contacts all three a domains of the HC, stabilising the class I structure (Bjorkman ci
al., 1987b).

n.

1.1.2.2

Generation ofpeptides for class I-restricted antigen presentation

In general, MI.HC class I molecules present endogenous peptide antigens, derived from
cytosolic proteins, to CD8+ cytotoxic T lymphocytes. Self peptides do not generally
initiate an immune response, however when the class I-associated peptide repertoire
changes, due to viral infection, genetic mutation, or cellular transformation, CD8+ T
cell-mediated immune responses are initiated (Heemels and Ploegh, 1995). Class I
molecules may also regulate the cytotoxic activity of natural killer (NK) cells, part of
the innate immune system, and the first line of defence against tumours and viruses. It
is thought that binding of class Ito the Ly49 receptor expressed by NK cells transmits
an inhibitory signal to these cells, preventing cell killing. Both virally infected cells and
tumour cells express reduced levels of class I, lowering the inhibitory signal, and
leading to NK-mediated cytotoxicity (Roitt etal., 1993).
The main site of cytosolic protein degradation is the proteasome (Arrigo et al., 1988).
The 20S proteasome is a large cylindrical structure made up of two outer rings of
seven different a subunits, flanking two inner rings of seven different
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subunits,

containing the proteolytic active sites (Lowe et al., 1995). The 20S proteasome forms
the proteolytic core of the larger, 26S proteasome, thought to be responsible for
ATP-dependent degradation of ubiquitin-linked cytosolic proteins (Goldberg and
Rock, 1992; Matthews et al., 1989), although the exact role of ubiquitin in generating
antigenic peptides for class I binding is still unclear (Koopman et al., 1997).
Two genes in the class II region of the MI-IC encode 13-subunit-like proteins, the low
molecular mass polypeptides (LMP)-2 and -7, upregulated by interferon (WN)-y
(Brown et al., 1991; Glynne et al., 1991; Kelly et al., 1991a Martinez and Monaco,
1991; Ortiz-Navarrete et al., 1991). These proteins replace the 13 subunits in the 20S
proteasome, promoting the generation of class I-restricted antigenic peptides (Driscoll
et al., 1993; Gaczynska et al., 1993). These peptides are generally 5-15 amino acids
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long (Kuckelkorn et al., 1995; Wenzel et al., 1994), and have hydrophobic or basic
carboxy termini, matching MIHC class I binding requirements (Driscoll ci al., 1993;
Gaczynska etal., 1993).
Antigenic peptides are conveyed to the site of the transporter associated with antigen
processing (TAP), possibly in association with cytosolic heat shock proteins (hsp)
such as hsp70 (Srivastava ci al., 1994). TAP belongs to the ATP-binding cassette
(ABC) transporter family (Trowsdale ci al., 1990), and transports cytosolic peptides
across the ER membrane into the lumen, where they bind MIHC class I molecules. Cell
lines lacking the TAP] and TAP2 genes (1.1.1.2) have a deficit of antigenic peptides
in the ER and show inefficient class I assembly (Cerundolo ci al., 1990; Deverson ci
al., 1990; Ljunggren el al., 1990; Monaco etal., 1990; Spies etal., 1990; Townsend
ci al., 1989; Trowsdale el al., 1990).
The TAP] and TAP2 gene products form heterodimers (Kelly et al., 1992; Spies et
al., 1992), situated in the ER and cis-Golgi (Kleijmeer ci al., 1992). Expression of
both TAPI and TAP2 segments is necessary for efficient class I-restricted antigen
presentation (Attaya ci al., 1992; de la Salle et al., 1994; Powis ci al., 1991; Spies
and DeMars, 1991). Polar residues in each of the TAP proteins form a hydrophilic
pore, through which peptides are transported (Heemels and Ploegh, 1995). The
peptide binding site is formed from both TAPI and TAP2 subunits (Androlewicz and
Cresswell, 1994). TAP preferentially translocates peptides of between 8 and 12
residues (Androlewicz and Cresswell, 1994; Koopman etal., 1996), with hydrophobic
and basic carboxy termini (Momburg etal., 1994), optimal for class I binding. Peptide
binding to TAP is ATP-independent (Androlewicz and Cresswell, 1994), however
transport of peptides into the ER requires ATP hydrolysis (Androlewicz ci al., 1993;
NeefjeseiaL, 1993; Shepherd etal., 1993).

1.1.2.3 Assembly of MHC class I
The biosynthetic pathway of MIHC class I is shown on figure 1.1. Individual class I
heavy chains and f32-M molecules are synthesised in the rough endoplasmic reticulum
(RER), and are cotranslationally translocated into the ER (York and Rock, 1996).
Once in the ER, newly synthesised class I HC associate rapidly with ER-resident
chaperone proteins such as the immunoglobulin binding protein (BiP), or calnexin
(David et al., 1993; Degen and Williams, 1991). This protects the HC from
intracellular degradation (Jackson et al., 1994), although chaperones may also retain
misfolded HC in the ER (Hughes et al., 1997). In human cells, association of class I
HC and calnexin takes place before binding of 132-M, although this is not the case in
murine cells (Nöf3ner and Parham, 1995). Retention of newly synthesised HC in the
ER prevents expression of immature class I molecules on the cell surface which could
bind free antigenic peptides, and lead to the inappropriate destruction of normal cells
(Jackson et al., 1994).
Calnexin dissociation from class I promotes, or is promoted by HC binding to the 2 M light chain (NOt3ner and Parham, 1995; Ortmann et al., 1994). Peptide-free HCI32M dimers associate with a second ER-resident chaperone protein, caireticulin
(Sadasavan et al., 1996). 32-M is essential for this interaction, as class 1-caireticulin
complexes are not seen in 32-M negative cell lines (Sadasavan et al., 1996).
Caireticulin-class I complexes then bind the TAP heterodimer. This association is
mediated by tapasin, an MHC-linked, ER-resident type 1 membrane glycoprotein
(Grandea ifi et al., 1995; Ortmann et al., 1994; Ortmann et al., 1997; Sadasavan et
al., 1996; Suh et al., 1994). The ratio of tapasin:class I binding is approximately 1:1,
whilst the ratio of tapasin-class I:TAP is approximately 4:1 (Ortmann et al., 1997).
Tapasin may facilitate peptide binding by bringing class I molecules into close
proximity with TAP-translocated peptides. Alternatively, tapasin binding may stabilise
empty class I molecules until peptide loading takes place (Ortmann

et al.,

Figure 1.1

MHC class I biosynthetic pathway
Newly synthesised class I heavy chains associate with the calnexin chaperone. This dissociates, and
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microglobulin binds, along with another chaperone protein, caireticulin. This complex binds tapasin, then the
class 1-caireticulin-tapasin complex associates with the TAP 1 chain of the transporter associated with antigen
processing (TAP). Polypeptide chains are degraded by the proteasome to form small antigenic peptides.
These are translocated into the endoplasmic reticulum by TAP and bind to class I molecules. The mature,
peptide-bound class I molecules dissociate from caireticulin, tapasin, and TAP and are transported to the cell
surface.

PLASMA
EMBRANE

Proteasome

Er I)(JPLASMlC
I L'I'I(.2tJIIJI'I

tAt' 2

i

fl

Polypeptide
Chain

2 -MicrogIobulin

TAP I

ROM
UUUUV
00

I

ri

I

•\
4

Antigenic
Peptides

I

Tapasm

Caireticulin Calnexin

Class!
Heavy Chain

1994). Once newly synthesised class I has bound antigenic peptides, the mature
molecules dissociate from the TAP complex, are released from the ER, transported
through the secretory pathway, and expressed at the cell surface (Grandea UT et al.,
1995; Ortmann etal., 1994; Suh etal., 1994).
1.1.3 AMC class II
1.1.3.1

Structure of MHC class II

The class H molecule is a heterodimer of a and 13 type I integral membrane
glycoproteins (Stern and Wiley, 1992), with a tertiary structure similar to that of the
class I molecule. The al and a2 domains of class H correspond to the al domain of
the class I heavy chain, and

132-M

respectively. The class H

0 1 and

02 domains

correspond to the class I a2 and OC3 domains respectively (Brown et al., 1993b). The

13 2

domain contains the CD4 binding site (Cammarota et al., 1992). The peptide

binding site consists of eight strands of anti-parallel 13-pleated sheet, four strands
derived from the al and

01 domains. The binding groove is flanked by anti-parallel a

helices (Brown etal., 1993b). Differences at the end of the class IT groove means that
it has a more open structure than class I. As a result, class 11-restricted peptides are
approximately 15 residues long, compared to 8 or 9 residue class I-restricted peptides
(Brown etal., 1993b; Chicz etal., 1992). Polymorphic regions along the length of the
peptide binding groove determine the peptide binding specificity of individual class II
molecules (Brown et al., 1993b; Rudensky et al., 1992; Wu and Gorski, 1997). The
crystal structures of various HLA-DR alleles bound to antigenic peptides have been
identified (Dessen et al., 1997; Freemont et al., 1996; Stern et al., 1994).
1.1.3.2 Regulation ofMHC class II gene expression
The class 11-encoded (1.1.1.2) genes are expressed constitutively in professional
antigen presenting cells (APC), such as B cells, monocytes, macrophages and
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dendritic cells, and can be induced in other non-professional APC, such as activated T
cells. Regulation of class H genes occurs via a conserved promoter region, found
upstream of the DR, DP, and DQ alleles, as well as the HLA-DM (Kern ci al., 1996)
and invariant chain (Ii) genes (Brown et al., 1993a). The class H promoter region is
activated by constitutively expressed DNA binding proteins (Hasegawa and Boss,
1991; Reith et al., 1988; Sinha et al., 1995). The class II promoter-DNA binding
protein complex then recruits the class H transactivator (CIITA) protein, which is
essential for class II transcription to occur (Chang et al., 1996; Yuri et al., 1997).
CIITA gene expression, and therefore class H is induced by IFN-y (Steimle et al.,
1994), although this effect is down regulated by WN-13 (Lu et al., 1995) and
transforming growth factor (TGF)- (Reimold et al., 1993). Class II expression is
also upregulated by interleukin (IL)-4 and [L-13 (de Waal Malefjt et al., 1993).
1.1.3.3

Generation ofpeptides for class II binding

In contrast to class I, class II molecules primarily present exogenously-derived
antigenic peptides to CD4 T cells. A number of mechanisms exist to allow the
uptake of exogenous antigens by cells, although these depend greatly on the nature of
the antigen, and the cell type under investigation. Mechanisms include receptor
mediated endocytosis, fluid phase endocytosis (pinocytosis) and phaocytosis.
Immature dendntic cells are highly efficient at pinocytosis (Sallusto ci al., 1995),
whilst the antigen receptor on B cells contributes to receptor mediated endocytosis.
Antigens are internalised into the endocytic pathway, for proteolytic degradation.
Inside endosomes, antigens are degraded by proteolytic enzymes to form class 11restricted peptides. A number of proteolytic enzymes have been identified. These
include aspartate proteases, such as cathepsins D and E; and cysteine proteases such
as cathepsins B, H, L, and S, which cleave proteins at aspartate and cysteine residues
respectively. Enzymes are also classified as endopeptidases - cathepsins D, E, L, and
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S; or exopeptidases - cathepsins B and H, which act on the carboxy- and aminoterminal regions of protein antigens (Watts, 1997).
1.1.3.4 Assembly of class II
The biosynthetic pathway of class H is shown on figure 1.2. Class H a and

P

chains

are cotranslationally translocated into the ER (Kvist ci al., 1982), where they combine
to form heterodimers (Stern and Wiley, 1992). Immature ao heterodimers associate
with calnexm, preventing aggregation and degradation in the ER (Anderson and
Cresswell, 1994). At the same time, the invariant chain (Ii) is inserted into the ER
membrane. Ii is a non-polymorphic, non-MHC-encoded type II integral
transmembrane protein. In humans, four different isoforms of Ii exist: p13, p35, p41,
and p43, which arise from alternative splicing and translation initiation of the Ii
transcript (Koch ci al., 1987; McKnight et al., 1989; O'Sullivan ci al., 1987; Strubin
ci al., 1986). In mice and rats, only the p33 and p41 isoforms are present. Class II
molecules synthesised in cells lacking Ii do not fold correctly in the ER, show
abnormal transport and glycosylation patterns (Bikoff ci al., 1993; Schaiff et al.,
1992; Viville ci al., 1993), and are often not competent to bind and present antigenic
peptides in the ER (Busch et al., 1995; Hitzel ci al., 1995). This may be due to
aggregation of empty class H a3 dimers, or their prolonged association with ER
chaperone proteins (Busch et al., 1995).
Newly synthesised Ii molecules rapidly form heterotrimers in the ER membrane
(Bertolino ci al., 1995; Park ci al., 1995). The Ii trimer forms a template for a
nonameric structure consisting of three li molecules associated with three class II ai
heterodimers (Roche et al., 1991). The p35 and p41 isoforms of li contain an ER
retention signal (Bakke and Dobberstein, 1990; Lotteau ci al., 1990), which retains
class II!Ii complexes in the ER until the nonameric conformation is reached
(Anderson and Miller, 1992; Marks et al., 1995a; Sadegh-Nasseri ci al., 1994).
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Figure 1.2

MHC class II biosynthetic pathway
Newly synthesised class II a and

P chains associate to form heterodimers. These are stabilised by binding to

the calnexin chaperone protein. The invariant chain forms heterodimers in the endoplasmic reticulum (only I
molecule is shown here for clarity), which then associate with three

c4 heterodimers to form a nonamer. This

complex is transported through the Golgi apparatus and routed to the MHC class 11-containing compartment
(M1IC), which intersects the endocytic pathway. Here, the invariant chain is degraded, leaving only the class
11-associated invariant chain peptide (CLIP) in the class II peptide-binding groove. HLA-DM associates with
class II/CLIP complexes, catalyses CLIP release, and facilitates antigenic peptide binding. Foreign antigens
are internalised by cells and degraded in endosomes by proteolytic enzymes. Antigenic peptides are generated,
and these are routed to the MIIC. Peptide bound class II molecules are then transported to the cell surface for
binding to CD4+ T cells. The route for transport is not known, but is thought to involve vesicular transport
from the IvILIC, or exocytosis and fusion of the MIIC with the plasma membrane.
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In humans, li associates with class II af3 heterodiiners via the class IT-associated
invariant chain peptide (CLIP, residues 81-104) (Freisewinkel et al., 1993; Riberdy et
al., 1992). CLIP interacts with the class H molecule via the antigenic peptide binding
groove (Gautam et al., 1997; Ghosh ci al., 1995), and contains supermotifs which
allow binding to a range of different class II alleles (Maicherek ci al., 1995). CLIP
preserves the functional dichotomy of the class I and H restricted antigen presentation
pathways, by preventing association of c43 dimers with self antigenic peptides in the
ER (Adams and Humphreys, 1995; Bijlmakers ci al., 1994; Demotz ci al., 1994; Dodi
et al., 1994; Hitzel and Koch, 1996; Newcomb and Cresswell, 1993; Roche and
Cresswell, 1990; Romagnoli and Germain, 1994). Exceptions to this rule do occur
however - class H restricted presentation has been reported for a number of different
endogenously derived viral (1.2.3.2) and cellular antigens, including hen egg lysozyme
and myelin basic protein (Bodiner etal., 1994; Brooks and McCluskey, 1993).
Newly formed class H c43/Ii nonamers are transported out of the ER and through the
trans-Golgi network (TGN). Release of class II a13/Ii nonamers depends on the
cancellation of the ER retention signal, possibly brought about by limited proteolytic
processing of Ii in the ER, or by conformational changes resulting from
oligomerisation (Arneson and Miller, 1995; Lamb and Cresswell, 1992). In the TGN
class I and H molecules are sorted for transport to the cell surface, or to the endocytic
pathway respectively (Cresswell, 1985; Davidson et al., 1991; Neefjes et al., 1990;
Nijenhuis et al., 1994; Peters ci al., 1991). Class H-li complexes which are expressed
on the cell surface are rapidly internalised into the endosomes (Bénaroch etal., 1995;
Pinet ci al., 1995). Intracellular targeting of class H by Ii is mediated by dileucinebased endosomal localisation signals present in the cytoplasmic tails of all Ii isoforms
(Bakke and Dobberstein, 1990; Lotteau et al., 1990; Odonzzi ci al., 1994). A region
in the class H 3 chain may also have a role in targeting class II to the endocytic
pathway (Chervonsky ci al., 1994).
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Class H molecules are transported to late endosomaLflysosomal compartments,
positive for lysosome-associated membrane protein (LAMP).-1, CD63, and cathepsm
D (Calafat et al., 1994; Geuze, 1994; Guagliardi et al., 1990; Harding and Geuze,
1992; Harding ci al., 1990; Neefjes ci al., 1990; Peters et al., 1991; Pieters et al.,
1991; Qui ci al., 1994; TuIp et al., 1994). These are termed the MHC class Hcontaining compartments (vfflC). Newly synthesised class H molecules enter the
endocytic pathway via early MITCs, then traffic to late MJICs (Castellino and
Germain, 1995; Peters ci al., 1995). Class H- and cathepsin D-positive vesicles have
been observed budding from the TGN and fusing with early MITC/endosomes
(Glickman ci al., 1996). Based on earlier studies (Calafat et al., 1994; Geu.ze, 1994;
Kleijmeer etal., 1994; Kleijmeer ci al., 1995; Peters ci al., 1995; West etal., 1994),
Kleijmeer ci al. identified four types of MIHC-like compartment (Kleijmeer et al.,
1997): early; multivesicular (MV); multivesicular/multilaminar (MV/ML); and late,
ML-MTIC, representing late endosomes to lysosomes. These compartments contain
progressively less Ii, and more peptide-bound class H (Guagliardi et al., 1990).
Once inside the MIEIC, the carboxy-terminal portion of Ii is gradually degraded by
endosomal cysteine proteases such as cathepsins B, L, and S (Nakagawa ci al., 1998;
Pieters ci al., 1991; Riese ci al., 1996; Roche and Cresswell, 1991). This is essential
for efficient antigenic peptide loading of class H heterodimers (Demotz ci at, 1994).
Under normal circumstances, II cleavage results in the formation of class H-CLIP
complexes. CLIP-class H dissociation rates vary between class H alleles. It has been
reported that the CLIP peptide can dissociate rapidly from DRI and DR3 molecules
in vitro (Kropshofer ci al., 1995), although in general, CLIP release may take from

20-48 hours. In vivo, release of CLIP and peptide loading of class H molecules occurs
within approximately 2 hours of synthesis (Neefjes and Ploegh. 1992). This is due to
the action of an additional accessory molecule, HLA-DM.

16

The DMA and DMB genes are encoded in the class II region of the M}IC (Kelly et
al., 1991b), and are highly conserved between humans and mice (Cho ci al., 1991).
They were originally thought to be the only accessory genes encoded within the class
II locus which are essential for class H-restricted antigen presentation (Ceman ci al.,
1995). The DM genes encode a and

P glycoprotein chains, which form a class H-like

heterodimer, HLA-DM (Kelly et al., 1991b; Sanderson et al., 1994). Newly
synthesised DM molecules are targeted to MIICs by tyrosine-based localisation
signals present in the 3 chain cytoplasmic tail (Lindstedt ci al., 1995; Marks ci al.,
1995b; Nijman etal., 1995; Pierre etal., 1996; Sanderson etal., 1994).
DM-negative cell lines express class 11-CLIP complexes on the cell surface, and in
distended endosomal compartments (Riberdy et al., 1994; Riberdy el al., 1992).
These class H molecules are not recognised by conformation dependent antibodies,
and do not present antigenic peptides to CD4 T cells (Fling et al., 1994; Mellins ci
al., 1990; Morris et al., 1994). It was proposed that DM facilitates the release of
CLIP, and enhances peptide binding to class II molecules (Denzin and Cresswell,
1995; Fung-Leung ci al., 1996; Sherman ci al., 1995; Sloan et al., 1995). Variations
in DM dependence reflect differences in CLIP binding affinity between class II alleles
(Kropshofer etal., 1995; Ramachandra ci al., 1996; Stebbins et al., 1995).
DM binds DR-CLIP, via the DR a2 domain (Mellins et al., 1994; Sanderson et al.,
1996; Sloan et al., 1995), forming an intermediate DM-DR-CLIP complex. This
association is enhanced by the low pH conditions of the endosomal compartments
(Denzin and Cresswell, 1995; Sherman ci al., 1995; Sloan et al., 1995). Originally, it
was proposed that DM acted as a CLIP acceptor, by binding CLIP directly (Kelly et
al., 1991b; Monji et al., 1994; Stebbins et aL, 1995). It is now thought that DM acts
as a catalyst for CLIP release, with one DM molecule acting on several DR molecules
(Kropshofer et al., 1997; Vogt ci al., 1996). After catalysing CLIP release, DM
remains bound to DR, preventing aggregation and degradation of empty a
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heterodimers (Denzin et al., 1996), and catalyses the binding of antigenic peptides
class H. DM may act as a peptide editor, allowing replacement of peptides with a low
binding affinity for those with a high affinity (Kropshofer et al., 1996; Sloan et al.,
1995; Weber et al., 1996). The mature class H molecules no longer form a substrate
for DM, and are released (Vogt etal., 1996).
An additional accessory molecule, HLA-DO may have a role in regulating the peptide
editing function of DM. In humans, DO is encoded by the class II DNA and DOB
genes (Servenius et al., 1987; Tonelle et aL, 1985; Trowsdale and Kelly, 1985). The
DO c43 heterodimer is a non-classical, non-polymorphic class II molecule, present in
B cells and thymic epithelium. DO molecules are not expressed on the cell surface,
but are transported to the endocytic pathway in association with DM (Denzn et al.,
1997; Liljedahl etal., 1996). In the absence of DM. DO is located primarily in the ER
(Liljedahl et al., 1996). DO down-regulates DM function, leading to a reduction in
CLIP release and peptide loading (Denzin et al., 1997). Constitutive expression of
DO may suppress class II-restricted presentation of self peptides by resting B cells
(Denzin el al., 1997). When B cells are activated by WN-y, class H and DM
expression is upregulated, whilst DO levels remain constant, resulting in increased
antigen presentation. Non-professional APC do not express DO, therefore when they
are stimulated to express class II, there is maximal antigen presentation, without
negative regulation by DO (Denzin etal., 1997).
After peptide binding, mature class 11-peptide complexes are transported to the cell
surface for presentation to CD4+ T cells. Using time course confocal microscopy, it
was shown that green fluorescent protein (GFP)-tagged class II molecules were
transported in acidic, M1HC-like vesicles from lysosomal compartments directly to the
cell membrane (Wubbolts et al., 1996). These vesicles fused with the plasma
membrane, however it was not clear if the internal membrane structure was
incorporated into the plasma membrane. Release of class II-positive vesicles has also
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been observed in macrophages infected with Listeria monocytogenes (Harding and
Geuze, 1992). More recently, a study by Pond and Watts indicated that vesicular
transport of class II molecules from the MIIC was an important pathway for
expression of peptide-bound class H molecules on the cell surface (Pond and Watts,
1997).
Multivesicular MIIIC have also been shown to fuse directly with the plasma membrane
(R.aposo et at., 1996), releasing MILIC-derived, class II containing vesicles (exosomes)
into the extracellular milieu. The class II expressed on the surface of these exosomes
was in a conformationally mature, peptide-bound state, and was able to elicit specific
T cell responses, although this not thought to be a major mechanism for transport of
mature class H molecules from MIICs to the plasma membrane (Raposo etal., 1996).
Class H molecules may reach the cell surface directly from each of the MJIC types
(Kleijmeer et al., 1997). Transport studies have not provided detailed morphological
information regarding transport of class H from individual compartments (Pond and
Watts, 1997; Wubbolts et al., 1996), although the exocytosis study would tend to
indicate involvement of MV.-MITC (Raposo et al., 1996).
1.1.4 Viral modulation of antigen presentation
1.1.4.1

MHC class I

Class I-restricted antigen presentation is the major route for presentation of viral
antigens, leading to the destruction of virally infected cells. For this reason, viruses
which can evade class I may have a selective advantage. Virally encoded factors affect
all stages of the class I biosynthetic pathway. Proteasomal processing of viral proteins
is inhibited by the pp65 phosphoprotein of human cytomegalovirus (HCMV), and the
Epstein-Barr virus nuclear antigen (EBNA)- 1 protein, preventing generation of T cell
epitopes (Gilbert ci al., 1996; Levitskaya et al., 1997). Vu-uses can also prevent
transport of viral peptides into the lumen of the ER, by inhibiting the TAP transporter.
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The 9 kDa 1CP47 protein of herpes simplex virus (11-ISV), and the US6 protein of
HCMV bind TAP, inhibiting peptide transport (FrUh et al., 1995; Hengel et al., 1997;
Hill et al., 1995; Lehner et al., 1997). Using an alternative strategy, adenoviruses
reduce translation of the class I and TAP genes, by inhibiting processing of NF-KB
(Shemesh and Ehrlich, 1993).
Alternatively, viruses can interact with class I molecules directly. The US2 and US]]
gene products of HCMV dislocate class I molecules out of the ER into the cytosol,
where they are degraded (Jones et al., 1995; Wiertz et al., 1996). In contrast,
adenoviruses encode a 19 kDa type 1 membrane glycoprotein which retains class I in
the ER (Andersson et al., 1985; Burgert and Kvist, 1985). This mechanism is also
employed by the US3 gene product of HCMV (Hengel et al., 1997), whilst murine
cytomegalovirus (MCMV) retains class I in the cis-Golgi via a 40 kDa glycoprotein
(Ziegler ci al., 1997).
Viruses can also disrupt class I-restricted antigen presentation at the cell surface. The
MCMV gp34 glycoprotein forms a complex with mature surface class I in the ER.
This complex is transported normally to the cell surface, where gp34 may interfere
with TCR binding and CTh killing (Kleijnen ci al., 1997). The m144 and UL18 gene
products of MCMV and HCMV respectively are class I homologues, which act as
decoys, and prevent recognition by natural killer (NK) cells (Chapman and Bjorkman,
1998; Farrell et al., 1997; Reyburn ci al., 1997). Human immunodeficiency virus
(HIV)-specific immunomodulation is outlined in section 4.1.
1.1.4.2

MI-IC class II

Class H molecules generally present exogenous antigens internalised by antigen
presenting cells, including viral proteins released from infected cells into the fluid
phase. Viral inhibition of class [I may occur indirectly via cytokine modulation
(Ploegh, 1998). The BCRFI protein of Epstein-Barr virus (EBV) encodes a
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homologue of interleukin (IL)-10 (Zdanov et al, 1997). Host, and EBV IL-10 are
thought to inhibit transport of mature class II molecules from the M1IC to the cell
surface (Koppelman et al., 1997). Indirectly. IL-10 down regulates EL-12-mediated
IFN-y production, inhibiting CIITA-mediated upregulation of class H gene expression
(1.1.3.2). The HCMV IE or E genes also inhibit CIITA activation, by reducing levels
of specific kinases in the IFN-y signalling pathway (Miller et al., 1998).
Mechanisms also exist for the direct inhibition of class II function. The BZLF2 ORF
protein of EBV binds the HLA-DR

0

chain in the region of the peptide binding

groove, blocking class H-restricted antigen presentation (Spriggs et aL, 1996). In
contrast, the KOS strain of HSV-1 retains class II molecules within intracellular or
intranuclear compartments (Lewandowski et al., 1993). The bovine papilloma virus
(BPV) may also modulate the intracellular localisation of class II, via the E6 protein.
E6 interacts with components of adaptor complex (AP)-1 (Tong et al., 1998), which
mediates localisation of antigens and host proteins to intracellular compartments.
BPV also encodes an oncoprotein, E5 which affects acidification of endosomal
compartments (Andresson et al., 1995), disrupting li proteolysis, and antigenic
peptide generation. Defects in processing of different peptide epitopes have also been
reported in influenza- and vaccinia-infected B cells (Domanico and Pierce, 1992).
Viral infection does not always lead to down-regulation of class 11-restricted antigen
presentation. The X gene of the hepatitis B virus (H1BV) acts as a transcriptional
transactivator of the liLA-DR promoter, leading to induction of class H expression
on hepatoma cells (Hu et al., 1990). By acting as non-professional APC, the
hepatoma cells may induce anergy in the responding I cell population, allowing HBV
to escape the immune response. Specific viral peptides have also been shown to
upregulate class H expression at the level of transcription on CD4+ T cells (Thomas
etal., 1996), although it was not clear how important this is in vivo.
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1.2 TIlE HUMAN IMMUNODEFICIENCY VIRUS

1.2.1 Introduction to HIV
1.2.1.1

Identification of HIT"

In the early 1980s, a novel spectrum of rare diseases associated with possible
immunodeficiency was described, primarily in homosexual men. The symptoms were
varied, and included lymphadenopathy, lymphopenia, Kaposi's sarcoma, and
susceptibility to opportunistic infections, such as Pneumocystis carinii pneumonia. In
1981, this disease was termed acquired immunodeficiency syndrome (AIDS) (Gottlieb
el al., 1981; Masur et al., 1981; Siegal et al., 1981). Initial observations suggested
that the disease was transmitted by an infectious agent present in the blood of AIDS
patients (Centres for Disease Control, 1982). In 1983 a reverse transcriptasecontaining virus was independently isolated from lymph nodes (Barré-Sinoussi et aL,
1983), and peripheral blood (Gallo et al., 1983) of pre-AIDS and AIDS patients, and
was termed lymphadenopathy-associated virus (LAy), or human T-cell leukaemia
virus (HTLV)-Ill, respectively (Gallo et al., 1984; Popovic et al., 1984). This
retrovirus was named the human immunodeficiency virus (HIV), in 1986 (Coffin et
al., 1986).
There are two sub-classes of HIV, HIV-1 and HIV-2. HTV-2 was identified in West
African patients with AIDS-like diseases (Clavel et al., 1986; Clavel et al., 1987).
Antibodies isolated from these patients did not react with the classic HIV-1 strain,
and it was shown that I-IIV-2 is more closely related to simian immunodeficiency virus
(SW). HIV-2 may therefore represent the route of cross-species transmission (Marx
et al., 1991). HIV-2 has remained localised to the West African population, whilst
HIV-1 has spread throughout the world. The exact origins of HIV are not known,
although viral sequences, isolated from an HIV-1 seropositive African plasma sample
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taken in 1959, suggest that HIV-1 may have evolved from a single introduction into
the African population at this time (Zhu et al., 1998)
1.2.1.2

Natural history of HJV infection

HIV disease can be divided into three general stages: primary infection, clinical
latency, and AIDS (Pantaleo et al., 1993b). Primary disease occurs 2-4 weeks alter
infection, and is characterised by mononucleosis-like symptoms, including fever,
pharyngitis, headache, lymphadenopathy, myalgia, anorexia, nausea, vomiting, and
diarrhoea. There may also be a skin rash, characteristic of HIV infection (Tindall and
Cooper, 1991). At this point there is a fall in the number of circulating CD4+ I cells
(McMichael and Phillips, 1997) which, if severe, may lead to some degree of
immunocompromise (Tindall et al., 1989). Serological markers of primary HIV
infection are: p24 antigenaemia within days of infection; anti-HIV 1gM response
within days of infection; and anti-HIV IgG response weeks to months after infection.
In general, the primary infection is resolved within 1-2 weeks (Tindall and Cooper,
1991), and the disease progresses into a clinically latent phase. The median duration
of latency is approximately 10 years, although this varies greatly between individuals.
Rapid progression has been linked to primary infection lasting longer than 2 weeks,
and with immunogenetic factors, such as the HLA background of the individual
(Tindall and Cooper, 1991). During clinical latency, the levels of circulating }{IVspecific CU are relatively high (Selin and Welsh, 1994), correlating with persistent
viraemia. It has been shown that, although the actual number of infected cells in the
peripheral blood is low, there are high levels of viral replication and infection within
the lymphoid tissues (Embretson et al., 1993; Pantaleo etal., 1993a).
Throughout the clinically latent phase, the number and function of circulating CD4+ I
cells declines gradually. During this time, the ability to mount memory, and then
primary immune responses is lost. This leads to severe immunodeficiency, and an
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inability to mount an immune response against opportunistic pathogens. At this point
the disease state progresses to AIDS. Characteristic opportunistic infections
associated with AIDS include: Pneumocystis cannEl pneumonia; Candida albicans;
Mycobacterium tuberculosis; Toxoplasma gondli; cytomegalovirus; and herpes
simplex (Levy, 1993).
1.2.1.3

Structure of HIV

HIV is a lentivirus belonging to the Retrovinidae family of RNA-containing viruses.
Lentiviruses are characterised by horizontal transmission, long incubation periods, and
chronic progressive phases. Other mammalian lentiviruses include the simian, feline,
and bovine immunodeficiency viruses; HTLV-1 and H (Varmus, 1988); and the sheep
maedi-visna virus, which has provided a great deal of information about the properties
of mammalian lentiviruses (Haase, 1986). The basic structure of HIV-1 is shown on
figure 1.3. The virus is encapsulated by a host-derived lipid membrane envelope,
containing 72 envelope glycoprotein complexes. The gp120 surface domain is noncovalently bound to the gp4l transmembrane domain.
Inside the envelope, the gag proteins form the viral infrastructure. There are at least
four gag proteins, formed from proteolytic degradation of the 55 kDa gag precursor
(pr559(2). Adjacent to the lipid membrane are the p17 gag matrix proteins. This
matrix surrounds the p24 gag capsid proteins, which form the characteristic conical
core of HIV. The p24 core contains two copies of the 10 kb single-stranded RNA
viral genome. These strands are complexed with the p7 gag nucleocapsid proteins.
Also contained within the p24 capsid are the viral protease, reverse transcriptase
(RT), and integrase enzymes, and viral accessory proteins. These include nef, viral
protein R (vpr), and viral infectivity factor (vif) (Gelderblom, 1991; Levy, 1993).
Inclusion of viral enzymes and accessory proteins into the virion is necessary for virus
maturation and infection.
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Figure 1.3

The Human Immunodeficiency Virus
Diagrammatic representation of the HIV- 1 virus particle.
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1.2.1.4

Cellular tropism of HI V

HIV-1 was first isolated from, and cultured in T lymphocytes (Gallo et al., 1984;
Hoxie et al., 1985; Popovic et al., 1984; Zagury et al., 1986). The CD4 accessory
molecule present on T cells was found to be essential for infection with HIV
(Dalgleish et al., 1984). Monocytes and M4) express CD4 and are infectable both in
vitro and in vivo (Gartner et al., 1986; Ho et al., 1986; Koenig et al, 1986), as are
cells of the dendritic cell (DC) lineage, such as Langerhan's cells (Patterson and
Knight, 1987; Tschachler et al., 1987). It was shown that binding of the gpl20
envelope glycoprotein to C134 was necessary for infection (Daigleish et al., 1984;
McDougal et al., 1986), however it became apparent that there was some other factor
which affected virus binding and entry, as certain viral strains showed tropism either
for I cells, or for cells of the monocytefM lineage (Gartner et al., 1986).
M4-tropic and T cell tropic viral isolates show very distinct biological properties, and
can be classified loosely by in vitro properties, although these classifications are not
definitive. M4-tropic strains have a slow replication rate, are non-cvtopathic, and do
not induce formation of CD4+ T cell syncytia in culture (non-syncytium-inducing,
NSI). In contrast, I cell tropic viruses are high-replicating, cytopathic to I cells, and
are syncytium-inducing (SI) (Mosier and Sieburg, 1994; Schuitemaker et al., 1992;
Tersmette et al., 1988). M4)-tropic strains are important in establishing primary
infection (Soto-Ramirez et al., 1996; Zhu et al., 1993), as they are generally more
readily transmitted during sexual contact. The first targets for transmission are the
Langerhan's cells of the skin, rectal and vaginal mucosa (Cameron et al., 1996;
Frankel et al., 1996).
Infected M4 and dendritic cells also constitute a large intracellular reservoir of HIV
(Embretson et al., 1993). Viral strains which preferentially infect Md) and DC, but
which also infect primary T cell cultures, can be found within individuals throughout
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infection (Tanaka et al., 1997), and are important in the early transmission of virus to
CD4+ T cells present in the skin or lymphoid tissue (Ayehunie et al., 1995; Pope et
al., 1994). T cell tropic strains appear later in infection, and become dominant as

disease progresses. Switching from NSI to SI variants is thought to be linked to
CD4+ depletion and progression to AIDS (Connor and Ho, 1994; Connor et al.,
1993; Nielsen et al., 1993; Schuitemaker et al., 1992; Tersmette ci al., 1988;
Tersmette ci al., 1989).
A number of different surface membrane proteins were proposed as the HTV
coreceptor responsible for cellular tropism of individual viral strains, including
intercellular adhesion molecule (ICAM)-3 (Sommerfelt and

Asjö,

1995), and

leukocyte flinction antigen (LFA)-1 (Hildreth and Orentas, 1989). It must also be
noted that HIV has a tropism for class IT-positive cells, preferentially infecting CD4+
APC and activated T cells, which express class H (Giorgi et al., 1987; Mosmann,
1994; Zaunders et al., 1995). This may be an important factor, as it has been reported
that class H expressed on B lymphocytes acts as a cofactor for EBV infection, and
that interfering with the virus-class H interaction inhibits viral infection (Li et al.,
1997).
More recently it was observed that members of the 3-chemokine family of
chemoattractants could suppress infection by M4-tropic viruses (Paxton el al, 1996).
The receptors for these molecules were then identified as the coreceptors for virus
entry. These receptors are members of the seven transmembrane G protein-coupled
receptor family. The a-chemokine receptor, fusin (CXCR-4) mediates infection with
T cell tropic isolates (Feng ci al., 1996), whilst the 1-chemokine receptor, CCR-5 is
the second receptor for M4-tropic viruses (Alkhatib ci al., 1996; Deng ci aL, 1996;
Dragic et al., 1996). CCR-3 and CCR-2b are also utilised by M4-tropic isolates
(Doranz et al., 1996). Mutations in these receptors have been reported to confer
resistance to infection by HTV (Liu el al., 1996; Samson el al., 1996). The cellular
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tropism of a viral strain is thought to be dependent on the third hypervariable region
of the gpl2O envelope glycoprotem (Cairn et al., 1992). This domain is termed the V3
loop and mediates binding to the coreceptors on T cells and M4. Chemokine receptor
usage by individual viral strains allows more distinct identification of cellular tropism.
1. 2.2 Viral life cycle
The first step in viral infection is gp 120 binding to the host receptors. Binding leads to
fusion of the viral membrane envelope with the target cell membrane, allowing entry
of the viral matrix. The mechanism by which this occurs is not yet known. Binding of
gp 120 may induce a conformational change in the envelope structure, allowing gp4 1
to come into contact with the host membrane, initiating fusion. It is also possible that
endocytosis plays a role in viral entry into cells (Marsh ci al., 1997). Once inside the
cell, the viral matrix and core disintegrate, and the viral RNA is released into the
cytoplasm of the target cell (Grewe etal., 1990). The vif accessory protein may play a
role in the targeting or uncoating of the viral core (von Schwedler etal., 1993)
The 10 kb RNA genome is converted to linear, double-stranded DNA (dsDNA) by
the viral RT enzymes. Reverse transcription occurs as a result of co-ordination of the
RNA-dependent DNA polymerase; ribonuclease H; and DNA-dependent DNA
polymerase enzymes (Davies II ci al., 1991), encoded by the HTV po! gene. Reverse
transcription is also dependent on the p7 gag nucleocapsid protein (Drummond ci aL,
1997; Sandefur ci al., 1998). The HJV-1 RT enzyme is relatively inaccurate, with a
high mutation rate (Preston ci al., 1988; Roberts et al., 1988). It is this property
which leads to the high diversity of the fly- 1 genome, and allows the virus to adapt
to the selective pressure created by the host immune system.
Linear dsDNA is transported to the host nucleus as part of a nucleoprotein complex
Viral dsDNA also forms circular structures, although these accumulate in the
cytoplasm, as they are not able to integrate and support viral replication (Brown et
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al., 1989). Nuclear targeting and transport is mediated by cellular factors (Bukrinsky
et

al., 1992), and by nuclear localisation signals in vpr, and the carboxy-terminus of

p17 gag (Bukrinsky

et al.,

1993; Gallay

et

al., 1995). The viral integrase enzyme is

also contained within the nucleoprotein complex. Integrase mediates cleavage and
integration of viral DNA into the host genome. This forms a provirus, which behaves
as a cellular gene. Incorporated proviral DNA may be transcribed immediately in
active cells, or may remain in a transcriptionally latent state in resting cells until
activation (Chun

et al.,

1995; Zack

et al.,

1990).

HIV replication is controlled by the viral promoter, contained within the 5' long
terminal repeat (LTR). Organisation of the HIV genome is shown on figure 1.4. This
region contains binding sites for cellular activators, and for cellular signal transducers
such as nuclear factor (NF)-KB and NF-AT. Activation of latently infected cells
increases expression of these transcriptional regulators and initiates proviral
transcription (Jones and Peterlin, 1994). The protease enzyme of HIV-1 may process
the NF-icB precursor, leading to upregulation of active NF-KB (Riviére

et al.,

1991).

Transcription requires the formation of a stable RNA polymerase complex (RNAPH),
containing the RNAPoIII enzyme, and transcription factors TFIIF and TFI[H
(Maldonado et al., 1996). This complex binds to transcription factors TFIID and
TF1IB, complexed to the initiation site present in the LTR promoter.
Transcription of the viral genome leads to the production of 9 kb, 4 kb, and 2 kb
mRNA species, which arise from multiple splicing events along the viral transcript.
Initially, multiply spliced 2 kb species are produced, which encode the viral regulatory
proteins tat, rev, and nef. Tat is essential for production of thU length viral transcripts.
Newly synthesised tat transactivator proteins bind to the trans-acting response
element (TAR), an RNA structure on the nascent transcription complex, situated
close to the transcription initiation site. The tat-TAR interaction increases
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Figure 1.4

Genomic organisation of HIV
Schematic representation of the linear sequence of HIV-1 genes. The HIV genome is approximately 10 kb
long, and contains multiple splice donor and splice acceptor sites, leading to differential splicing of the RNA
transcript, and expression if individual proteins. Ribosomal frameshilling also contributes to differential
protein expression.
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the production of the 4 kb and 9 kb viral transcripts by affecting the rate of elongation
by the RNA polymerase complex (Rosen, 1992)
Translation of the complete genome is dependent on a second regulatory protein, the
regulator of viral mRNA (REV). Rev acts via the rev responsive element (RRE), an
RNA structure encoded within the em' gene (Daly et al., 1989; HadzopoulouCladaras et aL, 1989; HammarskjOld ci aL, 1989; Malim et al., 1989). Rev binds the
RRE and mediates transport of the 4 kb and full length late viral transcripts out of the
nucleus. The 4 kb species encodes env, protease, and the viral accessory proteins. The
9 kb transcript encodes the gag structural proteins, and also forms the RNA genome
which is packaged into new virions. In the absence of rev, viral mRNA is retained
within the nucleus, where it undergoes multiple splicing events, creating large
amounts of the small 2 kb transcript (Feinberg et al., 1986; Sodroski ci al., 1986).
The full range of viral proteins are produced by differential splicing of the RNA
transcript. These proteins are then assembled to form new, infective virus particles.
The gag structural protein is synthesised as the pi-55a precursor, which interacts
with the viral RNA genome, the plasma membrane, and the envelope glycoproteins,
directing virion assembly (Fuller et al., 1997). The gag precursor is targeted to the
plasma membrane by a myristic acid molecule bound to the amino-terminus of p17
gag. This fatty acid is vital for virion formation, as it ensures that the p17 matrix binds
tightly to the inner surface of the viral membrane envelope (Gelderblom, 1991). The
p6 gag domain recruits and retains the pol proteins (containing the RT and protease
enzymes), and the vpr accessory protein, inside the developing virion (Paxton ci al.,
1993; Yu et al., 1998). The p7 gag nucleocapsid domain is essential for encapsulation
and packaging of the viral RNA genome (Berkowitz et al., 1995; McBride et al.,
1997). The vif accessory protein may also have a role in packaging of the
nucleoprotein core (Hoglund et al., 1994).

31

The gag-nbonucleoprotein complex is transported to the plasma membrane, possibly
via interaction with the vpu late gene product. Vpu may prevent vinon budding into
inappropriate intracellular compartments (Subbramanian and Cohen, 1994). At the
plasma membrane, the pr559ag precursor is arranged into a matrix, and the envelope
glycoproteins incorporated. Env recruitment is dependent on the p17 gag domain
(Bugeiski et al., 1995; Dorfman et al., 1994; Yu et al., 1992). Virion maturation
occurs concurrently with budding from the cell surface. Maturation of the budding
virion is dependent on sequential proteolytic processing of the pr559ag precursor by
the viral protease enzyme, to form the p17 matrix, p24 capsid, p7 nucleocapsid, and
carboxy-terminal p6 gag proteins. This leads to structural organisation of the virion.
Correct maturation of the gag core may also be important in facilitating viral
uncoating after infection (Wiegers et al., 1998).
1.2.3 Immune response to HIV
1.2.3.1

CD8± Tcell responses

In the acute phase of HIV infection, there is a high rate of viral replication. This leads
to the generation of large quantities of viral antigenic peptides in infected cells, which
are presented on the cell surface in association with MHC class I molecules (1.1.2).
Class 1-peptide complexes are recognised by CD8+ cytotoxic T lymphocytes (CU).
The CTL-mediated immune response occurs in two phases. Sensitisation occurs when
CD4+ helper T (TH) cells (1.2.3.2) recognise antigens presented by APC in
association with class II. Antigen-specific TH cells proliferate, producing large
quantities of interleukin (IL)-2. Interaction of CD8+ T cells with class I-restricted
antigenic peptides, and TH-derived IL-2, leads to cell proliferation and differentiation
into functional CU. This process also requires co-stimulation via B7 binding to the
CD28 molecule on the responder T cell. In the effector phase of a CTL response,
mature CTL recognise class 1-peptide complexes on the surface of target cells,
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leading to destruction of these cells by apoptosis induction, or direct lysis via perform
release (Roitt etal., 1993).
Large numbers of HIV-specific CTL can be detected within 1-4 weeks of infection.
Early CTL responses are directed against a variety of epitopes within the gag and env
structural proteins, and the viral reverse transcriptase enzyme (Koup ci al., 1994).
Later CTL responses are specific for a wider range of viral regulatory and accessory
proteins, including nef, rev, tat, integrase, protease and vif (Lamhamedi-Cherradi ci
al., 1995). The early CTL response reduces the number of HIV-infected cells during
primary infection (Borrow ci al., 1994; Lamhamedi-Cherradi et al., 1995), resulting
in a 100-fold drop in viraemia (Koup ci al., 1994). HTV-specific CU responses have
also been observed in women who have been repeatedly exposed to }IIV via
heterosexual contact, but who remain HIV seronegative. CTL may therefore be
important in protecting against primary infection (Mazzoli et al., 1997; RowlandJones et al., 1995).
After 3-6 months, CTL levels fall, indicating the onset of the asymptomatic phase of
infection (Koup et al., 1994; Selin and Welsh, 1994). A relatively high number of
memory CU persist, corresponding to circulating virus levels. The length of the
asymptomatic phase of HIV disease is, to some extent, controlled by the efficiency
with which circulating memory CTL can recognise and destroy virally infected cells.
A strong CU response leads to cell lysis before production of virus. Weaker CTL
responses may allow maturation and release of large numbers of viral particles before
infected cells can be destroyed (Rinaldo ci al., 1995).
In the asymptomatic phase of infection, CU responses generate a high selection
pressure which, combined with the relatively high level of viral replication, and the
high error rate of the viral RT enzyme, causes the virus to mutate and escape Cli
control (Aoki-Sei ci al., 1992; Bagnarelli et al., 1992; Nowak ci al., 1995). In
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individuals with a strong response to a limited number of epitopes, mutations can lead
to total viral escape and rapid progression to ADDS. In contrast, patients who mount a
much broader immune response, can control viral replication for longer (Borrow et
al., 1997). Mutation of Cli epitopes has been reported for a number of viral
proteins, including gag, nef, env, and RT (Borrow etal., 1997).
Changes in the peptide sequence of CTL epitopes may affect processing, possibly
leading to the creation of a novel peptide (Couillin et al., 1994; Koup, 1994). Viral
mutation might also affect the class I binding affinity of particular peptides. Reducing
the binding affinity of a peptide leads to expression of less stable class 1-peptide
complexes at the cell surface (McMichael and Phillips, 1997). Alternatively,
alterations in the peptide sequence may change the orientation of the peptide within
the class I binding groove, creating an altered peptide ligand (Borrow et al., 1997).
This may act as a Cli antagonist, causing anergy, and inhibiting the response to wild
type peptides presented on other cells (McMichael and Phillips, 1997).
The pattern of CU activation, viral mutation, and escape is repeated throughout the
course of infection. Progression to AIDS occurs when the immune system can no
longer respond to new HIV variants, leading to escalation of viral replication. CU
decline may be due to exhaustion of CTL precursors (Carmichael et al., 1993),
however loss of CD4+ T cell help is a significant factor.
1.2.3.2

CD4-r T cell responses

CD4+ T lymphocytes recognise antigenic peptides presented in association with class
H molecules on the surface of antigen presenting cells (1.1.3). Given their central role
in regulating immune responses, CD4± T cells are also known as T-helper (TH) cells.
Th cells can be divided into two distinct sub-classes, depending on the profile of

cytokines released after activation. TH1-type cells secrete interferon (WN)-y, IL-2,
and tumour necrosis factor (TNF)-3, providing help for cell-mediated immunity, and
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protecting against bacterial and viral infections. IL-2 is required for CTL
differentiation and maturation, whilst IFN-y promotes macrophage activation. TH2type cells secrete IL-4, IL-5, [L-6, and IL-13, providing help for humoral and antiparasite immunity. Differentiation into either subtype depends greatly on the cytokine
environment in which the cells develop. IL- 12 and [FN-y, produced by activated M4
are potent inducers of TH 1 development. Development of Tii2 cells is induced by IL4, possibly synthesised by TH2 cells themselves (Abbas etal., 1996).
In HIV infection, a major function of CD4 T cell responses is to provide 'help' for
cell-mediated immune responses via the production of cytokines. It is likely that the
collapse of the cell-mediated immune response, which leads to progression to AIDS,
is due to a decline in CD4 T recognition of opportunistic pathogens, leading to a loss
of CD4 T cell help (1.2.4). This is caused partly by a decline in the absolute numbers
of CD4± T cells, and partly by a loss of cell function (McMichael and Phillips, 1997).
Class 11-restricted presentation of endogenously derived HIV antigens may also play a
role in the immune response. This has been reported for a number of different viruses,
including lymphocytic choriomeningitis virus (LCMV); Epstein-Barr virus; measles;
influenza; vaccinia; and hepatitis B and D (Eisenlohr and Hackett, 1989; Jacobson ci
al., 1989; Jaraquemada et al., 1990; Jin et al., 1988; Kittlesen etal., 1993; Lee et al.,
1993; Nisini et al., 1997; Oxenius et al., 1995). Class 11-restricted presentation of
endogenously synthesised env peptides has been reported in HIV infected, and
transfected cells (Orentas et al., 1990; Polydefkis ci al., 1990; Rowell ci al., 1995a;
Stanhope ci aL, 1993). It was shown that this response was not dependent on env cell
surface expression and endocytosis.
CD4+, class 11-restricted CTL have also been reported after infection or vaccination
with 1{IV (Littaua ci al., 1992; Miskovsky et al., 1994; Orentas et al., 1990), and
were shown to form a common, but variable subset of the in vivo immune response to
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a gpl60 subunit vaccine (Stanhope et al., 1993). CD4+ CU lyse cells expressing
endogenously synthesised viral proteins in a mechanism similar to CD8+ CU
(Eisenlohr and Hackett, 1989). This might be important, as HTV replicates in
activated M4) and T cells, both of which express class H.
1.2.3.3

Humoral Immunity

The humoral immune response to I-IIV consists of neutralising and non-neutralising
antibodies to viral proteins. Neutralising antibodies are those which block infection,
either by inhibiting binding of viral particles to the target cell, or by interfering with
post-binding fusion events (Poignard etal., 1996). It has been proposed that secretory
IgA present in the genital mucosa of HIV exposed but uninfected individuals is
associated with protection from infection (Mazzoli et al., 1997).
Neutralising antibody epitopes are primarily localised within the gp 120 envelope
glycoprotein. There are epitope clusters within the V3 loop, the V1/V2 segment, and
within the CD4 binding domain (Poignard et al., 1996). There are also neutralising
domains on the gp4l transmembrane segment. It was initially thought that the
neutralising antibody response to HIV was responsible for the large drop in viral titres
after the acute stage of infection (Albert et al., 1990; Rosenberg and Fauci, 1993). It
was later shown that although HIV-specific antibodies can be detected within 1-4
weeks of infection (Horsburgh Jr. et al., 1989), neutralising antibodies do not appear
until several weeks after the decrease in viraemia (Koup et al., 1994).
In addition to blocking infection physically, binding of HIV-specific antibodies to
virions could mediate the destruction of these virions in a number of ways. The bound
antibodies may act as opsonins, leading to phagocytosis by antigen presenting cells,
such as M4) (Moore et al., 1994). Antibody bound to the surface of virions can also
activate the classical complement pathway. The complement system plays an
important role in neutralising a number of viruses, including EBV, rubella, and
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retroviruses. Complement binding to virions enhances opsonisation, but can also lyse
virions directly (Roitt et al., 1993). Antibody-mediated virion aggregation could also
reduce the net number of infectious virus in the blood (Moore et al., 1994).
The humoral immune response also creates a high selection pressure, which acts on
HIV. Mutation of neutralising antibody epitopes within the env glycoprotein lead to
escape from immune control (Shaper and Mullins,

1993). HTV also evades

complement-mediated virolysis by incorporating complement control proteins into the
viral membrane envelope (6.1) (Stoiber et al., 1997). It is important to note however,
that the humoral immune response to HTV is not necessarily protective. Patients with
relatively high titres of HIV specific antibodies still show progression to AIDS.
1. 2.4 HIV-induced immunosuppression
1.2.4.1 Tcell dysfunction

The decline in the number and function of CD4+ T cells is the major factor leading to
progression to AIDS. It has been shown that throughout the asymptomatic phase of
infection, there is a steady fall in the absolute numbers of circulating CD4+ T cells.
This loss has been estimated at approximately 1% per day, although this varies
between individuals (McMichael and Phillips, 1997). Destruction of HIV-infected T
cells may arise from direct viral cytopathic effects, such as cytoplasmic accumulation
of unintegrated circular viral DNA (Shaw ci al.,

1984), or plasma membrane

disruption caused by viral budding (Stevenson etal., 1988). Infected cells may also be
destroyed after recognition by HIV-specific CTL (Kienerman et al., 1996).
Killing of uninfected cells via 'bystander effects' is a major cause of CD4+ T cell loss.
Release of the gpl20 envelope glycoprotein from infected cells, and from infectious
virus particles may bind to the CD4 molecule on uninfected cells. These may then be
recognised as virally infected cells, and destroyed by natural killer cells or CTL
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(Lanzavecchia et aL, 1988; Weinhold et aL, 1989). Secreted, and cell-associated
gp 120 may also interact with the CD4 molecule on uninfected cells, leading to fusion
and syncytium formation (Heinkelein et al., 1995; Margolis et al., 1995; Murphy et
al., 1995; Rosenberg and Fauci, 1993). Induction of programmed cell death, or
apoptosis, has also been proposed as a mechanism for inappropriate T cell killing.
Upregulation of the Fas ligand on FIIV-infected APC leads to activation of Fas
expressed on the surface of uninfected CD4± T cells (Badley ci al., 1996; Gougeon et
al., 1996; Herbein et al., 1998). Binding of Fas to its ligand results in induction of
apoptosis (Suda and Nagata, 1994).
In addition to a fall in cell numbers, there is a decline in CD4+ T cell function during
HIV infection. This is observed at an early stage of disease and cannot be explained
by actual cell loss (Faith et al., 1992; Manca et al., 1992). An early effect of T cell
dysfunction is the loss of memory responsiveness to recall antigens, such as tetanus
toxoid, influenza, and other microbial antigens (Ballet et al., 1988; Teeuwsen et al.,
1990). It is possible that this is due to induction of anergy in the effector T cell
population. T cells from asymptomatic HIV-positive patients have been shown to be
unresponsive to activation via CD2 and the CD3-TCR complex (Van Noesel et al.,
1990). Anergy may be caused by inappropriate signalling arising from gpl20 binding
to CD4 (Cefai et al., 1990; Schols and De Clercq, 1996). Binding of gp 120 to CD4
would also inhibit binding of class II-peptide complexes to CD4 (Fidler et al., 1996;
Rosenstein et al., 1990). As HIV disease progresses to AIDS, patients lose the ability
to mount primary immune responses, for example, to mitogens and alloantigens
(Rosenberg and Fauci, 1993).
Changes in CD4+ T cell function may have secondary effects on the immune response
to HIV. It has been proposed that, in HIV-infected individuals, there is a switch from
a Thl-type, to a TH2-type pattern of cytokine production (1.2.3.2) (Clerici and
Shearer, 1993). This shift would have a number of implications. The first is that

increased production of type 2 cytokines would drive the immune response away from
CTL, which are protective against WV, and towards neutralising antibodies, which
are not. This would aid escape of HIV from CTh control. Secondly, increased
concentrations of TH2-type cytokines may induce a switch from predominantly M-tropic HIV strains, to the more cytopathic T cell tropic variants. M4-tropic viruses
can replicate in either Dii or Ti-i2 conditions, whilst I cell tropic replication is
optimal under non Till conditions (Tanaka et al., 1997).
The actual extent of the Dii to TH2 shift in vivo, and the importance of this in disease
progression has not yet been established. It has been shown that a TH1-type profile of
cytokine production correlates with long term non-progression of WV disease
(Clerici et al., 1996). In addition, a shift to a TH2-type cytokine profile has been
demonstrated at an early stage of infection (Klein et al., 1997; Meroni et al., 1996).
In contrast, other research indicates that there is not an absolute shift in TH function
(Graziosi et al., 1994), or that there may be a trend towards THO cells, which express
both Iii I and TH2-type cytokines, but which support high levels of HTV replication
(Fakoya et al., 1997; Maggi et al., 1994). Given the fact that other cell types also
produce high levels of cytokines, particularly within the lymph node, it is likely that,
while the Till and Tu2 functional dichotomy may play a role in FIIV-induced
irnmunosuppression, it does not provide the complete explanation.
1.2.4.2 Antigen presenting cell dysfunction
Infection of APC, such as M and DC contribute to H1IV-mediated
immunosuppression in a number of ways. Langerhan's cells form a major route for
HEN-infection during sexual contact (Spira et al., 1995), and infected APC form an
important reservoir for HTV infection. Although immature APC do not support HIV
replication, class 11-restricted antigen presentation to CD4+ T cells by HIV-infected
APC stimulates high levels of viral replication and release, leading to secondary
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infection of T cells (Pope et al., 1994; Pope et al., 1995). Cycles of non-productive
and productive infection are an important factor in viral persistence during the latent
phase of disease (Pope et al, 1995). It has been shown that secondary infection is
enhanced by contact between the APC and T cell (Ayehunie ci al., 1995). During
antigen presentation, binding of the TCR to class 11 molecules on the surface of APC
can stimulate high levels of viral replication and release (Pope ci al., 1995). At the
same time, in the I cell, signalling via the ICR and secondary adhesion molecules
leads to activation of the T cell, providing an optimal target for HIV infection
(Tsunetsugu-Yokota et al., 1995).
Defects in HIV-infected M4 and DC function have also been reported, which
contribute to immunosuppression. A major consequence of the decline in APC
function in HIV infection is an inability to stimulate CD4+ T cell-mediated primary
immune responses, even to non-WV antigens (Blauvelt et al., 1995; Shearer et al.,
1986). APC dysfunction is observed at an early stage of disease, possibly before I cell
dysfunction (Macatonia et al., 1990), and is likely to be dependent upon a
combination of factors. HIV-infected M4) show a reduced ability to phagocytose
antigens, which has two implications for immune competence. The first is that there is
a reduction in internalised antigens to be processed for class 11-restricted presentation
(Polyak et al., 1997; Sperber et al., 1993). In addition, M4) lose the ability to kill
opportunistic pathogens such as Toxoplasma gond.ii, leading to recurrence of
toxoplasmosis infection in AIDS patients (Biggs et al., 1995).
As well as reducing the quantity of internalised antigens available for processing, HIV
may also affect class 11-restricted antigen presentation directly, via a number of
mechanisms. It has been reported that HIV-infected M4 and DC show reduced levels
of surface class H molecules (Eales et al., 1988; Polyak et al., 1997; Sperber et al.,
1993), however this has been contradicted by other studies (Blauvelt et al., 1995;
Fidler et al., 1996; Mdllroy et al., 1998; Melendez-Guerrero et al., 1990). Reduced

APC function may alternatively be due to a defect in accessory cell function, and the
ability to provide correct co-stimulatory signals to T cells during class H-restricted
antigen presentation (Ennen et al., 1990; Petit et al., 1988), although surface
expression of the B7-1 (CD80), B7-2 (CD86), LFA-1, and LFA-3 co-stimulatory
molecules have been shown to be normal on HIV-infected DC (Mcllroy et al., 1998;
Sperber et al., 1993). Ultimately, the effect of HIV on class H and co-stimulatory
molecule expression, may depend on individual culture conditions, and the cell type
under investigation.
1.2.4.3 Autoimmunily
A lack of I cell regulation, combined with the proposed TH2 shift can lead to
polyclonal proliferation of B cells in AIDS patients (Shirai et al., 1992). In addition to
non-specific B cell activation, molecular mimicry by FIIV proteins can lead to
induction of autoantibodies. Conserved regions in the HTV- 1 envelope glycoprotein
sequence have homology with native host proteins, including IL-2 (Reiher ifi et al.,
1986), MHC class I (Grassi et al., 1991) and MHC class H. Autoreactive anti-class H
antibodies were observed in approximately 75% of patients infected with HIV. On
investigation it was noted that 28-48% of monoclonal antibodies isolated from HIV
seropositive patients were simultaneously reactive to env glycoproteins and MIHC
class II (Zaitseva et al., 1992).
It has been postulated that the presence of anti-class H antibodies, and also
autoreactive, class H-specific I cell clones in HIV-infection (Tilkin et al., 1987), and
SW-infection (Langlois et al., 1992; Stott, 1991), may contribute to the extensive
dysfunction of the immune system in HI V-infected individuals (Habeshaw et al.,
1992; Zaitseva et al., 1992). Dc La Barrera et al. (De La Barrera et al., 1987),
observed that the presence of autoreactive antibodies correlated with the susceptibility
to develop AIDS. Autoantibodies may contribute to the decline in T cell numbers by
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binding to class II molecules expressed on the surface of activated T cells, leading to
antibody dependent cell-mediated cytotoxicity (Rosenberg and Fauci, 1993).
1.3 OUTLINE OF PROJECT

As outlined above, the widespread immuno suppression observed in HI V-infected
individuals is greatly influenced by a loss of CD4+ T cell function, as these cells
become unable to respond to a variety of microbial antigens presented in association
with MHC class H molecules. It has been shown that the loss of CD4 responses is due
to a combination of I cell and APC dysfunction, leading to a defect in class Hrestricted antigen presentation. There are a number of lines of evidence which suggest
that HIV interacts with the class 11-restricted antigen presentation pathway during the
course of virion assembly. Using inimunoelectron microscopy, virus particles have
been observed budding into the class H processing compartment (M. Moore, personal
communication), and high levels of class H molecules are incorporated specifically
into the virion envelope during assembly (Arthur et al., 1992). In addition, class IIrestricted presentation of endogenously derived viral peptides has been demonstrated,
without the need for prior expression on the cell surface (Polydeflcis et al., 1990;
Rowell etal., 1995a).
The focus of this project therefore, was to examine the class H biosynthetic and
processing pathway, and how this is affected by infection with HIIV. With the aim of
comparing the effects of HIV infection on professional and non-professional APC, the
characteristics of class H expression were examined in a number of different cell
types, including I and B cell lines, and primary M4 cultures. Within these studies, the
objective was also to identify specific mechanisms by which HIV might affect class 11
processing, which may help to explain the loss of responsiveness to class IT-restricted
antigens in HIV infection. Cell biological techniques, such as flow cytometry, indirect
immunofluorescence staining, and pulse chase analyses were utilised, with the
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intention of identifying possible interactions of viral proteins with newly synthesised
class H molecules.
With the aim of identifying the effect of individual viral proteins on the class H
processing pathway, an REV em' transfection model was developed. A class IIpositive, but Ii- and DM-negative cell line was utilised to highlight all possible effects
mediated by the HIV envelope glycoprotein. The transfection model was developed
flirther, to allow expression of HIV

env

in association with an HIVienv provirus. The

objective of this study was to investigate the significance of any env-mediated
variations in class H processing, within the context of expression of the whole virus.
The data obtained in the transfection model were compared with those from the
cellular infection study, with the aim of identifying specifically the effects of REV
infection on class II expression in professional, compared to non-professional APC.
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2.1 CELLS AND CELL CULTURE

2.1.1 Cell lines
All cell lines and primary cell isolates were cultured in an Heraeus (Heraeus,
Brentwood., Essex) CO2 auto-zero incubator, at 37°C and 5% CO2 in appropriate
culture media. For long-term storage, cells were pelleted by centrifugation, then
resuspended in freezing mix {90% Foetal calf serum (FCS; Sigma-Aldrich Company
Ltd, Poole, UK); 10% dimethyl suiphoxide (DMSO; Sigma)} at a concentration of 1
X

107 cells/ml. 1 ml aliquots of cell suspension were placed into 1.8 ml ciyovials

(Nunc/Life Technologies, Paisley, UK), and the cells placed in liquid nitrogen. Cells
were thawed quickly by incubation at 37C, then resuspended in 20 nil of warm
medium. The cells were pelleted by centrifugation, then washed twice with phosphate
buffered saline {PBS; 0.01 M phosphate buffer; 0.0027 M KC1; 0.137 M NaCl;
(GibcoBrl, Paisley, UK)}, before transferral to tissue culture flasks.
2.1.1.1

Priess

Priess is an Epstein-Barr virus (EBV)-transformed lymphoblastoid B cell line (Burley
et al., 1982). This cell line is HLA-DR4 and CD4 and is permissive for infection
with the HTVmB viral strain. Cells were cultured in RPIvII 1640 (GibcoBrl), an
enriched medium formulated for suspension cultures. This was supplemented with
10% FCS; 1% L-glutamine (HyClone, Cramlington., UK); and 1% penicillinstreptomycin { 50 U/mI penicillin; 50 .tg/ml streptomycin (GibcoBrl) }. Cells were
cultured in upright 75 cm2 tissue culture flasks (Corning-Costar, High Wycombe,
Bucks).
2.1.1.2

119
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H9 is a CD4, HLA-DR4 T cell line, which was cloned from a parental cell line
derived from an adult with lymphoid leukaemia (Popovic et al., 1984). This cell line is
also permissive for infection with HIVmB. Cultured as for Priess (2.1.1.1)
2.1.1.3

COS

COS is a simian virus 40 (SV-40)-transformed cell line derived from a parental
African green monkey cell line, CV- I (CV- 1 origin, SV-40) (Gluzman. 1981). COS
encode a single integrated copy of the complete early region of SV-40 DNA, and
98% of the cells in the population express the SV-40 large T antigen. COS cells were
cultured in Dulbecco's modified Eagle medium (Sigma), containing 10% FCS; 1% Lglutamine; and 1% penicillin-streptomycin. This medium is suitable for the growth of
a broad spectrum of mammalian cell lines. Adherent COS cells were cultured in
horizontal 75 cm2 or 225 cm2 tissue culture flasks until confluent. Cultures were split
using 10 mM ethylenediaminetetraacetic acid (EDTA.. Sigma) in PBS. 75 cm2 flasks
were incubated in 5 ml of EDTA. 225 cm2 flasks in 15 ml. Cells were incubated for 5
minutes, and lifting was monitored by light microscopy. The cells were pelleted by
centrifugation. washed in PBS, then resuspended at approximately 1/3 concentration
in complete medium.
2.1.1.4

C'HO-DR

Human DR4-transfëcted Chinese hamster ovary (CR0) cells were obtained from Dr.
David Sansorn.. These cells were cultured in horizontal 75 cm2 or 225 cm2 tissue
culture flasks, using Dulbecco's modified Eagle medium (GibcoBrl), containing 10%
FCS; 1% penicillin-streptomycin; non-essential amino acids {NEAA (GibcoBrl): 25.6
tg/ml L-alanine; 60 .tgfm1 L-asparagine; 59 Vg/m1 L-glutamic acid; 46 .tg/m1 Lproline}; nucleosides {Sigma: 7g/mi adenosine, cytidine; guanosine; uridine; 2.4
tg/ml thymidine}; and 0.18 mg/ml L-methionine sulphoximide (MSX; Sigma). When
confluent, CR0-DR cells were split as for COS cells.
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Z 1.2 Preparation of Primary Macrophage cultures from Buffr Coats
2.1.2.1

Isolation of Peripheral Blood Mononuclear Cells

Primary macrophage (M4)) cultures were isolated from concentrated leukocyte packs
(buff' coats), obtained from the Scottish Blood Transfusion Service (BTS,
Edinburgh). Buff' coats were provided at a volume of 100-150 ml of 1 day old blood,
which was diluted to a volume of 200 ml with PBS in a 75 cm2 flask. Erythrocytes
were removed by aggregation and density centrifugation using LymphoprepTM, {9.6%
sodium metrizoate; 5.6% polysaccharide} (Nycomed Pharma AS, Oslo, Norway).
The polysaccharide acted as a high polymer compound to agglutinate erythrocytes,
whilst sodium metrizoate provided the high density component.
25 ml of diluted blood was carefully overlaid on to 15 ml of warm Lymphoprep in 50
ml polypropylene centrifuge tubes (Corning) using a 10 ml pipette. Aggregated
erythrocytes were sedimented by centrifugation at 2200 rpm for 30 minutes with no
brake. After centrifugation., the mononuclear cells formed a distinct layer at the
Lymphoprep/plasma interface. These were removed using a I ml pastette (Alpha
Laboratories Ltd., Eastleigh, Hants), with care taken to avoid removing the lower
Lymphoprep, or the upper plasma layers. Mononuclear cells were transferred to 50 ml
centrifuge tubes, resuspended in warm PBS, then centrifuged at 1800 rpm for 15
minutes. The pelleted cells from each buff' coat were combined, diluted in 50 ml of
warm PBS, counted using a haemocytometer, and centrifuged at 1300 rpm for 10
minutes. The Lymphoprep method of separation resulted in between 1 and

5%

erythrocyte contamination of the lymphocyte suspension. This depended on the age of
the buffy coat, and the care with which the blood was overlaid on to the Lymphoprep,
and the cells removed from the interface. Excess PBMCs, not required for culture
were stored in liquid nitrogen.
2.1.2.2

Preparation of Primary Macrophage Cultures
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Peripheral blood mononuclear cells (PBMCs) were resuspended in Iscove's Modified
Dulbecco's Medium (GibcoBrl) containing L-glutamine. This is a highly enriched
medium which is suitable for rapidly proliferating, high density cultures. 6 ml of a 11.5 x 107 cells/ml suspension of PBMCs were placed into each 75 cm 2 flask.
Alternatively, 25 cm2 flasks were seeded with 2.5 ml of PBMCs. Flasks were
incubated horizontally at 37°C for approximately 1.5 hours, with cell adherence
monitored by phase contrast microscopy. Non-adherent cells were removed using a
10 ml pipette and pelleted for storage at -70°C or for culture. The monocyte culture
medium was replaced with 15 ml in 75 cm2 flasks, and 6 ml in 25 cm2 flasks, of
Iscove's Modified Dulbecco's Medium containing 5% normal human serum. Normal
human serum was prepared by Mr. Donald limes, by centrifugation from blood packs
obtained from the Scottish BTS. Monocytes/M4) were cultured for up to 3 weeks,
with 50% fresh medium substituted at 7 and 14 days of culture.
2.1.3 Virus strains and infection
2.1.3.1

HJVjiis

HTVmB is an HIV-1 strain cloned from isolates obtained from AIDS and pre-AIDS
patients of American origin (Popovic et al., 1984). It is a pleiotropic strain which can
be used to infect both I cells and M4, although it infects T cells with approximately a
10,000 fold higher efficiency than M4) (Gartner et al., 1986). This strain was used to
infect the Priess and H9 CD4, DR4 cell lines.
Priess and H9 cells were infected with equivalent reverse transcriptase (RT) units of
HIViIIB. Cells were cultured as described (2.1.1.1-2). The day before infection, cells
were split and fed with fresh medium. Cells were pelleted by centrifugation and the
culture medium retained. 1 x 107 cells were resuspended in 1 ml of culture medium in
50 ml polypropylene centrifuge tubes. 2 ml of viral supernatant were added, and the
cells incubated for 2 hours at 3 7°C. Appropriate culture medium was added back to
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give a final volume of 50 ml. The cells were placed into a 75 cm 2 flask and cultured as
normal. Infection was monitored by the presence of viral RT, p24, and gp 120 in
culture supernatants, and by syncytium formation in H9 cultures.
I-IIVmB viral stocks were prepared in Priess cells. I x 107 cells were infected and
cultured as described above. Approximately every 4 days, 20 ml of culture medium
was removed and 20 ml of fresh, complete RPMI was added. At day 7 of infection the
cells were split into two flasks, and fresh Priess cells added. At day 14 of infection,
the cells were pelleted by centrifugation at 1300 rpm for 5 minutes. The supernatant
was retained, and clarified further by centrifugation at 1300 rpm for 5 minutes.
Samples of viral stocks were taken for analysis by RT assay (2.3.1). The remainder
was divided into aliquots of 2-5 ml and stored at -70°C
2.1.3.2

HIVBa-L

HIVBa-L was isolated and cloned from primary lung cultures obtained from a child
with AIDS. It is a M4-tropic strain, which infects M 10-100 fold more efficiently
than T cells (Gartner et cii., 1986). This strain was used to infect primary M cultures.
Primary M4 cultures were prepared from peripheral blood as described (2.1.2). At
day 3 of culture, the culture supernatant was removed and the cells washed with PBS.
Culture supernatants were clarified by centrifugation for 5 minutes at 1300 rpm and
stored at 37°C. M4) in 25 cm 2 flasks were incubated with 0.5 ml of HIIVBa-L stock,
cells in 75 cm2 flasks were incubated with 2 ml of stock, for 30 minutes at 37°C. The
culture medium was added back, to give a final volume of 5 ml in 25 cm2 flasks, and
15 ml in 75 cm2 flasks. At day 7 of infection, half the culture supernatant was
removed and replaced with fresh medium. An equal number of M4 flasks were
retained as controls, and were treated in exactly the same way as the infected cells.
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HIVBa-L stocks were prepared by Mr. Donald Innes as follows: four 75 cm 2 flasks of
M4 were adhered for 2 hours at 37°C. Non adherent cells were removed, pelleted by
centrifugation for 5 minutes at 1300 rpm, then resuspended in Iscove's Modified
Dulbecco's Medium containing

5%

normal human serum and 10.ig/m1

phytohaemagglutinin (PHA). 15 ml of non-adherent PBMCs were added back to each
flask of M4. PBMCs were incubated for 2 days at 37°C. The culture supernatant
containing non-adherent PBMCs was removed and stored at 37°C. 2 ml of HIVBa-L
stock was added to each flask of M and incubated at 37°C for 1 hour. The original
culture supernatant containing non-adherent PBMCs was added back and the cells
cultured for a further 7 days. At day 7 of infection, 50% of the culture supernatant
was discarded and replaced with fresh medium. At day 14 post-infection the viral
supernatant was clarified by centrifugation for 10 minutes at 1300 rpm, divided into
10 ml aliquots, and stored at -70°C.
2.2 ANTIBODIES
2.2.1 General

2.2.1.1

Anti-MHC
W632 - Mouse anti-class I heavy chain (Accolla, 1983). Hybridoma cells were

cultured in complete RPMI (2.1.1.1) in 75 cm2 tissue culture flasks, and antibody
supernatants harvested weekly. Supernatants were aliquoted and stored at -20°C.
Stock antibody concentrations were approximately 10 gig/ml. Used neat for
immunofluorescence staining, and at 5 .tg/samp1e for immunoprecipitation.
DA6.147 - Mouse anti-class II. Recognises DR dimers, although has a higher
affinity for immature DRa monomers (Guy et al., 1982). Ascites fluid was provided
by Dr. Keith Guy. The stock antibody concentration was approximately 1 mg/mi.
Used at a concentration of 10 gi.g/ml for Western blotting.
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DA6.231 - Mouse anti-class II. Recognises DR dimers, although have a higher
affinity for DRO chains (Guy et aL, 1982). Antibody supernatant preparation and
concentrations as for W632.
L243 - Mouse anti-class II (Fong et al., 1981). Antibody supernatant
preparation and concentrations as for W632.
CD74 - Mouse anti-invariant chain (Binding Site, Birmingham). Stored as a
stock at 0.5 mg/ml. Used at a concentration of 5 .ig/ml for immunoprecipitation.
2.2.1.2

Anti-HIV
D7324 - Sheep anti-gpl20 (AAlto BioReagents, Dublin, Ireland). This

antibody was produced by immunising sheep with a single synthetic peptide with the
amino acid sequence: APTKAKRRVVQREKR, which corresponds to amino acid
residues 497-511 in the envelope gp120 glycoprotein of FIIVBH-lo. Stored as a stock
at 1 mg/nil. Used in the gpl20 antigen capture ELISA at 2.5 xg/ml, and for
immuno fluorescence staining at 10 .tg/ml.
GP13 - Human anti-gp 120 (Prof. A. Osterhaus and Dr. M. Schutten, AIDS
reagent Project, NIBSC, Herts). Recognises an epitope in or near to the CD4-binding
site of gp120 (amino acids 256, 257, 262, 368, 370, 384). This antibody is derived
from an EBV-transformed B cell line from an HIV-seropositive patient and recognises
a wide range of HIV-1 strains (Schutten et al., 1993). Stored as a stock at I mg/mi.
Used in the gpl2O antigen capture ELISA at 40 j.iglml.
MAS 353p - Mouse anti-HIV-1 gp4l (Harlan Sera-Lab, Bicester, Oxford).
Recognises a conserved epitope in the HIV-1 envelope gp4l transmembrane protein
(Papsidero et al, 1988). Can be used to detect gp4l or gpl6O. Stored as a stock at 1
mg/mi. Used in immunoprecipitation at 5 pg/sample.
KC57 - Fluorescein isothiocyanate (FITC)-conjugated mouse anti-HIV-1 p24
(Coulter, Luton, Beds), reacts to the core protein of HIV, and also to p24. Stored as
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a stock at 100 .tg/m1. Used at a concentration of 1 .tg/m1 for immunofluorescence
staining2.2.1.3

Conjugated secondary antibodies
FITC - Obtained from the Scottish antibody production unit (SAPU, Carluke,

Lanarkshire). FITC-conjugated anti-mouse (goat), human (sheep), and sheep/goat
(donkey) IgG antibodies were used. Antibodies were stored as a stock at 0.5 mg/ml
and used at a concentration of 5 ig/m1 for immunofluorescence staining.
HRP - (SAPU). Horseradish peroxidase-conjugated anti-mouse (goat), human
(sheep), and sheep (goat) IgG antibodies were used. Antibodies were stored as a
stock at 0.5 mg/ml and used at a concentration of 12.5 jig/ml for Western blotting.
2.2.2 Selection of HIV-Positive Sera for gpl2O antibodies
2.2.2.1

Identification of gp120 Antibodies in Patient Sera

5ji1 of a 0.1j.tg/jtl dilution of recombinant soluble gp120 from strains HTVIIIB or
HIVsF2 was placed in each well of a 96 well Hybri-Dot manifold dotbiot apparatus
(Bethseda Research Laboratories, Life Technologies Inc.) onto 0.45 p.m Hybri-Dot
nitrocellulose blotting membrane (Bethseda Research Laboratories), and incubated for
2 hours at room temperature. This was removed, and the wells were washed 3 times
with 1% dried non-fat milk (DNFM) in PBS, then blocked for 2 hours using 5%
DNFMIPBS. Seven serum samples from REV positive patients (HIV repository,
Edinburgh, courtesy of Dr. Andrew Leigh Brown) were tested for the presence of
anti-gp 120 antibodies. Each sample was diluted to 1:100; 1:300; 1:600; and 1:1000 in
1% DNFMIPBS. then 5p.l of each dilution was added to either HTVmI3- or HhIVsvgp 120. Normal human serum, from an REV seronegative blood donor, was used as a
control, and the blot incubated overnight at 4°C.
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After removal of the primary antibody, the blot was washed 3 times for 5 minutes.
using 1% DNFM!PBS. The nitrocellulose paper was removed from the blotting
apparatus, blocked for 2 hours using 5% DNFM!PBS, then incubated with F{RP-antihuman Ig in 1% DNFMIPBS, for 2 hours at 4°C. After washing 3 x 5 minutes with
1% DNFMIPBS, the blot was developed using diaminobenzidine tetrahydrochioride
(DAB) (Sigma)/H202 (Sigma) substrate dissolved in Tris-buffered saline {TBS: 0.05
M Tris (Sigma); 0.145 M NaCl (Sigma), pH 7.61 (2.6).
Figure 2.1 shows gp120 recognition by each serum sample. All the patient sera, with
the exception of patient 1325 contained detectable levels of anti-MV gp120
antibodies. The marked differences in recognition were probably due to differences in
antibody concentration, and antibody affinity for recombinant gpl20.
2.2.2.2

Recognition of Viral Proteins in HIV-Infected Priess Cells

Each serum sample was screened for recognition of H1IV and cellular proteins.
Lysates from day 6-infected Priess cells were prepared (2.5.1.4). 100.tl of sample
buffer {2% SDS; 20% glycerol; 125 mM TrisIHCl pH 6.8; bromophenol blue) was
added to 200 p.1 of the lysate, which was stored at -20°C. For each serum sample,
30p.1 of control and day 6 infected Priess cell extract was run on a 12% SDS-PAGE
mini-gel at 20 mA for 1 hour (2.5.7). The gel was soaked in blotting buffer
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Tris; 40 mM glycine: 1.3 mM SDS; 20% Methanol) and proteins were transferred to
0.45 p.m nitrocellulose extra blotting membrane (Sartorius Ltd., Epsom, Surrey)
(2.6).
The nitrocellulose membrane was blocked using 5% DNFM in PBS, then cut into 8
sections, each containing one lane of control and day 6 infected cell extract. The strips
were incubated overnight at 4°C, with 1:300 dilutions of the patient serum samples,
using a normal human serum control. HRP-anti-hunian Ig diluted in 1% DNFMJPBS
was used as the secondary antibody, and the blots were developed using the
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Fig 2.1

Identification of gp120 antibodies in patient sera

0.5 p.g of recombinant gpl 20 was adsorbed onto nitrocellulose paper
using a 96-well dot blot apparatus. 5 p.1 of each dilution of seven
patient serum samples were blotted, using normal human serum as a
control. HRP-conjugated anti-human IgG was used to detect gpl20specific antibodies.
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DAB/H202 substrate. The Western blots for each patient serum sample are shown on
Figure 2.2. It can be seen that only the 1135, 1154 and 1272 anti-sera specifically
recognised infected cells, with other serum samples showing cross-reactivity with
uninfected cells. The normal human serum control also recognised proteins from
control and infected cells.
The 1272 patient serum was therefore selected for use in immunoprecipitation and
Western blotting assays, although the degree of cross-reactivity made it unsuitable for
immunofluorescence staining of cells. A total of 2 ml of serum was divided into 50

tl

aliquots and stored at -70°C. 1272 was used at a dilution of 1:500 for Western
blotting extracts from HIV-infected and HIV or env-transfected cells. For
immunoprecipitation, 5 tl of a 1:5 dilution of 1272 was used per sample.
2.3 VIRAL ASSAYS

2.3.1 Reverse Transcriptase Assay
This assay quantifies the amount of HIV reverse transcriptase (RT) enzyme present in
the culture supernatant of infected cells, by measuring the amount of 3H-thymidine
triphosphate incorporated into DNA by this enzyme. Culture supernatants were taken
from infected Priess, H9 and M4 and centrifuged at 1300 rpm for 5 minutes to
remove cells. The supernatant was aliquoted and stored at -70°C until ready for use.
5x RT reaction mix (750 mM potassium chloride (Sigma); 50 mM RNase-free
magnesium chloride (Sigma); 50 mM TrisIHCl (Sigma) pH 8; 2.5 mM EGTA
(Sigma); 0.5% Triton X-100 (Sigma); 125 j.tglml BSA (Sigma); 10% deioninzed
ethane diol (Scotlab, Coatbridge, Strathclyde)} was prepared in advance, and stored
at -20°C.
The RI assay was performed in 96 well V-bottomed plates (Costar). For each
sample. 10 p1 of 2.5x RT solution was prepared on ice as follows (in this case to give
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Fig 2.2

Identification of gp120 in HIV-infected Priess cells by patient sera
Control and day 5 infected Priess cells were lysed and samples
separated on 10% SDS-PAGE. Proteins were transferred to
nintrocellulose, then Western blotted with a 1:300 dilution of each
patient serum sample, using normal human serum as a control.
Antibody binding was detected using HRP-conjugated anti-human IgG.
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1000 il of RT solution): 100 .tl of tritiated thymidine triphosphate (3 H-TTP,
Amersham, Slough, UK) was added to 500 .i1 (1/2 volume) of 5x RI mix and 250 jil
(1/4 volume) of DEPC-treated dH20, The 3 H-TTP was stored at -70°C in ethanol.
The ethanol was evaporated from 200 .tl of the 3H-TTP stock using a stream of
nitrogen vapour, to leave 100 jil (1/10 final volume) of 3H-TTP. 25 .il (1/40 volume)
of 200 mM dithiothreitol (DTT, Sigma) and 75 .i1 (1/13.3 volume) of the primer
{poly (rA) oligo (dT) 12-18 base oligo (Pharrnacia Biotech, St. Albans, Herts)) was
also added.
10 l of 2.5x RT solution was added to the bottom of each well. 15 il of the culture
supernatant was added to the side of each well, taking care not to touch the RI mix,
giving a lx solution. Supernatants from uninfected cells and aliquots of media were
used as negative controls, with viral stocks used as positive controls. Neat and 1/3
diluted samples of each culture supernatant were assayed in triplicate. Diluted
supernatant samples were used to reduce the influence of any reverse transcriptase
inhibitors present in the supernatant samples. Outside wells were filled with PBS to
create a humid atmosphere, limiting evaporation of the samples. The plates were
sealed using adhesive 96-well plate covers (Costar), and incubated at 37°C for 48
hours in a humid atmosphere.
After incubation, the RT reaction was stopped using 150 il per well of a 50 ig/m1
yeast RNA (Sigma), 10% trichioroacetic acid (TCA, Sigma) solution, which
precipitated any DNA present. The plate was incubated for 15 minutes on ice, then
harvested onto diethylaminoethlyl ether (DEAE)-impregnated RT filter mats (Wallac
UK, Milton Keynes) using 5% TCA, 3% sodium pyrophosphate, and 70% methanol
respectively, using a Skatron cell harvester (Skatron, Lier, Norway). The mats were
dried for 5 minutes in a microwave then placed into bags. 3 ml of LKB Optisafe
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scintillation fluid (Pharmacia LKB) was added and the bag was heat sealed. 3H-TTP
activity was quantified using a WaIlac 1205 Betaplate liquid scintillation counter.
2.3.2p24Antigen Capture EL ISA
2.3.2.1

Plate Coaling

The p24 antigen capture enzyme-linked immunosorbent assay (ELISA) was
developed by Dr. Robert Walker to detect the p24 core protein in the supernatants of
MV-infected cells. Individual 8-well strips (Costar) were coated with I .tg/well of
sheep anti-p24 capture antibody (AAlto BioReagents Ltd.). This contains a mixture of
3 antibodies recognising amino acids 283-297; 226-237; and 173-188 of HTVBH-10.
100 1.il of a I mg/mi stock of anti-p24 was diluted into 10 ml of coating buffer (150
mM NaHCO3), to give a working concentration of 10 .tg/ml. 100 j.il of the antibody
dilution was added to each well, and the strips incubated overnight at room
temperature. After coating, the strips were washed 6 times with 200 il/well TBS.
Wells were blocked with 200 j.tlJwell 2% DNFM/TBS for 30 minutes at room
temperature. The milk solution was removed, the plates incubated at 37°C until dry,
then stored dehydrated at -20°C for up to I month.
2.3.2.2

ELISA

Anti-p24-coated strips were removed from -20°C storage and allowed to equilibrate
to room temperature. Viral culture supernatants were removed from cells and
centrifuged at 1500 rpm. If necessary, supernatant samples were stored at -70°C
before analysis. Viral particles were lysed using 0.1% Empigen detergent
(Calbiochem), and heat inactivated by incubation at 56°C for 45 minutes. 100 1.11 of
viral lysate was added to each well, and a recombinant p24 calibration curve included.
A 100 .tg/ml stock solution of recombinant baculovirus-derived HIIV p24 (AIDS
Reagent Project) was diluted in complete RPMI culture medium ± 0.1% Empigen to
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give a concentration of 1 ig/m1 p24. Half-log dilutions were used to give a standard
curve of 100, 31.6, 10, 3.16, 1, 0.316, 0.1 nglwell. Control wells containing only
dilution buffer were included to give a background measure of non-specific binding,
and the plates incubated overnight at room temperature.
Strips were washed 4 times with 200 p.1/well washing buffer (0.5% Tween 20 in
TBS). Antigen binding was detected using a biotinylated anti-p24 monoclonal
antibody (AIDS Reagent Project). This was diluted 1:1000 in wash buffer containing
20% FCS, and 100 p.1 added to each well (excluding blanks), and the strips incubated
at room temperature for 2 hours. After binding, the strips were washed 4 times with
200 j.il/well wash buffer. Bound biotinylated p24 was detected using ExtrAvidinPeroxidase (Sigma) diluted 1:4000 in PBS containing 0.05% Tween 20. 100 p.1/well
ExtrAvidin was added, and the strips incubated at room temperature for 1 hour. After
incubation, the strips were washed 4 times with 200 p.1/well wash buffer.
Peroxidase activity was detected using 3,3', 5,5 '-tetramethybenzidine (TMB;
Chemicon International Inc., California, USA). Oxidation of this substrate results in a
blue product. 100 p.1 of TMB was added to each well, including negative controls,
leaving one well blank, and the plate was incubated for 15-30 minutes at room
temperature. The reaction was stopped using 100p.L/well of 1 N H2SO4. This resulted
in production of a yellow diimine terminal oxidation product. Absorbence values at
450 nm were read using a Labsystems Multiskan Bichromatic Reader (Life Sciences
UK Ltd.), and the data was analysed using Labsystems Genesis 2.12 software.
Experimental p24 concentrations were determined by comparison with the standard
curve.
2.3.3 Concentration of Virus from Culture Supernatants
Viral particles were concentrated from the culture supernatants of either HIV-1
infected, or pHIVAenvCAT transfected cells. Supernatants were removed from cells,
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and centrifuged at 1200 rpm for 5 minutes. 500 .t1 aliquots were taken and stored at 70LiC for analysis of soluble gpl2O and p24 levels by ELISA, or reverse transcriptase
levels by RT assay. The remaining supernatant was aliquoted into 1.5 ml
microcentriflige tubes and centrifuged at 5000 rpm for 5 minutes to eliminate cells.
Each supernatant sample was divided into 900 i.il aliquots which were placed in fresh
1.5 ml tubes, and 415 j.tl of polyethylene glycol (PEG) mix (30% PEG, MW 8000
(Sigma); 0.1 M NaCl) was added. The tubes were inverted to mix the solutions, and
then incubated at 4°C on ice, for at least 1 hour. After incubation, virus particles were
pelleted by centrifugation at 13000 rpm for 10 minutes at 4°C. The supernatant was
discarded, with 200 pi kept for ELISA analysis, and the samples spun again. Each
virus pellet was resuspended in 20-35 .tl of Tris/NaC1 buffer (0.05 M Tris, pH 7.0;
0.1 M NaCl), and duplicate aliquots were combined. An appropriate amount of 6x
reducing sample buffer was added to the samples, which were stored at -20°C for
Western blotting.
2.4 REVERSE TRANSCRIPTASE PCR

24.1 Detection of HIV mRTJA by Reverse Transcriptase PCR

The reverse transcription polymerase chain reaction (RT-PCR) was used to detect the
presence of HIV messenger RNA (mRNA) in cells infected with HIV. This allowed
identification of early viral gene expression in infected cell cultures. The presence of
HIV mRNA is a marker for integration and expression of the HIV genome, and
indicates productive infection.
2.4.1.1

RNA Extraction

107 Priess and H9 cells were infected with HIVIIIB virus stock (2.1.3.1). 5 x 106
Pness and H9 cells were taken from control and day 1, 3, 5, 7 and 10-infected
cultures. Cells were pelleted by centrifugation at 1300 rpm for 5 minutes, transferred

to a 1.5 ml microcentrifuge tube, and centrifuged at 13000 rpm for 30 seconds. The
supernatant was removed, and the pellet stored at -70°C
All mRNA extracts were prepared on ice, using the Stratagene Micro RNA Isolation
Kit (Stratagene, Cambridge), and all solutions are described according to the
manufacturer's instructions. In order to gain maximum mRNA yields, each cell sample
was extracted as for 1 x 106 cells. For each cell pellet, 0.72 .tl of 0-mercaptoethanol
was added to 100 gl of denaturing solution (4 M guanidine thiocyanate; 25 mM
sodium citrate; 0.5% sarcosyl) to create Solution D. 10 .tl (1/10th of volume D) of 2
M sodium acetate pH 4.0, 100 pi of water-saturated phenol, and 20

.tl of

chloroform:isoamyl alcohol (1/5th of volume D) were added to the pellet. The tube
was vortexed vigorously, incubated on ice for 15 minutes, then centrifuged at 13000
for 5 minutes.
A.fter centrifugation, two phases were visible, with the lower phase and interface
containing cell debris, protein and DNA, and the upper phase containing RNA. This
was transferred to a sterile RNase-free micro centrifuge tube, and 100 1.il of
isopropanol added. Samples were vortexed, 1 j.ii of carrier glycogen was added, and
the RNA incubated at -20°C for at least 20 minutes. The extracted RNA was pelleted
by centrifugation at 13000 rpm for 30 minutes. The supernatants were removed as
completely as possible, and the pellets washed with 200 iii 75% ethanol:25% DEPCtreated dH20. The samples were spun at 13000 rpm for 10 minutes, and the wash
removed completely. Finally, each sample was resuspended in 20 Al of DEPC-treated
dH20, the RNA content determined, and stored at -70°C.
2.4.1.2

RNA Quantification

RNA samples were quantified by measuring the optical density (OD) at 260 and 280
nm using a Cecil UV and visible Double Beam Spectrophotometer (Jencons
(Scientific Ltd.) Leighton Buzzard, Beds.). 2 l of each RNA sample was diluted into
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750 p1 DEPC-treated dH20, in a I ml quartz cuvette, using 7501l of DEPC-dH20 as

a blank. The dilutions were mixed, and read at each wavelength. The 0D260 tim
value provided a measurement of the quantity of RNA present, whilst the 0D260:280
nm ratio indicated RNA quality. A ratio close to 2:1 shows highly pure RNA, whilst
ratios approaching 1: 1 indicate increasing levels of protein contamination. The RNA
concentration of a sample can be quantified using the following formula:
0D260 x 375 (dilution factor) x 40* = RNA pg/pl
1000
*1.0 0D260 units of single stranded RNA =40 jig/nil

2.4.1.3

cDNA Synthesis

The ExpandTm Reverse Transcriptase (Boehringer Mannheim, Lewes, East Sussex)
protocol was used to synthesise single strands of complementary DNA (cDNA) from
mRNA. In 0.5 ml microcentrifuge tubes, 3 pg of RNA from each sample was added
to variable volumes of DEPC-dH20, depending on the RNA concentration, to give a
final volume of 7.5 p1. 1 pt of oligo (dT) primer was added, and the samples were
denatured for 10 minutes at 65°C. After denaturing, the RNA samples were cooled on
ice, and the following reagents were added, in order, to each tube: 4 p1 of 5x Expand
RT buffer (250 mM TrisfHCl; 200 mM KC1; 25 MM MgC12; 2.5% Tween 20; pH
8.3); 2 p1 of 100 mM dithiothreitol (DTT); 4 p1 dNTPs

f

mM dATP; 1 mM dCTP;

1 mM dGTP; 1 mM dTTP}; 0.5 p1 (40 units/pi) RNase inhibitor; 1 pl ExpandTm
Reverse Transcriptase {50 units/pl}. The final reaction volume of 20 p1 was then
incubated at 42°C for 1 hour on a Techne GeneE PCR machine (Techne, Cambridge).
If necessary, cDNA samples were stored at -20°C before proceeding with primary
PCR amplification.
2.4.1.4 Primary PCR amplification of HIV cDNA
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HIV mRNA expression was detected by primary amplification using the sense primer
NARS (Oswell, Southampton): CTC TAG CAG TGG CGC CCG AAC AGG G,
which aligns to position +173 on the HIIV genome, and the antisense primer 534A:
CTA TGA TTA CTA TGG ACC AC, which aligns to position +5725. Splicing events
along the HIV genome resulted in the amplification of a 215 base pair primary PCR
product. Amplification of -actin cDNA was used as an internal control to ensure the
quality of the original RNA preparation. -actin was amplified using the sense primer
(+1231-1260): TGA CGG GGT CAC CCA CAC TGT GCC CAT CTA, and the
antisense primer (+1876-1905): CTA GAA GCA UT GCG GTG GAC GAT GGA
GQG. This resulted in a 661 base pair primary amplification product.
Primary amplification of eDNA was performed using the Taq DNA Polymerase
protocol (Promega, Wisconsin, USA). Stock reaction mixtures were prepared for the
FIIV and f3-actin PCR reactions. For each sample, the I-fly stock solution contained:
13.5 .t1 of DEPC-treated dH20; 2 121 of lOx Thermophilic reaction buffer (500 MM
KC1; 100

m Tris/HC1 pH 9.0; 1% Triton X-100); 0.2 pJ of 3.3 mM dNTPs;

0.5 .t1

of 25 1iM NARS sense primer; and 0.5 t1 of 25 [LM 534A antisense primer. Just
before use, 0.3 j.il of 5 U/j.il stock Taq DNA polymerase for each sample was added
to the reaction mixture. 17 i1 of the stock solution was added to 3 Ill of each cDNA
preparation in 0.5 ml PCR tubes (Alpha Laboratories). The samples were overlaid
with liquid paraffin, vortexed, then spun at 13000 rpm for 30 seconds. Primary
products were amplified by incubation for 30 cycles of 25 seconds at 94°C; 35
seconds at 55°C; 2.5 minutes at 68°C; and I cycle of 7 minutes at 68°C, using a
Techne GeneE. An aliquot of the stock solution was included in the PCR as a
contamination control.
The -actin stock solution contained, for each sample: 14.7 121 of DEPC-treated
dH20; 2 tl of lOx Thermophilic reaction buffer; 0.2 il of 3.3 mM dNTPs; 0.4 1.11 each
of 25 j.tM sense and antisense primers; and 0.3 jil Taq DNA polymerase. 18 121 of the
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stock solution was added to 2 jil of eDNA. Samples were overlaid with paraffin,
vortexed, centrifuged and amplified by incubation for 1 cycle of 5 minutes at 94°C and
5 minutes at 60°C; 35 cycles of 1.5 minutes at 72°C; 45 seconds at 94°C; 45 seconds
at 60°C; and 1 cycle of 10 minutes at 72°C, using a Techne GeneE. If necessary,
primary PCR products were stored at -20°C before analysis.
2.4.1.5 Agarose separation ofprimwy PCR products
Primary PCR products were resolved by electrophoresis on 1.2% agarose gels. 3.6 g
agarose (Flowgen, Lichfield, Staffs) was added to 300 ml of TBE buffer {89 MM
Iris-borate; 2 mM EDTA pH 8.01 and dissolved by boiling for 5 minutes in a
microwave. 9 il of ethidium bromide (10 mg/ml) was added, and the gel allowed to
cool before pouring. 10 .tl of each PCR product was loaded onto the gel, with 10 .tl
of a 40 p.g/ml stock solution of P-GEM DNA molecular weight markers (Promega),
included in each row. The gel was electrophoresed at 150V for 1 hour using TBE
running buffer, and DNA bands were visualised using a UV transilluminator (Vilber
Lourmat, Marne La Vallee, France). Photographs were taken using Polaroid ISO
3000 black and white print film (type 667, Sigma).
2.5 METABOLIC LABELLING
2.5.1 Metabolic Labelling and Pulse Chase Analyses

Metabolic labelling experiments on control and HIV infected or transfected cells,
combined with pulse chase analyses were used to study the processing of newly
synthesised class H molecules, and if this was affected by the presence of HIV
proteins. The procedure described here formed the standard protocol. Modifications
to allow optimisation of this protocol for examination of different cell types and
proteins are described in 2.2.5.2-6. Individual experimental conditions, such as cell

numbers, the antibodies used for immunoprecipitation, and SDS-PAGE gel
concentrations are given in the relevant results sections
2.5.1.1

Preparation of Cells

Priess and H9 cells were grown and infected with HIVInB (2.1.3). Metabolic labelling
experiments were performed at varying time points after infection. On the day before
analysis, non-adherent Priess and H9 cells were split and fed with fresh medium so as
to ensure maximal metabolic activity. For adherent cells such as M4), COS, and CHODR cells, it was necessary to prepare the cells in advance, by seeding them at suitable
densities in an appropriate number of flasks.
For experiments where only one time point was required, adherent cells were seeded
into 75 cm2 tissue culture flasks. Mo were analysed at set times after infection,
outlined for each experiment. Untransfected COS and CHO-DR cells were analysed
when approximately 90% confluent. Transfected COS and CHO-DR cells were
analysed at 65 hours post-transfection. Where multiple time points were required,
cells were seeded into 25 cm2 tissue culture flasks, with one flask set aside for each
time point. In transfection experiments, COS and CHO-DR cells were grown and
transfected in 60 mm tissue culture dishes (Corning), with one plate per time point.
2.5.1.2

Radiolabelling

Non-adherent Priess and H9 cells were placed into 50 ml polypropylene centrifuge
tubes (Corning), washed in PBS, then resuspended in 10 ml of PBS. 50 .tI of cell
suspension was diluted in 50 1.il of 0.4% Trypan Blue stain (Sigma), and counted
using a haemocytometer. Live cell numbers were determined by Trypan Blue
exclusion. For each cell line, approximately 1.2 x 107 viable cells were removed,
centrifuged at 1300 rpm, and resuspended in 5 ml of methionine- and cysteine-free
prepulse medium {RPMI

1640 medium without arginine, cysteine, leucine,
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methionine, inositol, glucose and glutamine (GibcoBrl), supplemented with lx amino
acids (GibcoBrl): 240 .tg/m1 L-arginine; 50 j.tg/ml L-leucine; 35 tg/rnl i-inositol; 2
mg/mi glucose; 300 jigJm1 L-glutamine; and 2.5% dialysed foetal calf serum
(Sigma)). Adherent M4 were washed twice with PBS, then incubated in 2 ml of
prepulse per 25 cm2 flask or 5 ml per 75 cm2 flask, for 30 minutes at 37°C.
After cysteine and methionine starvation, non-adherent cells were centrifuged at 1300
rpm for 5 minutes, transferred to 30 ml universal tubes, and resuspended in 2 ml of
prepulse medium containing EasyTagTm Express 35 S- Protein Labelling Mix (73%
35 S-methionine,

22% 35 S-cysteine (NEN Research Products, Du Pont, Stevenage,

Herts)), amounting to between 100 and 200 1.iCi for each time point. For pulse-chase
experiments, non-adherent Priess and H9 cells were labelled for 30 minutes. In M4)
experiments, the prepulse was removed and replaced with I ml per flask of prepulse
per flask containing 100-200 1.tCi 35 S-methionine/cysteine. 75 cm2 flasks were
incubated with 100-200 1.tCi 35 S-methionine/cysteine in 4 ml of prepulse medium.
2.5.1.3

chasing

After a 30 minute pulse, Priess and H9 cells were washed twice with PBS, and one
aliquot of approximately 3 x 106 cells was taken and lysed immediately (2.5,1.4). The
remaining 9 x 106 cells were resuspended in 15 ml (5 ml per time point) of chase
medium containing 5x unlabelled cysteine and methionine (300 ig/ml di-sodium
cysteine; 75 p.tg/ml L-methionine in RPMT 1640 complete medium). Each 25 cm 2
flask of M was washed twice with PBS, one flask was taken for zero minutes of
chase, and the remaining flasks incubated with 5 ml per flask of chase medium. 75
cm2 flasks were incubated with 10 ml of chase medium. Aliquots were taken for lysis
at 30-240 minutes of chase.
2.5.1.4

Lysale Preparation

MM

For each time point, 5 ml of non-adherent cell suspension was removed and diluted
with approximately 20 ml of PBS. The cells were pelleted, then washed with 20 ml of
PBS. For M4, the chase medium was removed, and the cells washed twice with PBS.
Priess and H9 cell pellets were lysed on ice in 600 p1 of TBS/NP-40 lysis buffer 15
mM ethyleneglycol-bis (3-aminoethyl ether) N,N,N,N'-tetraacetic acid (EGTA); 2
mM magnesium chloride; 0.5% Nonidet P40 (NP-40, Sigma) in TB S), containing lx
protease inhibitors (50 mM leupeptin; 10 mM chymostatin; 10 mM pepstatin
(Sigma)). M4 were lysed on ice with 600 p1(25 cm 2) or 1.5 ml (75 cm2 lysis buffer
)

containing 2x protease inhibitors, to prevent protein degradation by the high
concentration of proteolytic enzymes in these cells. The cells were then resuspended
using cell scrapers (Greiner).
Cell extracts were transferred to 1.5 ml microcentrifuge tubes and incubated on a
shaker for 20 minutes at 4°C. The lysates were clarified by centrifugation at 13000
rpm for 10 minutes at 4°C. Supernatants were transferred to fresh microcentrifuge
tubes and precleared by incubation with 50 p1 of a 1:1 PBS suspension of 10%
Pansorbin®

(Staphylococcus aureus protein A cells) and 10% Omnisorb®

(Streptococcus sp. protein G cells) (Calbiochem, Beeston, Nottingham). This
removed any endogenous antibodies or proteins which might non-specifically bind to
the protein A or G-coated sepharose beads used for immunoprecipitation. The
extracts were shaken with PansorbinlOrnnisorb for 1 hour at 4°C, then centrifuged at
13000 rpm for 5 minutes at 4[]C. Clarified cell extracts were transferred to fresh 1.5
ml microcentrifuge tubes and immunoprecipitated.
2.5.1.5

Immunoprecipitation

Each cell extract sample was divided into equal aliquots, the volume of these
depending on the number of monoclonal antibodies used. In general, each time point
was immunoprecipitated with the anti-class H antibody culture supernatants DA6.23 1,
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anti-class I (W632), and purified anti-invariant chain (CD74). Antibody
concentrations are given in 2.2.1. Cell extracts were incubated with the antibodies
overnight at 4°C on a shaker.
After overnight incubation, 50 .il of a suspension of Protein G Sepharose beads
(Pharmacia Biotech) was added to each of the samples (2.5.1.6), which were then
incubated on a shaker for 1 hour at 4°C. After antibody-protein G binding, the beads
were centrifuged at 13000 rpm for 30 seconds, and the supernatant removed. Samples
were washed twice with 1 ml of 1% Triton X-100 (Sigma)/TBS buffer, once with I
nil of TBS, and finally with I ml of 50 mM Tris pH 6.8 salt-free buffer. After the final
wash, the beads were centrifuged at 13000 rpm for 60 seconds and all liquid removed.
Each sample was resuspended in 75 ii per tube of SDS sample buffer 12%' SDS; 20%
Glycerol; 0.625 M Tris pH 6.8; bromophenol blue; in dH20}, and stored at -20°C.
2.5.1.6 Preparation ofProtein G Sepharose Beads
Protein G Sepharose® 4 Fast Flow beads (Pharmacia Biotech) were stored at 4°C as a
slurry in 20% ethanol preservative. For immunoprecipitation, 20 i.tl of the stock bead
slurry was taken for each sample and centrifuged at 13000 rpm for 30 seconds. The
ethanol preservative was removed, and the beads washed once with I ml of 20 MM
sodium phosphate buffer (I litre of 20 mM buffer: 1.1 g of sodium dihydrogen
orthophosphate 1-hydrate (NaH2PO4.H20); 1.62 g of di-sodium hydrogen
orthophosphate 2-hydrate (Na2HPO4.2H20) pH 7.01. After centrifugation, the stock
bead slurry settled to approximately half the original volume. The protein G sepharose
beads were resuspended in 40 tl per sample sodium phosphate buffer to give a final
volume of 50 j.il of beads per sample.
2.5.2 Detergent Selection
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A number of different detergents were investigated for their suitability as lysing
agents. The ability of each detergent to solubilise complexes of different proteins, for
example class H molecules associated with invariant chain precipitates, was examined.
This would be relevant for attempts to isolate class 11-associated HIV envelope
glycoproteins. In a study on the associations between class I molecules and the TAP
transporter (Sadasavan et al., 1996), digitonin was used to isolate protein complexes,
which could not be maintained using NP-40.
Nonidet P40 (NP-40) (ICN) is a nonionic detergent widely used for precipitating
various proteins and glycoproteins. Triton X-100 (t-octylphenoxypolyethoxyethanol,
Sigma) is a non-ionic surfactant used in the recovery of membrane proteins under
non-denaturing conditions. Digitonin (C56H92029, Sigma) is a glycosidic 'surfactant,
often used to solubilise membrane proteins. CHAPS {(3-[(3-cholamidopropyl)
dimethylammonio]- I -propane-suiphonate; C32H58N207, Sigma} is frequently used
for solubilisation of membrane proteins prior to electrophoresis as this detergent
generally does not denature proteins. MEGA-8 (octanoyl-N-methyl-glucamide,
C16H33N06)

is a non-ionic detergent designed for use as a membrane protein

so lubiliser.
I X 107 Priess and H9 cells were starved for 30 minutes, then labelled for 3 hours with
2.5 ml of prepulse containing 500 pCi 35 S-cysteine/methionine. After pulse labelling,
the Priess and H9 cells were split into 5 equal aliquots and washed twice with PBS.
Individual lysis buffers containing Ix protease inhibitors were prepared (2.5.1.4),
containing a final concentration of 1% detergent. Aliquots of Priess and H9 cells were
lysed with 500 .il of each buffer. Lysates were clarified and precleared (2.5.1.4), and
each extract sample divided into two equal aliquots. These were incubated with
DA6.23 I or CD74 and immunoprecipitated using protein G sepharose beads. NP-40
and Triton X-100 samples were washed twice in TBS containing 1% Triton X-100.
Digitonin. CHAPS and MEGA-8 samples were washed twice with TBS buffer
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containing 1% Digitonin. All samples were washed once with TBS, and once with 50
mM Tris pH 6.8, then resuspended in 75 tl of sample buffer. The samples were
heated to 80°C for 3 minutes, then separated by 12% SDS-PAGE (2.5.7).
Class H and CD74 precipitates from Priess cells are shown on figure 2.3. The whole
autoradiograph was shown to give an indication of the distribution of proteins
throughout the gel. In other figures, only the areas of interest are shown. For class II
and invariant chain, there was no significant difference between class II and invariant
chain molecules precipitated from cells lysed with NP-40, Triton X-100, digitonin or
CHAPS, although class II molecules precipitated from cells lysed with CHAPS
showed a greater proportion of breakdown products. It was not possible to
precipitate any class H molecules from MEGA-8 extracts, and the levels of
precipitated invariant chain molecules were greatly reduced. Class H and invariant
chain complexes were isolated from all detergent extracts except MEGA-8. Class II
a and 13 chains, and the p41 form of invariant chain were seen in both DA6.23 I and
CD74 precipitates. Most importantly, dimers and trimers of class II and invariant
molecules were seen in all positive samples. An additional band of approximately 60
kDa was observed in the DA6.23 1 digitonin precipitate that was not seen in any of the
other detergent preparations. This band may represent a complex between class H
molecules and either invariant chain, or a cellular chaperone protein.
Figure 2.4 shows precipitation of class H and invariant chain molecules from H9 cells.
In parallel with the experiment in Priess cells, no difference was seen between NP-40,
Triton X-100, digitonin or CHAPS lysates, and no bands were seen in MEGA-8
extracts. Lysing with all detergents except MEGA-8, permitted the isolation of
invariant chain-associated class H molecules.
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Fig 2.3

Immunoprecipitation of class H and invariant chain from Pness
cells using various detergents
I x 10' Priess cells were labelled with

3SS cys

teine/methi onine for 3

hours, then lysed in 500 p.1 of buffer containing 1% detergent. The
detergents used were: NP-40; Triton X-100; digitonin; CHAPS; and
MEGA-8. Lysates were split and immunoprecipitated with either the
DA6.23 I anti-class II, or CD74 anti-invariant chain antibodies.
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Fig 2.4

Immunoprecipitation of class II and invariant chain from H9 cells
using various detergents
1 x 10' H9 cells were labelled with 35S-cysteine/methionine for 3 hours,
then lysed in 500 p.l of buffer containing 1% detergent. The detergents
used were: NP-40; Triton X-100; digitonin; CHAPS; and MEGA-8.
Lysates were split and immunoprecipitated with either the DA6.23 I
anti-class H, or CD74 anti-invariant chain antibodies.
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Z 5.3 Comparison between NP-40 and Digitonin
NP-40- and digitonin-mediated lysis of HIVIIm infected Priess and H9 cells was also
compared. NP40 was chosen as it was one of the most commonly used detergents
for membrane protein solubilisation. Digitonin was examined for two main reasons.
The first was that in class II precipitates from digitonin-lysed Priess cells (figure 2.3),
an additional band was present, not seen with any of the other detergents. In addition,
digitonin has been used to isolate complexes of class I and TAP molecules (Sadasavan
et al., 1996), and might be more suitable for the isolation of class II-associated viral
proteins.
Approximately 9 x 106 control and day 5 infected Priess and H9 cells were prepulsed
for 30 minutes, then labelled with 500 j.iCi each of 35 S-cysteine/methio nine. At 30,
120 and 240 minutes of pulse labelling, samples of cells were taken and washed twice
with PBS. Each sample was split into two equal aliquots, and lysed with buffer
containing either 0.5% NP-40 or 0.5% digitonin. Extracts were precleared, then
incubated with either DA6.23 I or CD74. After immunoprecipitation with protein G
sepharose, immune complexes from NP-40 lysates were washed twice with 1% Triton
X-100 in TBS, whilst digitonin-lysed samples were washed with 1% digitonin in TBS.
Samples were resuspended in 75 pfl of sample buffer and stored at -20°C before use.
After incubation for 3 minutes at 80°C, 50 p.1 of each sample was analysed on 12%
SDS-PAGE.
DA6.23 I immunoprecipitates from NP-40- and digitonin-lysed control and day 5
infected Priess cells are shown on figure 2.5. There was no difference between class II
molecules isolated from NP-40 or digitonin extracts prepared from control or HIVinfected cells. In all samples, the relative proportions of class H a to

P chains were the

same, as were the amounts of class H/invariant chain complexes. In addition, no novel
bands were seen in the infected, compared to the control extracts which might
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Fig 2.5

Immunoprecipitation of class II from control and infected Priess
cells using NP-40 or digitonin
9 x 101 control or day 5 infected Priess cells were labelled with 35Scysteme/methionine for 30, 120 or 240 minutes, then lysed in 500 t1 of
buffer containing 0.5% NP-40 or digitonin. Lysates were split and
immunoprecipitated with DA6.23 1 anti-class H.
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represent class H associated viral proteins. Figure 2.6 shows invariant chain molecules
precipitated from control and infected Priess cells. As with DA6.23 1 precipitates,
there were no significant differences between control or infected cells lysed with
either digitonin or NP-40. The triplet of bands observed in the NP-40 control sample
after 240 minutes of labelling was likely to be a non-specific background effect, as this
has been observed a number of times in unrelated samples. Immunoprecipitation with
CD74 from both NP-40- and digitonin-lysed cells also led to the co-precipitation of
class 1113-chain in equivalent amounts.
Immunoprecipitation of invariant chain from control and infected H9 cells lysed with
NP-40 or digitonin is shown on figure 2.7. Invariant chain-class H complexes were
seen in control and infected extracts prepared with either NP-40 or digitonin. Class II
13-chain molecules were not seen, however it may be that the levels were too low to
allow detection. A very faint band, probably representing the 13-chain can be detected
in the control samples in NP-40 and digitonin extracts, however this is not clearly
visible.
On the basis of this data, NP-40 was selected for preparation of cell extracts in
metabolic labelling and Western blotting experiments, as none of the other commonly
used detergents improved the isolation of class II molecules complexed with other
proteins.
2.5.4 Modification of Labelling Time
The standard metabolic labelling protocol (2.5.1), was optimised for each cell line, to
obtain the best data from each experiment. Having established the best detergent for
preparation of cell extracts, it was necessary to ascertain the minimum pulse time that
would allow visualisation of the newly synthesised proteins of interest. Shorter pulse
times enable examination of early processing events.
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Fig 2.6

Immunoprecipitation of invariant chain from control and infected
Priess cells using NP-40 or digitonin
9 x 10' control or day 5 infected Priess cells were labelled with 35Scysteine/methionine for 30, 120 or 240 minutes, then lysed in 500 pi of
buffer containing 0.5% NP-40 or digitonin. Lysates were split and
immunoprecipitated with CD74 anti-invariant chain.
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Fig 2.7

Immunoprecipitation of invariant chain from control and infected
H9 cells using NP-40 or digitonin
9 x 10' control or day 5 infected H9 cells were labelled with 35Scysteine/methionine for 30, 120 or 240 minutes, then lysed in 500 Al of
buffer containing 0.5% NP-40 or digitonin.. Lysates were split and
immunoprecipitated with CD74 anti-invariant chain.
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2.5.4.1

Pulse Labelling

I x 107 uninfected Priess and H9 cells, and four confluent 25 cm2 flasks each of M4)
or CHO-DR cells were used in this experiment. Priess and H9 cells were labelled with
500 .tCi 35S-cysteine/metbionine in 4 ml of prepulse. M and CHO-DR cells were
labelled with 125 j.tCi per flask 5 S-cysteine/methionine in 2 ml of prepulse. The cells
were pulsed for 30, 60, 120 and 180 minutes. At each time point, I ml aliquots of
Priess and H9 cells were removed and washed twice in PBS, then lysed on ice with
500 j.il of lysis buffer. One 25 cm2 flask each of M4 and CHO-DR cells was washed
twice with PBS. The M were lysed with lysis buffer containing 2x protease
inhibitors. CHO-DR cells were lysed with gp160 lysis buffer (2.5.6). M4 extracts
were immunoprecipitated with DA6.23 I class II and W632 class I antibody
supernatants, and the CD74 purified invariant chain antibody. Priess and H9 extracts
were immunoprecipitated with DA6.23 I and CD74, and extracts from CHO-DR cells
were immunoprecipitated with DA6.23 1.
2.5.4.2

Selection of labelling times

Figure 2.8 shows the labelling of class II and invariant chain molecules in Priess and
H9 cells over time. By 30 minutes of pulse, it was possible to detect all class II and
invariant chain bands in both Priess and H9 cells. Although the DA6.23 1 signal was
very weak in H9 cells at this time point, it did not improve significantly with longer
pulse times. 30 minutes was therefore taken as the standard pulse labelling time for
experiments involving Priess and H9 cells. Labelling of M4 class I, class II and
invariant chain molecules is shown on figure 2.9. After a 30 minute pulse, both
invariant chain and class I molecules can be seen on the autoradiograph. In contrast,
newly synthesised class II molecules were not clearly visible until 60 minutes of
labelling. For this reason, M4) were labelled for 60 minutes in all experiments.
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Fig 2.8

Comparison of labelling times in Priess and 119 cells for
precipitation of class II and invariant chain
1 x 10 Priess (A) or H9 (B) cells were labelled with 35Scysteine/methionjne for 30, 60, 120, or 180 minutes, then lysed in 500
j.tl of buffer containing

0.5% NP40. Lysates were split and

immunoprecipitated with DA6.23 1 anti-class II or CD74 anti-invariant
chain.
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Fig 2.9

Comparison of labelling times in macrophages for precipitation of
class I, class H and invariant chain
4 x 25 cm2 flasks of M4 were labelled with 35S-cysteine/methionine for
30, 60, 120, or 180 minutes, then lysed in 500 ml of buffer containing
0.5% NP-40. Lysates were split and inimunoprecipitated with W632
anti-class I, DA6.23 1 anti-class II or CD74 anti-invariant chain.
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Figure 2.10 shows labelling characteristics of class H molecules in CHO-DR cells.
These cells expressed large quantities of class H molecules, and there was a strong
signal even at 30 minutes of pulse, indicating high metabolic activity. In CHO-DR
transfection experiments, a 45 minutes pulse-label was used when isolation of gp 160
and gp120 was the aim, as the amounts of the envelope glycoprotein in transfected
cells were low, and it was necessary to maximise the signal2 5.5 gpI6O Protein Labelling and Immunoprecipitation
The standard metabolic labelling protocol (2.5.1) was modified to allow isolation of
radiolabelled HIV gplóO and gp120 envelope proteins from env-transfècted COS and
CHO-DR cells. In CR0-DR cells, this protocol was used to isolate class It molecules
from control and transfected cells, so that both class II and env glycoproteins could be
immunoprecipitated from the same transfection. COS and CHO-DR cells were
investigated after transfection with either the control pEV3 or the

em' pSRHS

plasmids alone, or cotransfected with the pHI VAenvCAT plasmid.
At approximately 65 hours post-transfection, culture supernatants were removed from
60 mm tissue culture plates containing control or transfected COS and CHO-DR
cells, transferred to 1.5 ml microcentrifuge tubes, and stored at -20°C for analysis by
gpl2O ELISA (2.8.5). Cells were washed twice with PBS, and incubated with 2 ml of
prepulse for 30 minutes. The cells were pulsed for approximately 45 minutes with I
ml of prepulse containing 100-200 pCi 35 S-cysteine/methionine per plate, washed
twice with PBS, and incubated with 2 ml of appropriate chase medium for up to 4
hours. COS cells were incubated with complete DMIEM containing 5x cysteine and
methionine, and CR0-DR cells were chased with complete CR0-DR medium
containing 5x cysteine and methionine.
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Fig 2.10

Comparison of labelling times in CHO-DR cells for precipitation
of class II
4 x 25 cm2 flasks of CHO-DR cells were labelled with 35S-

cysteine/rnethjonjne for 30, 60, 120, or 180 minutes, then lysed in 500
ml of buffer containing 0.5% NP-40, 0.5% sodium deoxycholate and
0.1% SDS. Lysates were split and immunoprecipitated with DA6.23 I
anti-class II.
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At various time points (given for each experiment), cells were lysed on ice using 500
p.l ofgpl6O lysis buffer { 1% NP-40; 0.1% SDS; 0.5% sodium deoxycholate; in PBS}
containing lx protease inhibitors. Sodium deoxycholate is a detergent which is
commonly used to make membrane proteins water soluble. Env glycoproteins could
not be isolated using the standard lysis buffer (2.5.1.4), so this detergent was used to
facilitate isolation of gp160 and gp120. SDS was included as a denaturing agent to
allow the exposure of all possible antibody epitopes on the envelope glycoprotein,
giving the maximum signal after pulse labelling and immunoprecipitation. The cells
were removed from the tissue culture dish using cell scrapers, and extracts transferred
to 1.5 ml inicrocentrifuge tubes. Cell lysates were clarified, precleared and
immunoprecipitated (2.5.1.4-6). In general, CHO-DR cells were precipitated using
either the DA6.23 1 or L243 monoclonal antibody supernatants, and both COS and
CHO-DR cells were precipitated using the 1272 human HIV anti-serum.
After overnight incubation with antibody at 4°C, and a 1 hour incubation with protein
G sepharose beads, immune complexes were washed three times with PBS containing
1% NP-40 and 0.1% SDS, and once with 50 mM Tris/HC1 pH 6.8. After the final
wash, samples were resuspended in 75 p.1 of lx reducing sample buffer and stored at 20°C. Immunoprecipitates were resolved on 8% SDS-polyacrylamide gels (2.5.7).
25.6 Endoglycosidase H Digestions
The endoglycosidase H (endo H) enzyme was used to compare the kinetics of Golgi
processing of newly synthesised class II molecules synthesised by HIV-infected Priess
and H9 cells, or gp 1 60-transfected CHO-DR cells. Priess and H9 cells were infected
(2.1.3), and at day 8, a pulse chase experiment was performed, and class [1 molecules
immunoprecipitated (2.5.1). CHO-DR cells were transfected with the HIV envexpression plasmid pSRHS (2.8.3).
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After inimunoprecipitation, beads were pelleted by centrifugation at 13000 rpm for 30
seconds, and all liquid removed. Immune complexes were eluted from the protein G
sepharose beads by incubation at 950C for 5 minutes in 35

jtl

of elution buffer {50

mM Iris; 1% SDS}. The beads were pelleted by centrifugation at 13000 rpm for 1
minute and the supernatants transferred to fresh 1.5 ml microcentriflige tubes. The
process was repeated using 35 il of elution buffer, and the two eluates were
combined to give a final volume of 70 pl. 7 Al of 1 M sodium citrate pH 5.5 was
added to each sample to give a final concentration of 0.1 M sodium citrate. Each
sample was then divided into two equal aliquots which were placed into 1.5 ml
microcentriflige tubes.
5 p l of a 1 Unit/ml solution of endo H (ICN, Ohio, USA) dissolved in 0.1 M sodium
citrate buffer, was added to one aliquot from each sample. One unit of endo H
hydrolyses 1 p.M of H)-dansyl-Asn (G1cNAc)2Man5 per minute at 37°C. 5 p.1 of 0.1
(3

M sodium citrate was added to the control aliquot from each sample, and the samples
were digested for 5 hours at 37°C. After digestion, 15 p.l of reducing sample buffer
was added to each of the samples, which were stored at -20°C. Samples were heated
to 70°C for 5 minutes, before analysis on 12% SDS-PAGE (2.5.7). Control and endo
H-treated samples were run alongside each other on the gel, for direct comparison.
25.7 SDS-Polyacrylamide Gel Electrophoresis
Radiolabelled proteins were analysed by sodium dodecyl sulphate-polyacrylaniide gel
electrophoresis (SDS-PAGE). SDS is an anionic detergent denatures proteins, giving
them an overall negative charge. Smaller proteins have a proportionally larger
negatively charged surface area and lower resistance to movement, therefore lower
molecular weight proteins migrate at a thster rate through the gel. In general,
radiolabelled proteins were separated on 16.5 x 22 cm x 1.5 mm large (30 ml) gels.
Proteins for Western blotting were run on 11.3 x 9.8 cm x 1.5 mm small (7.5 ml) gels.
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Gels were cast using 1 cm wide, 1.5 mm thick spacers combined with 1.5 mm thick
gaskets (CBS Scientific Ltd., Middleton, Manchester).
Different concentrations of acrylainide were used, depending on the size of the
proteins under investigation. Large proteins, such as the HIV envelope glycoproteins
gp 160 and gp 120 were separated using 8% acrylamide gels. Smaller proteins, such as
class II or invariant chain were separated using 10-12% gels. In cases where there
was a need for visualisation of proteins of greatly different sizes within the same
sample, sucrose density gradient gels were used. The combination of a heavy, high
percentage gel with a light, low percentage gel enabled the separation high and low
molecular weight proteins such as those found in class I molecules. Gradient gels
were also used for the separation of whole HIV extracts where protein sizes ranged
from 160 kDa to 24 and 17 kDa.
2.5.7.1

Preparation of Resolving Gels

Large, 30 ml resolving gels were prepared as described in Current Protocols in
Immunology, section 8.4: 30 %: 1.034 % acrylamide:bis acrylamide (EASIgeL
Scotlab) and dH20 were combined in a 50 ml polypropylene centrifuge tube
(Coming). The relative amounts of dH20 and 30% acrylamide added were dependent
on the desired gel concentration. For large gels, 8 ml of 30% aciylaniide was added to
give a final resolving gel concentration of 8%. whilst 10 ml was used for 10% gels
etc. The amount of water added was adjusted to the acrylamide volume to give a total
volume of 11.25 ml. 7.5 ml of 4x resolving buffer {1.5 M Tris/HC1 pH 8.8; 14 mM
SDS} were added, and just before use, 100 .t1 of 100 mg/mI ammonium persuiphate
(Sigma) and 20 i.tl of TEMED (N,N,N',N'-tetramethyl ethylenediamine, Sigma) were
added, the gel was cast, and allowed to polymerise for at least 90 minutes. The gel
was overlaid with 70% ethanol to give a level interface, and to prevent gel drying and
shrinking after polymerisation.
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Small, 7.5 ml resolving gels were prepared by combining dH20 and 30% acrylamide
to give a volume of 5.626 ml. In this case an 8% resolving gel was composed of 2 ml
of acrylamide and 3.625 ml of dH20. whilst 2.5 ml of acrylamide was used to prepare
10% gel, etc.. 1.875 ml of 4x resolving buffer was then added. Just before use, 25 .d
of 100 mg/ml ammonium persuiphate (Sigma) and 5 .il of TEMED were added and
the gel was cast.
2.5.7.2

Sucrose Density Gradient Gels

For resolving immunoprecipitated class I molecules, a density gradient gel of 10-15%
acrylamide was used to visualise proteins ranging from —6-100 kDa. Radio labelled
immunoprecipitates from ITV-infected and -transfected cells were resolved on 8-15%
gradient gels, whist extracts from these cells were resolved on 6-15% mini-gradient
gels for Western blotting. The light gel solutions were prepared as described above.
As the two gel solutions were combined to make a single resolving gel volume, the
quantities in the light and heavy gel recipes were halved. 15% heavy sucrose gels
were prepared as follows: 7.5 ml of 30% acrylamide were added to 2.5 ml of dH20 in
a 30 ml universal tube. The solution was kept on ice to prevent polymerisation of the
acrylamide. 2.25 g of sucrose (Sigma) was added and the solution mixed by inversion.
When the sucrose was fully dissolved. 3.75 ml of resolving buffer and 50 41 of 100
mg/ml ammonium persulphate were added.
Just before use, 10 .il of TEMED was added to the light and heavy gel solutions. The
light solution was added to the reservoir chamber of a 20 ml gradient maker (CBS
Scientific Ltd.) with the interconnecting valve closed. The heavy solution was poured
into the mixing chamber, and a small amount allowed to flow into the gel sandwich.
The interconnecting valve was opened and the light and heavy gel solutions allowed
to mix. The gel was poured down one side of the gel sandwich, to allow a smooth
gradient to form along the width of the gel. The gradient was overlaid with 70%
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ethanol and allowed to polymerise for at least 1 hour. Mini gels were cast in the same
way, although only 4 ml of each gel solution was added to the gradient maker.
2.5.7.3

Stacking gels

When the resolving gels were fully polymerised, stacking gels were poured. Large gel
stacks were cast using a 16 well 1.5 mm comb, whilst small gel stacks were cast using
a 10 well 1.5 mm comb (CBS Scientific Ltd.). The stacking gel solution was prepared
by combining 650

j.il

of 30% acrylamide (giving a final concentration of 4%); 1.25 ml

of stacking buffer {0.5 M Tris/HC1 pH 6.8; 14 mM SDS}; and 3.05 ml of dH20. In
general, the same stacking gel volume was prepared for both 30 ml and 7.5 ml gels.
Just before use 25 .il of 100 mg/ml ammonium persuiphate and 5 .il of TEMED were
added and the gel was poured using a pasteur pipette. Care was taken to avoid
formation of bubbles in the wells, which disrupted the running of the proteins through
the gel. The stacking gel was allowed to polymerise for 15-30 minutes before samples
were loaded, however it was not left for longer than 2 hours due to pH changes in the
interface between the stacking and resolving gels.
2.5. 7.4

Electrophoresis

After polymerisation, the comb was removed, and the wells washed with running
buffer {25 mM Tris; 200 mM glycine; 0.05% SDS}, to remove any unpolymerised
stacking gel. The clamps and sealing gasket were removed from the gel sandwich
which was then attached to a dual adjustable vertical slab gel unit (CBS Scientific
Ltd.), or a dual vertical mm-gel unit, for small gels. The upper and lower chambers of
the gel unit were filled with running buffer. Before loading, samples were heated to
80[]C for 3 minutes to denature the proteins, then each sample was loaded onto the
stacking gel. Samples were loaded from the bottom of the well, using a 100

j.tl

syringe (Hamilton Company, Nevada, USA). Large gels were loaded with 50
sample, whilst small gels were loaded with 30-40
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j.tl.

glass
.tl

of

Spare wells were loaded with

sample buffer to prevent spreading of proteins. Each large gel was loaded with
approximately 15 pl of SeeBlueTM pre-stained molecular weight standards (Novex,
California., USA), whilst small gels were loaded with 7 1.il
Large gels were electrophoresed for 3-4 hours at 25-30 mA of constant current per
gel, depending on the acrylamide percentage. Small gels were run for 1-2 hours at 1015 mA per geL When the bromophenol blue dye front reached the bottom of the
resolving gel, the gel sandwich was removed, the plates separated and the gels were
carefully removed from the bottom plate. A nick was made in the bottom right hand
corner to ensure that the gel was not reversed. Small gels were generally transferred
to nitrocellulose blotting membrane for Western blotting (2.6).
2.5.7.5

A utoradiography

Large gels were incubated in fixing solution (10% methanol; 10% acetic acid} for 20
minutes, to prevent protein diffusion. The gels were washed in dHO for 20 minutes,
then fluoresced by incubation with I M salicylic acid (2-hydroxybenzoic acid, sodium
salt, Sigma) for 20 minutes. Gels were then placed onto damp 3 mm chromatography
paper (Pharmacia LKB Biotechnology, Bromma, Sweden) and dried for 1.5 hours at
7011C using a Bio-Rad model 353 gel dryer (Bio-Rad, Hemel Hempstead, Herts.) and
Edwards Pirani 10 freeze dryer, attached to an Edwards high vacuum pump
(Edwards, Crawley, Surrey). Dried gels were placed into 36 x 43 cm (for 2 large gels)
or 18 x 24 cm autoradiography cassettes with intensifier screens and exposed to
Kodak X-OMAT Scientific Imaging Film (Anachem Ltd., Luton, Beds.) for between
4 and 28 days at -20°C. Films were processed using an X-1 automatic X-ray film
processor (X-Ograph Ltd, Malmesbury, Wilts.).
2.6 WESTERN BLOTTING

Kc

Western blotting was used to investigate levels of proteins such as class II, p24, and
gpl6O/120 in control and H11/-infected cells, and also env and 1-IIV-transfected cells.
Approximately 1-5 x 10 6 non-adherent cells (Priess and H9) were lysed in 150
lysis buffer, whilst 1-4 x 106 adherent cells were lysed in 100

j.tl

ti

of

of lysis buffer (2.5.1.4

and 2.5.5). Cell lysates were placed into 1.5 ml microcentrifuge tubes and clarified by
centrifugation for 10 minutes at 13000 rpm. The supernatants were then transferred
to fresh 1.5 ml tubes. An appropriate amount of 6 x reducing sample buffer {7 ml of
0.5 M TrisfHCl pH 6.8; 3 ml glycerol; 1 g SDS; 0.93 g dithiothreitol (DTT); 1.2 mg
bromophenol blue; made up to 10 ml with dH20; stored in I ml aliquots at -20°C}
was added to each extract to give a final concentration of 1 x reducing sample buffer,
and the extracts stored at -20°C.
The acrylamide percentage of gels used for electrophoretic separation of cell extracts
varied on the protein of interest. Small gels were used for blotting, to minimise the
amount of nitrocellulose blotting membrane and antibody required. 8-9% gels were
used to separate gp 160 and gp 120, lower molecular weight proteins such as class II
were resolved on 10-12% gels, and for examination of whole virus extracts from HIV
infected or transfected cells, 6-15% sucrose density gradient gels were used.
An appropriate amount of nitrocellulose blotting membrane was placed onto 2 sheets
of 200 x 250 mm IF grade filter paper (Pharmacia LKB Biotechnology) and soaked
in lx blotting buffer {50 mM Tris; 40 mM glycine; 1.3 mM SDS; 20% methanol}.
Gels were floated on to the nitrocellulose membrane, covered with 2 more pieces of
filter paper and allowed to equilibrate in the blotting buffer for approximately 15
minutes. This 'sandwich' was then placed gel-side up onto a 2117-250 Novablot
Electrophoretic Transfer Kit semi-dry blotting apparatus mounted inside a 2117
Multiphor electrophoresis unit (Pharmacia LKB). The blot was run at 125 mA of
constant current for approximately 1 hour, with protein transfer monitored by
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movement of the pre-stained molecular weight markers from the gel to the blotting
membrane.
After transfer, the gel was removed from the nitrocellulose membrane after indicating
the interface between the stacking and resolving gels, and any lanes of interest. At this
point the membrane was cut down to size using a scalpel, and if necessary different
lanes were separated. The nitrocellulose membrane was blocked by incubation for at
least 1 hour at 4°C, using 5% dried non-tat milk dissolved in PBS. Primary antibodies
were diluted in 1% DNFMIPBS (2.2.1-2). The blot was incubated with primary
antibody for at least 6 hours, but more commonly overnight, at 4°C on a G24
Environmental Incubator Shaker (New Brunswick Scientific Co. Inc., USA). Large
blots were incubated in 4-6 ml of diluted primary antibody in 100 mm 2 square petri
dishes (Bibby Sterilin Ltd., Stone, Staffs). For smaller blots or membrane strips,
incubations were performed in 30 ml universal tubes (Phillip Harris, Aberdeen), to
minimise the amount of primary antibody required for each blot. After incubation, the
primary antibody was discarded, and the blot was washed 3 times, for 5 minutes each
time, in 1% DNFMIPBS to completely remove any non-specifically bound primary
antibody.
Horseradish peroxidase (HRP)-conjugated secondary antibodies (SAPU) were used
to detect antigen/primary antibody complexes (2.2.1.3). Blots were incubated with
secondary antibodies in fresh petri dishes for at least 2 hours, then washed 3 times
with 1% DNFMIPBS for 5 minutes each time. The blots were developed using 3, 3'
diaminobenzidine tetrahydrochioride (DAB)/hydrogen peroxide (H202) substrate.
One 10 mg DAB tablet (Sigma) was dissolved in 15 ml of TBS. Immediately before
use, 12 l.tl of H202 was added, and the blots incubated in fresh petri dishes with the
substrate solution until the appearance of brown bands. It was necessary to avoid
excessive incubation times, as this increased background staining and decreased the
contrast of any bands present. When the blot was tally developed, the DAB solution
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was removed, and the blot washed twice in dI{20. This did not affect the band
intensity as the DAB product is water insoluble.
2.7 IMMUNOFLUORESCENCE
2.7.1 Flow Cytometry
Fluorescence activated cell scanning (FACS) was used to detect the cell surface
expression of class I, class II, and WV envelope protein, on a number of different cell
types. Adherent cells, such as macrophages, CHO-DR,, or COS cells were washed and
resuspended in 1 ml of PBS (in 6 well plates or 60 mm tissue culture plates), by gently
removing the cells from the plastic using cell scrapers (Greiner). The cells were
pelleted at 1300 rpm for 5 minutes and resuspended in PBS. Non-adherent cells were
pelleted by centrifugation and resuspended in PBS. All cells were counted on a
haemocytometer, with live cells being identified by exclusion of 0.4% Trypan Blue
(Sigma). Cells were pelleted, then resuspended in PBS at a concentration of
approximately 2 x 106 cells/mi.
100 jil of each experimental antibody (2.2.1), including a PBS control, was placed
into individual wells of a round-bottomed 96 well plate (Costar) for each cell type
under investigation. For experiments performed under category Ill containment
conditions, incubations were performed in 12 x 75 mm polystyrene round bottomed
Falcon tubes (Becton Dickinson, Massachusetts, USA). 100 .il of cell suspension was
added to each antibody, and the cells incubated for 20-25 minutes. Incubations were
carried out on ice to prevent internalisation of surface markers. Cells stained with
directly conjugated antibodies were incubated with PBS.
After incubation with primary antibody, the cells were centrifuged, and washed twice
with 200 pA of PBS. The cells were then pelleted, and resuspended in a dilution of the
appropriate secondary antibody conjugate (2.2.1.3). An unstained control was
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included for initial cell sizing during analysis. Cells were incubated in 100 .il of
secondary antibody for 20-25 minutes, on ice and in the dark, to prevent bleaching of
the conjugated fluorescent marker. Cells were washed twice with PBS, then incubated
with 200

j.tl

FACSfix 11% paraformaldehyde in PBS) transferred to 12 x 75 mm

Falcon tubes, and, if necessary diluted with PBS. Cell surface staining was detected
using a Becton Dickinson FACScan Flow Cytometer, and analysed using LYSIS II
software. Dead cells were excluded using appropriate forward and light scattering
gates.
2.7.2 Indirect Immunofluorescence
2.7.2.1

Preparation of Covers! ips for Adherent Cells

20 x 202 mm glass coverslips (Chance Propper, Smethwick, England) were sterilised
by immersion in 70% ethanol. Ethanol-sterilised forceps were used to wash the
coverslips in sterile PBS. The coverslips were then transferred to each well of a 6 well
plate, or to 60 mm tissue culture dishes. Up to three coverslips could be placed in
each 60 mm plate. Adherent cells such as COS and CR0-DR were seeded at normal
concentrations over the whole well, and grown and transfected as normal (2.1.1;
2.8.3). After transfection, coverslips were transferred to 6 well plates for staining.
2.7.2.2

Immunofluorescence staining

Coverslips were washed twice with PBS, fixed with 2 mi/well 2% paraformaldehyde
in PBS for 10 minutes, then washed 3 times with PBS. Cell membranes were
permeabilised by incubation for 5 minutes with a 0.1% solution of Triton X-100 in
PBS. After permeablisation, the cells were washed once with PBS, then blocked with
0.5% BSA/PBS for at least 10 minutes.
Strips of parafilm were placed on moist tissue to create a humid environment,
preventing antibody evaporation. 100 1.il of primary antibody dilution (2.2.1) was
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spotted onto the surface of the paraflim. A PBS control was included to monitor the
degree of non-specific binding of the secondary antibody conjugates. Coverslips were
drained, placed face down on the primary antibody and incubated for 20-30 minutes
at room temperature. Cells to be stained with the KC-57 FITC-conjugated anti-p24
antibody were initially incubated with PBS.
The coverslips were floated away from the paraflim by pipetting PBS into the
interface between the coverslip and the paraflim. This was done to avoid shearing of
the cells by suction. The coverslips were replaced, face up in the 6 well plate and
washed 3 times with PBS. 100 t1 of 1:100 dilutions of appropriate FITC-conjugated
anti-Ig antibodies (2.2.1.3) were spotted onto fresh parafilm. Coverslips were drained,
placed face down onto the secondary antibody, and incubated for 20-30 at room
temperature and in the dark, to avoid bleaching of the FITC conjugate.
After incubation with the secondary antibody, the coverslips were floated off the
paraflim as before, and washed 3 times with PBS. Finally they were drained and
mounted face down onto 76 x 26 mm glass microscope slides (Chance Propper) using
a small amount of Mowiol mounting medium (see below), and stored at 4°C. Cells
were examined using a Nikon phase contrast 1.25 UV photomicroscope. Photographs
were taken using a Nikon FX-35A camera on Kodak 1600 colour negative film.
2.7.2.3 Preparation of Mounting Medium
2.4 g of Mowiol 4-88 (Hoechst, Sigma) was added to 6 ml of glycerol (Sigma) in a 50
ml plastic conical centrifuge tube and mixed thoroughly. 6 ml of dH20 was added,
and the solution incubated at room temperature for at least 2 hours. After incubation,
12 ml of 0.2 M TrisfHCl (pH 8.5) buffer was added. The solution was placed in a
water bath which was maintained at 50°C on a magnetic hot plate, and stirred
continuously until dissolved. The mounting medium was aliquoted into 1.5 ml
microcentrifuge tubes, clarified by centrifugation at 5000 rpm for 15 minutes, then
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stored at -20°C. For use, 2-3 grains of 1,4 diazabicyclo(2,2,2)octane anti-fade reagent
(Sigma) was added to each aliquot after thawing. Using a 200 1.11 pipette tip, a small
amount of Mowiol was placed onto each glass slide for coverslip mounting.
2.8 TRANSFECTIONS

2.8.1 Plasmids
2.8.1.1

pSRHS

pSRHS (figure 2.11 a) was obtained from Dr. Eric Hunter. It is an I{IV-1 em'
expression plasmid which contains the 3111 base pair Sal I (5785)-Xho I (8896)
fragment of the HIV-1 HXB2 genome. This section encodes the complete tat, rev,
vpu, and env genes, and is shown on the map on figure 2.12. The Sal I and Xho I
restriction sites are indicated in bold print. Also encoded within the env gene is the
rev-responsive element (RRE), which is a post-transcriptional mRNA signal to which
the rev protein binds. The pSRHS plasmid is under the control of the late promoter
and origin of replication from simian virus 40 (SV-40), and the poly(A) addition
signal from the Mason-Pfizer monkey virus (MPMV) (Dubay et al., 1992; Salzwedel
et al., 1993). This plasmid gives good expression of the env protein in COS cells.
2.8.1.2

pEX2

The pEX2 plasniid is shown on figure 2.1 lb. This plasmid is a modification of
pSRHS, due to the addition of 3 unique restriction sites. The sites Not I (6097). BstE
11 (6328) and Xba I (8077) had been introduced into the 3111 bp Sal I-Xho I
fragment of HIV HXB2, which was used to replace the corresponding fragment
present in pSRHS (Ashelford et. al. 1997, manuscript in preparation). The extra
restriction sites are indicated by (*) on the figure. pEX2 was designed to be used as a
control plasmid for experiments using cloned patient material, to show that mutation

Fig 2.11

HIV-1 env-expression piasmids
pSRHS (Dr Eric Hunter) - contains the 3111 bp Sal 1(5785) Xho 1(8896) fragment of the HIV-1 HXB2 genome. Encodes env, rev,
and contains the rev-responsive element, under the control of the late
promoter of SV40.
pEX2 (Dr Alicia Alonso) - as pSRHS, with the addition of 3
unique restriction sites: Not I (6097); BstE 11(6328); and Xba I
(8077), indicated by *
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Figure 2.12 HXB2 env
The 3111 bp Sal I-Xho I (shown in bold) fragment of the HIV-1 HX132 genome. This section encodes the
complete tat, rev, vpu and env genes. The 205 bp rev responsive element mRNA structure is also encoded in
this fragment. The Not I, BstE II, and Xba I restriction sites (marked with *) are present on the pFX2
plasmid and allow the substitution of the HXB2 genome for patient material.
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of env and the addition of the extra restriction sites did not significantly alter either
the quantity or quality of the env protein expressed in transfected cells.
2.8.1.3

pEV3

pEV3 was created by the digestion of pEX2 with the BstE II and Xho I restriction
enzymes and the replacement of this 2568 base pair fragment with a 13 base pair BstE
II and Xho I linking fragment, which is shown in black on figure 2.13a. This plasmid
was designed to be the vector for expression of cloned patient material, where patient
sequences were cloned into pEV3 using BstE II and Xho I. The 13 base pair linker
could be replaced by a 2568 bp BstE II -Xho I fragment containing the 1759 bp BstE
II (6328)-Xba 1(8077) segment of cloned patient env and the 809 bp Xba 1(8077)Xho I (8896) segment of HXB2 env (Ashelford et. al. 1997, manuscript in
preparation). In experimental chapters 5 and 6, pEV3 was used as control, or carrier
DNA in transfection experiments, as it had the same promoter background as pSRHS
and pEV3, and was used to show any effects arising from the transfection process
itself.
2.8.1.4

pHL

The pHIL plasmid (cloned by Dr. Alicia Alonso) is an env expression plasmid which
expresses the 3154 bp EcoR I (5742)-Xho 1(8896) HIV HXB2 env fragment (figure
2.13b). This fragment also contains the Not I (6097), BstE 11 (6328) and Xba I
(8077) restriction sites as shown on figure 2.12, and contains a splice donor site at
position 6045 to facilitate rev expression. Expression of this plasmid is driven by the
human cytomegalovirus (CMV) promoter, and the SV-40 poly(A) addition factor.
whilst replication is controlled by the polyomavirus origin of replication for use in
rodent cells.

Fig 2.13

Control and env-expression plasmids
pEV3 - (Dr Sarah Ashelford) formed from the pEX2 plasmid
by replacement of the 2568 bp BstE H-Xho I env fragment with a 13
bp linking fragment. Designed to be the vector for cloned patient
material. In this study, pEV3 was used as control, or carrier DNA.
pHIL - (Dr Alicia Alonso) contains the 3154 bp EcoR 1(5742)Xho 1(8896) fragment of the HIV-1 HXB2 genome. Encodes env, rev
and the rev-responsive element under the control of the human CMV
promoter.
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2.8.1.5 pHIVzienvCAT
The pHIVAenvCAT plasrnid was obtained from Dr. Joseph Sodroski, and is shown
on figure 2.14. This plasmid encodes an HIV-1 provirus under the control of the tatresponsive HIV- 1 long terminal repeat (LTR). The nef gene had been replaced with a
chioramphenicol acetyl transferase (CAT) gene which is indicated by * on the figure.
This modification has been shown not to affect replication or infectivity (Terwilliger
et al., 1989) of virus particles produced in transfected cells. pHIVAenvCAT also
contains a 580 base pair deletion in the em' gene. The plasmid contains the SV40
origin of replication to enable maximal replication in COS cells which express SV-40
large T antigen. COS and CR0-DR cells transfected with p}{IVAenvCAT. expressed
measurable levels of the CAT enzyme, but did not express the env protein (Helseth et
al., 1990).
2.8.1.6

pSV-rev

pSV-rev (figure 2.1 5a) contains a cDNA copy of the rev gene from the FIIV- I cDNA
clone pCVI. Expression of the rev protein in transfected cells is controlled by the SV40 late promoter. The plasmid also encodes the SV-40 large T antigen, which allows
expression of high levels of the rev protein in cells permissive for SV-40 replication.
This plasmid was obtained through the AIDS research and reference programme,
Division of AIDS, NIAID, NIH from Dr. Marie-Louise HammarskjOld and Dr David
Rekosh (Smith et al., 1990).
2.8.1.7

pJK-2

pJK-2 was provided by Dr Tom Cujek, and expresses the complete -galactosidase
gene under the control of the HIV-1 LTR, and is shown on figure 2.15b. The 5' end
of the -galactosidase gene had been modified by the insertion of oligonucleotides
which introduced 7 amino acids from the SV-40 I antigen. The addition of these
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Figure 2.14 pHIVAenvCAT proviral plasmid
pHI Vi.envCAT - (Dr Joseph Sodroski). This plasmid encodes an HIV-1 provirus under the control of the

WV-I LTR. The nef gene is replaced with a CAT gene (indicated by *), and the plasmid contains a 580 hp
deletion in the env gene.
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Fig 2.15

lilY rev and fi-galactosidase expression pLasmids
pSV-rev - (Dr Marie-Louise Hanimarskjold and Dr David
Rekosh). HTV-1 rev expression plasmid under the control of the SV-40
late promoter.
pJK-2 - (Dr Tom Cujek). Expresses the complete

/3-

galactosidase gene under the control of the HIV LTR. The 5' end of
the /3-gal gene has been modified to contain 7 amino acid residues
from the SV-40 T antigen., and the newly synthesised enzyme localises
to the nucleus of transfected cells.
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amino acids resulted in localisation of the newly synthesised enzyme to the nucleus of
pJK-2 transfected cells (Kimpton and Emerman, 1992). Individual transfected cells
can be identified by blue staining after incubation with 5-bromo4-cNoro-3-indo1yl-D-galactopyranoSide (X-Gal), and this plasmid can therefore be used as a marker of
transfection efficiency.
2.8.2 Plasmid DNA Preparation
Plasmid DNA preparations were made using the Promega WizardTM Plus Midipreps
DNA Purification System. The compositions of all solutions used are described
according to the manufacturer's instructions. Transformed Escherichia coil cells were
kindly prepared by Dr. Alicia Alonso, and were grown on solid LB medium.
2.8.2.1

Isolation of Plasmid DNA

For each plasmid preparation required, two 10 ml conical base tubes containing 2.5
ml each of sterile LB medium

f 1 g tryptone;

5 g yeast extract; 5 g NaCl; 100 .ig/m1

ampicillin; 1 L dH201 were 'inoculated with a colony of E. coil., transformed with the
plasmid of interest. The tubes were placed at a 450 angle and incubated overnight in a
37°C shaking incubator. After approximately 24 hours incubation, one 500 ml conical
flask containing sterile LB medium was inoculated with the two 2.5 ml overnight
cultures. These flasks were incubated overnight in a 37°C shaking incubator.
Each 500 ml overnight culture was split into 250 ml aliquots and placed into 250 ml
centrifuge bottles. The bacterial cells were pelleted by centrifugation at 9000 rpm for
15 minutes. 10 ml of Cell Resuspension Solution (50 mM Tris/HC1 pH 7.5; 10 mM
EDTA; 100 .tg!ml RNase A} was added to each pellet, and the tubes shaken until the
cells were completely resuspended. 10 ml of Cell Lysis Solution (0.2 M NaOH; 1%
SDS} was added, and the solution was rotated gently to mix. 10 nil of Neutralisation
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Solution {1.32 M potassium acetate pH 4.8} was then added, and the lysates
centrifuged at 9000 rpm for 15 minutes.
Lysates from each 500 ml overnight culture were combined in a fresh 250 ml bottle,
and the nucleic acids concentrated by precipitation with 0.6 volumes of isopropanol
(propan-2-ol). For each plasmid preparation, the supernatant volume was
approximately 60 ml, therefore 36 ml of isopropanol was used. The nucleic acid was
sedimented by centrifugation at 9000 rpm for 15 minutes. The precipitate formed a
'smear' on the side of the centrifuge bottle. The supernatant was discarded and the
inside of the bottle wiped to remove any remaining isopropanol. The pellet was gently
resuspended in 8 ml of d}{20. Any DNA present was resuspended very quickly, and
care was taken to keep the DNA in a supercoiled state. The remainder of the
precipitate, which was very difficult to resuspend, consisted of protein and residual
cell debris, and was ignored.
Dissolved proteins were precipitated using 3.8 ml of ammonium acetate for every 8
ml of resuspended nucleic acid. The proteins were sedimented by centrifugation at
9000 rpm for 10 minutes. The supernatant was transferred to a 50 ml polypropylene
centrifuge tube (Corning), and the DNA precipitated by adding 2 volumes (24 ml) of
cold 100% ethanol, and incubating at -20°C for at least 30 minutes. The DNA was
sedimented by centrifugation at 4500 rpm for 20 minutes, and the pellet resuspended
in ml of dH20.
2.8.2.2

Pur/Ication of Plasmid DNA

For each plasmid preparation (from 500 ml of overnight culture), 20 ml of WizardTm
Midipreps DNA Purification Resin was added to 4 ml of the DNA suspension, and the
tube was swirled to mix. The DNA/resin mixture was divided into two equal aliquots,
which were placed in 20 ml Wizard Midicolumns. The columns were inserted into a
Promega VacMan® Laboratory Vacuum Manifold, and the DNA/resin mix was
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pulled through the column. When the resin was completely sedimented in the tip of
the Midicolunm., 15 ml of Column Wash Solution

t 8 mM potassium acetate; 8.3 mM

Tris/HC1 pH 7.5; 40 .iM EDTA; —55% ethanol} was added to the 50 ml centrifuge
tube which had contained the DNA and resin, and then added to the Midicolumn.
After the liquid was drawn through the column, the resin was washed again with 15
ml of Column Wash Solution. When all the liquid had passed through the resin, the tip
containing the DNA and resin was removed from the barrel of the Midicolurnn using a
scalpel.
The tip of the Midicolunin was placed inside a 1.5 ml microcentrifuge tube and
centrifuged at 13000 rpm for 2 minutes to remove all the Column Wash solution. The
first microcentrifuge tube was discarded, the column tip was inserted into a fresh
tube, and the process repeated. This was necessary to ensure that all the alcohol from
the Column Wash Solution was removed from the DNA preparation. The plasmid
DNA was eluted from the resin by the addition of 300 j.il of preheated (65°C) dH20,
and the tip was centrifuged at 13000 rpm for 2 minutes.
The DNA content of the plasmid preparation was estimated as described (2.4.1.2). 2
1.il of each DNA preparation was diluted into 750 .d DEPC-treated d1120 and the
absorbence at 260 and 280 nm was determined. As with RNA. 0D260 gives a
measurement of the DNA concentration, whilst the 0D260:0D280 ratio indicates the
purity of the preparation. The DNA concentration each sample was quantified using
the following formula:
0D260 x 375 (dilution factor) x 50* = DNA xg/.il
1000
1.0 0D260 units of single stranded DNA = 50 tg1mI

Duplicate preparations of the same plasmid were combined, and the DNA
concentration estimated. In general plasmid preparations were separated into 75 iii

FDI1

aliquots to guard against contamination, placed into 1.5 ml microcentrifuge tubes, and
stored at 4°C. After prolonged storage at 4°C, the DNA preparations were
centrifuged at 13000 rpm for 30 seconds before use, to spin down any condensation
on the inside of the tube. For longer term storage, plasmid preparations were placed
at -20°C.
2.8.3 Transient Transfection of Adherent Cells
1 x 106 CHO-DR or COS cells were seeded into 60 mm tissue culture plates and
incubated overnight. For each transfection., 10-20 jil of Lipofectin reagent
(Stratagene) was diluted into 100 .tl of Optimem I reduced serum medium (GibcoBrl)
in a 12 x 75 mm Falcon tube. This was mixed gently, and allowed to stand at room
temperature for 30-45 minutes. In a separate tube, 2-5p.g plasmid DNA was diluted
into 100 p.1 Optimem I for each transfection. The DNA-containing solution was then
gently mixed with the Lipofectin preparation and incubated at room temperature for
15 minutes to allow lipid/DNA complexes to form.
For each transfection, 0.8 ml of serum-free DMEM was added to the DNA/Lipofectin
complexes to give a final volume of 1 ml per plate. The cells were washed once with
PBS to remove serum, overlaid with 1 ml of the DNAlLipofectin transfection mix and
incubated at 37°C for approximately 5 hours. The DNA-containing medium was
removed, and the cells were washed once with warm PBS. 2 ml of normal growth
medium containing serum was added, and the cells incubated for 48-72 hours before
assaying for gene activity.
2.8.4 Determination of Transfection Efficiency Using JI—Galactosidase Activity
3 x 105 CHO-DR cells were seeded into 6 well plates and transfected with the pJK-2
plasmid (2.8.1.7), encoding the /3-galactosidase gene. CHO-DR cells were
transfected with pJK-2 alone, or co-transfected with the CMV IE transactivating
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protein. 3-ga1actosidase gene activity was assayed at 48-72 hours post transfection.
The 13-galactosidase enzyme converts the X-gal histological substrate to a blue
product, which can be easily visualised by light microscopy. The cells were washed
once with PBS, then fixed by incubation at room temperature with

0.5%

glutaraldehyde (Sigma) in PBS. The cells washed once with PBS, then incubated in
PBS for 10 minutes at room temperature. Cells were washed once more with PBS,
before addition of 2 ml of developing mixture (200 .ig/ml 5-bromo-4-chloro-3indoIyl-[-D-galactopyranoside (X-Gal) dissolved in N, N, dimethyl formamide; 3 MM
K3ferricyanide (K3Fe(CN)6.3H20); 3 mM K4ferrocyanide (K4Fe(CN)6.3H20); 1.3
MM MgCl2}.

Cells were incubated for at least 60 minutes at 37°C, and monitored at 20 minute
intervals by light microscopy, until blue colonies were observed. The reaction mix was
removed, and the cells washed once with PBS. Finally, 3 ml of PBS was added to
each well, and the cells were stored at 4°C. Stained cells were photographed using a
Nikon F-301 camera mounted onto a Nikon

DIAPHOT-TMI)

inverted light

microscope, using Kodak Ektachrome 64T tungsten colour reversal film. 8galacrosidase-transfected CHO-DR cells are shown on figure 2.16.
2.8.5 gp120 Antigen Capture ELIS14
The gp 120 antigen capture ELISA was designed by Camelia Magureanu, a PhD
student in the laboratory, and Dr. Robert Walker to aid the detection of soluble
recombinant gp 120 produced by cells transfected with the HIV env gene. It can also
be used to quantify levels of gpl20 released from HIV infected cells. The addition of
an avidin-biotin system allowed amplification of the signal, which reduced background
absorbence, and permitted detection of very low levels of soluble gpl2O.
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Figure 2.16 Estimation of transfection efficiency of CHO-DR cells using the Lipofectin method
3 x 105 CHO-DR cells were transfected with the fi-galactosidase gene, using Lipofectin. Transfected cells

were identified when the f3-galactosidase enzyme converted the X-gal histological substrate to a blue product.
The transfection efficiency was estimated at approximately 25%

pjic-2 (PgalactosidaSe)-tra11SfeCted CHO-DR cells
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2.8.5.1

Plate Coating

Individual 8-well Immunolon II microtitre strips (Dynal, Bromborough. Wirral) were
coated with 250 nglwell of the capture anti-gpl2O antibody D7324 (2.2.1.2). 30 J2l of
a 1 mg/ml stock of the D7324 antibody was diluted into 12 ml of coating buffer (100
mM NaHCO3} to give a working concentration of 2.5 ig/m1. 100 j.il of D7324 was
dispensed per well, and the microtitre strips were incubated at room temperature for
approximately 18 hours. After coating, the antibody was removed, and the strips
washed 4 times with 200 JIwell wash buffer {TBS containing 0.05% TWEEN 20,
Sigma}. The microtitre strips were then blocked with 200 .t1Iwell 2% BSA in TBS for
1 hour at 37°C. The blocking solution was removed by washing 4 times with 200
i.tllwell wash buffer and the plates were stored dehydrated at -20°C for up to I month.
2.8.5.2

Antigen Capture EL ISA

The D7324-coated microtitre strips were removed from storage at -20°C and allowed
to equilibrate to room temperature. Samples of culture supernatant were taken from
env-transfected cells and centrifuged at 2000 rpm for 5 minutes to remove any cells in
suspension. After clarification, 100 .il/well of each transfectant sample was added to
D7324-coated strips. Recombinant gpl20 was used to provide a standard calibration
curve. 5 .tl of a 200 .tg!ml recombinant baculovirus-derived HIVmB gpl20 (AIDS
Reagent Project) stock solution was added to 2.5 ml of gpl20 dilution buffer (0.1%
Empigen in TBS} to give a stock concentration of 400 ng/ml gpl20. Doubling
dilutions of this stock were performed in gpl20 dilution buffer, and 100 p.lIwell of
each dilution was added to coated wells to give a standard curve of 40, 20, 10, 5, 2.5,
1.25, 0.625 nglwell gpl20. Control wells containing only dilution buffer were
included to give a background measure of non-specific binding. The experimental and
standard gpl20 preparations were incubated in D7324-coated wells for 1 hour at
37°C.
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After binding, the microtitre strips were washed 3 times with 200 tl/well wash buffer.
Immune complexes were detected using the GP13 human monoclonal antibody to
HIV-1 env gpl2O. 100 tl of a 40 j.ig/ml stock of GP 13 was diluted into 8 ml ofGPl3
dilution buffer {l% BSA in wash buffer} to give a working concentration of 500
ng/ml. 100 .tl of diluted GPI3 was added to each microtitre well., to give 50 ng/weil
GPI3. Duplicate blanks were included, which were incubated with 100 .ti of GPI3
dilution buffer alone. The strips were incubated for 30 minutes at 37°C, then washed 3
times with wash buffer.
Bound GP13 antibodies were detected using a F(ab')2 goat anti-human IgG antibody
conjugated with aminohexanoyl biotin N-hydroxysuccinimide (Zymed Laboratories,
San Francisco, USA). F(ab')2 was stored at a concentration of 400 .tg/ml. This was
diluted 1:000 in wash buffer to give a working concentration of 400 ng/ml. 100 pi
was added to each microtitre well and incubated for 30 minutes at 37°C. The blank
wells were incubated with 100 tl of wash buffer. After binding, wells were washed 3
times with 200 tl wash buffer. Bound biotinylated F(ab')2 fragments were detected
using ExtrAvidin-Alkaline Phosphatase (Sigma). This was diluted 1:1000 in TBS to
give a concentration of 5 ig/ml. 100 41 was added to each well, excluding blanks. the
strips incubated for 30 minutes at 37°C, then washed 3 times with wash buffer.
Bound alkaline phospbatase activity was determined using SIGMA FASTrM pNPP
substrate tablet set. When dissolved in distilled H20, the active substrate solution
consisted of 1 mg/ml p-Nitrophenyl Phosphate (pNPP) in 0.2 M Tris buffer. The
alkaline phosphatase enzyme converts the pNPP substrate to PO4 and the yellow
product p-nitrophenol. The microtitre plates were incubated with 100 p.Ilwell
substrate for up to 30 minutes at room temperature in the dark, and the reaction was
stopped by the addition of 50 p.1/well 1.2 N NaOH. Absorbence values at 405 nm
(0D405) were read, and the data analysed as described (2.3.2). Experimental gp120
concentrations were determined by comparison with the standard curve.
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2 & 6 Ch1oranphenico1 Acetyl Transferase Assay

In cells transfected with pHTVienvCAT (2.8.1.5), the level of plasmid expression was
determined from the activity of the bacterial chioramphenicol acetyl transferase
enzyme (CAT). The CAT gene is encoded in place of the nef gene on the plasmid
pl{lVtenvCAT, and synthesis of the CAT enzyme in transfected cells is entirely
dependent on expression of the pHIVzenvCAT plasmid. The function of the CAT
enzyme is to transfer acetyl groups donated by acetyl coenzyme A to
chioramphenicol. By using tritiated acetyl groups, it is possible to quantify CAT
activity by measuring the amount of tritiated chioramphenicol produced.
Transiently transfected COS and CHO-DR cells were assayed at between48 and 72
hours post-transfection. The culture supernatant was removed and stored for analysis,
and the cells washed with PBS. The cells were gently resuspended in 1 ml of PBS,
then placed into a 1.5 ml rnicrocentrifuge tube. Cells were pelleted by microcentrifugation at 2000 rpm for 5 minutes. The supernatant was removed and, if
necessary, the pellet was stored at -20°C for up to 1 month.
Cell pellets were thawed, and completely lysed by vortexing in 100-200 j.il of
tris/Triton lysis buffer { 0.25M Tris/HC1 pH 7.5; 0.1% Triton X- 100 }, and the extracts
incubated at room temperature for 5 minutes. Extracts were heated to 65°C and
incubated for 5 minutes to deactivate endogenous deacetylase activity. Cell debris was
removed by centrifugation at 13000 rpm for 10 minutes. 10-75tl of each cell extract
was added to 20 ml polyethylene liquid scintillation counting vials (Packard
Instruments B. V., Groningen, The Netherlands), and an appropriate volume of
Tris/Triton lysis buffer was added to give a final volume of 751.l. CAT activity was
calibrated in each experiment using standard dilutions of CAT enzyme (Sigma). 0 0.25U of CAT enzyme (0 - Sp.I respectively of a 0.05UIml CAT enzyme stock
solution) was added to tris/Triton lysis buffer to give a final volume of 75.d, and
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placed in a scintillation vial. 50.tl of chioramphenicol/tritiated acetyl coenzyme A

(3

H-

Acetyl CoA) reaction mix {25 tl of 0.83 mg/ml chioramphenicol (Sigma) in 5%
ethanol; 5 p1 of 0.25M tris/HCI pH 7.5; 0.5

p1 of 1.85 M1Bq/.il 3H-Acetyl CoA; 19.5

i.il d1120 } was prepared for each extract sample. The samples were then overlaid with
3 ml of Econofluor organic solvent (Packard Instruments). CAT activity was assayed
by counting every 20 minutes for 3 hours on a Beckman LS7000 liquid scintillation
counter (Beckman Instruments Inc. California, USA).
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3.1 INTRODUCTION

The human immunodeficiency virus (HIV) infects CD4-expressing cells of the
immune system, including T cells, monocytes, macrophages (M). and dendritic cells
(DC). In HTV-seropositive patients, infection has two consequences. There is an
initial loss of secondary, memory CD4± T cell responses, followed by an inability to
initiate primary immune responses. These effects are brought about by defects in both
antigen presenting cell (APC) and CD4+ T cell functions, leading to progression to
AIDS. It is possible that there is a difference between the mechanisms by which HIIV
acts on professional APC (e.g. M4), which express high levels of class H
constitutively, or upon induction (e.g. DC), and non-professional APC (T cells),
which can be induced to express much lower levels of class H upon activation with
interferon (IFN)-y (1.1.3.2; 1.2.4.1-2).
The work in this chapter was involved with establishing an infection protocol for use
with the CD4 Priess B cell and H9 T cell lines, and primary M4 cultures. It was
necessary to show in the first instance that, Priess, H9, and M4 were infectable with
MV, and that these cells were able to support productive replication and release of
virus. Two different laboratory strains of HIV were used (2.1.3), depending on the
cell type under investigation. HTVmB, a viral strain of American origin (Popovic et al.,
1984) is pleiotropic, in that it can infect both T cells and M4, and was used to infect
the Priess and H9 cell lines. HIVBa-L (Gartner et al., 1986) is a M4-tropic strain, and
was therefore used to infect primary M4 cultures isolated from seronegative blood
donor packs. The tropism of a particular viral strain is determined by the affinity of
the gpl 20 envelope glycoprotein for specific co-receptors expressed on T cells and

M4 (1.2.1.4)
The CD4, }{LA-DR4 T cell line. H9 was cloned from a parental cell line derived
from an adult patient with lymphoid leukaemia, and was shown to be readily

115

infectable with HIVEIIB (Popovic et al., 1984). H9 was used extensively in preliminary
studies which investigated HIV infection and replication (Daigleish et al., 1984;
McDougal et aL, 1986; Popovic et al., 1984; Putney et al., 1986; Ratner et al., 1985;
Wong-Staal et al., 1985). The CD4, F1LA-DR4 human Epstein-Barr virus (EBV)transformed B cell line, Priess (Hurley et al., 1982) is also permissive for infection
with 1-11VifiB. This cell line was used as a representative professional APC type, as it
expresses large amounts of class II. B lymphoblastoid cell lines have been used in
many studies on the class II expression, synthesis, and antigen presentation pathways.
As the Priess cell line is not a natural target for H1V infection, primary M4 cultures,
as professional APC, were investigated. Productive infection of the monocytic cell
line U937 with HIVIIIB, was first shown in 1984 by Dalgleish et. al (Dalgleish et al.,
1984). Ho et. al demonstrated that primary M4 cultures obtained from seronegative
donors could be infected in vitro with HIVifiB (Ho et al., 1986), although with a
lower efficiency than T cells (Gartner et al.. 1986). In addition it was shown that
monocytes/M4 obtained from peripheral blood (Ho et al., 1986), brain (Koenig et al.,
1986) and lymph node tissue (Gyorkey et al., 1985) of infected patients were positive
for HIV. The HIVBa-L viral strain was first isolated from primary lung cultures of a
child with AIDS, and was shown to preferentially infect and replicate in M4 (Gartner
etal., 1986).
In this chapter, a number of assays were used to demonstrate productive infection in
each of the cell types under investigation. The reverse transcriptase polymerase chain
reaction (RT-PCR) was used to identify HIV messenger RNA (mRNA) in infected
cells. The presence of WV mRNA indicates that the viral genome has been integrated
into the host genome and has been transcribed. Culture supernatants of HIV-infected
Priess, H9, and M4 were examined for the presence of viral proteins, such as RT, the
p24 gag core protein, and the gpl20 envelope glycoprotein. Detection of these
proteins indicates that viral niRNA has been successfully transcribed. These
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quantitative assays were also used to compare levels of viral replication in Priess, H9,
and M4. Western blotting of cell extracts prepared from control and infected cells was
used to detect cell-associated viral proteins. Using flow cytometry it was possible to
study the consequences of HIV infection on the surface expression of the MIHC class
I and H molecules over time. This technique allowed comparisons to be made
between the effects of HIV on surface class I and II levels on professional and nonprofessional APC.

3.2 RESULTS

3.2.1 Time course of HIV mRNA expression in infected Priess and H9 cells
The CD4, class H Priess B cell and 119 T cell lines were infected with equivalent
reverse transcriptase (RT) units of HIVmB, and cultured as described (2.1.3). At days
1, 3, 5, 7, and 10 after infection., 5 x 106 control and infected cells were pelleted by
centrifugation and stored at -70°C. Messenger RNA (mRNA) was extracted and
single-stranded complementary DNA (cDNA) prepared (2.4.1.1-3). HIV and -actin
mRNA expression was detected by primary amplification of the cDNA products by
the polymerase chain reaction (PCR), using relevant primers (2.4.1.4).
Expression of HIV and 3-actin mRNA in Priess or H9 cells is shown on figures 3.1
(A) and (B) respectively. The HIV genome contains a number of splice donor and
splice acceptor sites, which led to the occurrence of multiple splicing events. These
events resulted in the amplification of a 215 base pair (bp) product, despite the fact
that the sense/antisense primers spanned a total area of 5552 bp of the HIV genome.
Expression of viral mRNA first occurred at day 3 of infection in both Priess and 119
cells, shown by the appearance of a band at approximately 215 bp. This product is
specific to HIV-infected cells, as it is not seen in the uninfected controls. It is possible
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Fig 3.1

Expression of HIV mRNA in Priess and H9 cells over a time
course of infection
Messenger RNA was prepared from control (C), and day 1, 3, 5, 7 and
10 infected Priess (A) or H9 (B) cells. HIV mRNA expression was
detected by primary amplification of the complementary DNA product
using the NARS (CTC TAG CAG TGG CGC CCG AAC AGG; pos
+173) and 543A (CIA TGA TTA CTA TGG ACC AC; pos + 5725)
anti-I-IIV primers. As an internal control, 3-actin products were
amplified using the sense (TGA CGG GGT CAC CCA CAC TGT
(3CC CAT CTA: pos +1231) and antisense (CIA GAA GCA TTT
GCG GTG GGA (360; pos +1786) primers. Primary PCR products
were resolved by electrophoresis on 1.2 % agarose gels.
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to detect a band at day 1 of infection in Priess cells, however this is extremely faint
and barely visible on the photograph. Bands representing larger sized cDNA
fragments can be seen on the IIIV gels from Priess cells throughout infection, and
from H9 cells at later stages. It is likely that these bands represent oligomers of the
215 bp PCR product, and occurred due to high concentrations of viral eDNA, as they
only occur in samples where the 215 bp fragment is seen. The smaller band migrating
at the bottom of each gel represents the primer front.
Expression of 13-actin niRNA was included in this experiment as an internal control as
this gene is constitutively expressed in all cells. This positive control eliminated the
possibility of false negative results, arising from poor quality mRNA or cDNA
preparations. It can be seen that the 661 bp [3-actin primary PCR product was present
in all samples in approximately equivalent amounts. Detection of 13-actin mRNA in all
samples indicated that the control and day 1 infected cells were definitely negative for
HIV mRNA, and thus confirmed the specificity of the 215 bp band.
3.22 Detection of virion release from HIV-infected Priess, H9, and macrophages
by reverse transcriptase assay
Priess and H9 cells were infected with HIVmB, and primary macrophage (M')
cultures infected with HTVBa-L as described (2.1.3). Samples of control and MVinfected culture supernatants were taken at various time points, up to day 10 of
infection. Cells were pelleted by centrifugation and the supernatant samples stored at 70°C. The reverse transcriptase (RT) assay was used to quantify the amount of viral
RT enzyme present in the culture supernatant samples. This is a 3H-thymidine
incorporation assay, and measures the amount of radioactively labelled DNA
generated by viral RT present in culture supernatants.
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Figure 3.2 compares the RT activity in supernatants from Priess, H9, and

M4) over a

time course of infection. In Priess cells, it can be seen that there was a lag of
approximately 3 days before RT activity rose above background levels. It is likely that
the relatively high background level of 439.2 on day 2 of infection represented
residual viral RT from the original inoculum. By day 4 of infection, there was a steep
increase in RT activity to 9326 cpm, indicating HIV replication and release of virions.
Levels of RT continued to increase up to day 7 of infection, reaching a peak of 16045
cpm. At later stages of infection, RT levels decreased sharply, showing values of 5355
cpmby day 10.
The time course of RT activity in culture supernatants from MV-infected H9 cells
and

M4) followed a similar pattern to that in Priess cells. In H9 supernatants, there

was a lag of 5 days before RT activity of 1307 cpm was observed. In parallel with
expression in Priess cells, RT levels in H9 supernatants peaked at day 7 of infection,
at 9816 cpm., and declined to 3255 cpm by day 10 of infection. Culture supernatants
from M showed considerably lower levels of the RI enzyme than either Priess or
H9, with maximal activity at 2937 cpm by day 7. There was a decrease in activity to
1681 cpm by day 10, however this decline was not as steep as in Priess or H9 cells.

3. Z3 Detection of virion release from HIV-infected Priess, H9, and macrophages
by p24 ELISA
Culture supernatants from control and HIV-infected Priess. H9. and M4 were
prepared and stored as for the RT assay. Virus particles present in supernatant
samples were lysed using the Empigen detergent. This released the p24 gag core
structural protein, which was then detected using an antigen capture ELISA (2.3.2).
The profile of p24 release from Priess, H9. and M over a time course of infection
with lilY is shown on figure 3.3. In supernatants taken from day 3 infected Priess
cells, it can be seen that levels of p24 were significantly above background levels
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Figure 3.2

Reverse transcriptase activity in culture supernatants from

11W infected Priess and 119 cells, and prinary

macrophages.

Priess and H9 cells, and primary M4 cultures were infected with HIV, and culture supernatant samples were
taken at various time points of infection. Levels of viral reverse transcriptase were measured using a 3Hthymidine incorporation assay.
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Figure 3.3

Levels of p24 in culture supernatants from HIV infected Priess and H9 cells, and prinary macrophages.

Priess and H9 cells, and primary M4 cultures were infected with HIV, and culture supernatant samples were
taken at various time points of infection. Levels of the viral p24 core protein were measured by antigen
capture ELISA.
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(29.52 ng/ml), and rose steadily up to 51.62 ng/ml at day 5 of infection. p24
expression increased rapidly up to day 7 of infection, then stabilised at approximately
145 ng!ml for the remainder of the time course.
In culture supernatants from infected 119 cells, the pattern of p24 expression was
similar to Priess, in that there was a slow increase in supernatant p24 levels from
12.81 ng/ml at day 3 of infection, to 16.2 ng/ml at day 5. There was a much greater
increase to 32.56 ng/ml at day 7, then p24 levels reached a plateau at 36.06 nglml on
day 10. In M4, the pattern of p24 release was slightly different, with a much greater
lag before the supernatant p24 concentration rose significantly above background
levels. At day 5 of infection, it was possible to detect 1.09 nglml p24, and by day 7,
this had risen to 2.57 ng!ml. Unlike Priess and H9 where p24 levels reached a plateau
by day 7, levels in M4 supernatants continued to rise, reaching a value of 15.7 ng/ml
by day 10.
3.24 Detection of virion release from HIV-infected Priess, H9, and macrophages
by gpl20 ELISA
Culture supernatant samples from control and HIV-infected Priess, 119, and M4 were
prepared as for the RT assay. Levels of the gpl2O envelope surface glycoprotein were
measured using an antigen capture ELISA (2.8.5). Figure 3.4a shows gp120 levels in
supernatants from Priess and 119 cells. The trend of gpl20 release from infected cells
was parallel to the pattern of RT activity in equivalent supernatant samples. In Priess,
soluble gpl20 remained at background levels until day 5, when there was a steady rise
to 384.6 ng!mL 758.1 ng/mL and 1785.1 ng/ml on days 5, 6, and 8 respectively. At
2091.9 nglml, soluble gpl20 was highest on day 9 of infection, before levels declined
sharply to 824.6 ng/ml by day 11. In culture supernatant samples taken from H9 cells,
levels of gpl20 were much lower than in Priess. however the pattern of release was
similar. In 119 cell supernatants, gpl20 was first detected on day 6, at 158.3 ng/mL
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Figure 3.4a Levels of gpI20 in culture supernatants from HIV infected Priess and H9 cells.
Priess and H9 cells were infected with HIV, and culture supernatant samples were taken at various time
points of infection. Levels of the viral gpl20 envelope glycoprotein were measured by antigen capture
ELISA.
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Soluble gp120 levels peaked at 922.4 ng/ml on day 8, then fell to 324.6 nglml by day
10 of infection.
Detection of gp120 in culture supernatants from control and infected M is shown on
figure 3.4b. Control gp120 values are shown for the entire time course, as the
background values were very high, at an average of 652.1 ng/ml. It is likely that this
high background was due to cross reactivity of the antibodies used in the antigen
capture ELISA with native proteins present in Mo culture supernatants. M4) were
cultured in medium containing 5% normal human serum, and therefore contained high
levels of non-specific proteins and antibodies which might interfere with the assay.
For this reason, the data regarding gpl20 levels in infected supernatants was not
totally quantitative. From the graph on figure 3.4b, it is possible to see a trend in
gp 120 release, however. From an initial value of approximately 782 ng/ml at day 3 of
infection, there is a rise to -1 100 ng/ml by days 5 and 6. In a similar way to Priess
cells, soluble gp120 is maximal at day 9, at -'1535 ng/ml, with a slight decline to
--'1485 ng/ml by day 10.
3.2.5 Detection of viral protein expression in HIV-infected Priess, 119, and
macrophages by Western blot
Priess, H9, and M4) were infected with HTV and cultured as described (2.1.3). At day
5 of infection, control and infected cell extracts were prepared (2.6). 5 x 106 Priess
and H9 cells were lysed using 150 1.il lysis buffer (2.5.1.4). One large (75 cm 2) flask
each of control and infected M4 was lysed in 400 p.1 of lysis buffer. After clarification
of the lysates by centrifugation, samples were mixed with appropriate amounts of 6x
reducing sample buffer. Cell extracts were Western blotted (2.6) using the 1272
patient anti-MV serum (2.2.2).
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Figure 3.4b Levels of gp120 in culture supernatants from HIV infected primary macrophage cultures.
Primary M4 cultures were infected with HIV, and culture supernatant samples were taken at various time
points of infection. Levels of the viral gp 120 envelope glycoprotein were measured by antigen capture
ELISA. For clarity, the x-axis ordinate begins at day 2, as opposed to day 0 of infection.
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Priess cell extracts are shown on figure 3.5(A). It can be seen that day 5 infected cells
contained large amounts of viral-specific proteins not seen in control cells. The small
number of bands seen in control cell extracts were due to the cross reactivity of the
1272 patient serum with native cellular proteins. HIV-infected Priess cells expressed
high levels of both the gpI60 env glycoprotein and the p24 gag core structural
protein. There is also a much fainter band representing the p17 gag matrix protein.
The series of HIV-specific bands migrating at approximately 36-55 kDa probably
include the gp4l envelope transmembrane subunit, and possibly the p55 gag precursor
protein.
Levels of viral protein expression in H9 cells (3.5(B)) was lower than in Priess cells.
This was expected, given the relative differences in RT, p24, and gp 120 levels in
infected Priess and H9 culture supernatants. It was possible to detect very faint band
representing the gp 160 and gp4 1 env glycoproteins. It can be seen that HIV-infected
H9 cells also contained high levels of the p24 gag protein. There is a very faint band
in the control cell extracts migrating at the same molecular weight, however this may
be due to overflow from the infected cell sample due to overloading of the wells. It
was necessary to load the wells with the maximum amount of sample possible. to
allow detection of potentially low levels of viral proteins.
M4 cell extracts expressed very low levels of viral proteins, as shown on figure
3.5(C). In these cells, it was not possible to detect a band representing gpl60,
however there was a very faint band which migrated at —40 kDa, and which was likely
to correspond to the gp4l env subunit. Levels of p24 gag were greatly reduced
compared to Priess and H9 cells, however there was still a distinct band present. As
with H9 cells, it was not possible to detect a band representing the p17 gag protein.
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Figure 3.5

Expression of viral proteins by 11W-infected Priess and H9 cells, and macrophages.

Cell extracts were prepared from day 5 infected Priess (A) and H9 (B) cells, and primary M4 (C) cultures.
Samples were run on 8-15% sucrose density gradient mini-gels under reducing conditions and Western
blotted with the 1272 patient anti-HIV serum.
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3.2.6 Surface expression of class If on HIV-infected Priess, H9, and macrophages

Priess, H9, and M4 were infected and cultured as described. At days 2 and 9 of
infection, samples of 2 x 105 Priess or H9 cells were taken and stained for flow
cytometry (2.7.1). M4 were stained at days 3 and 7 after infection. Control and
infected Mo were gently removed from the tissue culture flask by scraping, and
resuspended in PBS. Priess. H9. and Mo were stained with W632 anti-class I, or
DA6.23 I anti-class II, using PBS as a control. Priess and H9 cells were also stained
with L243 anti-class IL FITC-conjugated anti-mouse IgG was used as the secondary
antibody.
Staining of control, day 2, and day 9 infected Priess cells is shown on figure 3.6.
Mean fluorescence intensities for each antibody are shown beneath the relevant
histograms. PBS staining demonstrated that there was no significant non-specific
binding by the FITC-conjugated secondary antibody (3.6(A)). The average
background staining was at 60.11 mean fluorescence intensity (MFI). Surface class I
expression is shown on figure 3.6(B). Staining of class I on control Priess cells was at
383.54 MR. At day 2 of infection, this had risen by 25% to 480.62 MFI, although
surface class I levels had decreased to 365.52 MFI by day 9.
A similar trend was seen in surface class II expression on Priess cells over the time
course of infection. On DA6.23 1 -stained control cells, the mean fluorescence was at
1018.10 M1FI (3.6(C)). Day 2 infected cells had a staining intensity of 1451.75 MFI,
representing an increase of 43%. By day 9 of infection surface class II levels had
fallen to 930.45 MFI, 9% lower than the control value. The surface expression class
II characteristics of L243-stained cells (3.6(D)) were very similar to those stained
with DA6.23 1. L243 is a conformation-dependent class II antibody, which recognises
mature. peptide-bound class II molecules, whereas DA6.23 1 recognises a much
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Fig 3.6

Single staining flow cytometric analysis of HIV-infected Priess
cells
Control, day 2 and day 9 infected Priess cells were stained with PBS
(A); W632 anti-class I (B); DA6.23 1 anti-class II (C); or L243 anticlass II (D) using appropriate FITC-conjugated secondary antibodies.
Mean fluorescence intensities are shown beneath the relevant
histograms.
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broader range class II molecules. Control cells were at 1137.76 MFI, whilst on day 2
infected cells this was increased by 38% to 1556.41 MIFI. Class II expression on day 9
infected cells was 14% lower than control levels, at 973.27 MFI.
The patterns of class I and II surface expression on infected H9 cells were markedly
different to those on MV-infected Priess cells. Flow cytometric analysis of H9 cells is
shown on figure 3.7a. The dot plots, showing cell population distribution for each
histogram are shown on figure 3.7b. Background FITC binding to H9 cells resulted in
average staining of 49.08 MFI (3.7(A)). Surface class I expression on control H9
cells, at 466.02 MFI (3.7(B)), was at a similar level to expression on Priess cells. In
contrast to Priess cells however, surface class I levels had fallen by 20%. to 374.35
MIFT on day 2 of infection. By day 9, the staining intensity was at 229.59 MFI, 51%
lower than the control level.
Surface expression of class II molecules on the surface of DA6.23 1 -stained control
H9 cells was approximately ten-fold lower than on Priess. at 153.74 MFT (3.7(C)). In
contrast to class I levels, class H expression was increased by 11% to 170.10 MFI on
the surface of day 2 infected cells. Class II expression increased further to 230.80
MFI on day 9 infected H9 cells, representing a 50% increase over control levels. This
trend was also seen on control and infected H9 cells stained with the conformation
dependent L243 class II antibody (3.7(D)). By day 2 of infection, class II staining had
risen by 58%, from the control level of 209.06 MIFI to 330.43 MR. Staining of
386.96 MFI seen on day 9 infected cells represented an 85% increase over control
levels.

M4 were stained at day 3 and 7 after infection. In this case, controls are shown for
each antibody at both time points. This allowed detection of non-specific changes in
class I and II surface expression due to M4 maturation. Background FITC staining of
MO is shown on figure 3.8a(A). The dot plots, showing cell population distribution
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Fig 3.7

Single staining flow cytometric analysis of HIV-infected H9 cells
Control, day 2 and day 9 infected H9 cells were stained with PBS (A);
W632 anti-class I (B); DA6.23 I anti-class 11(C); or L243 anti-class H
(D) using appropriate FITC-conjugated secondary antibodies. Mean
fluorescence intensities are shown beneath the relevant histograms.
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Fig 3.8

Single staining flow cytometric analysis of HIV-infected primary
macrophage cultures
Day 3, and day 7 infected primary M4 and their controls were stained
with PBS (A); W632 anti-class I (B); or DA6.23 1 anti-class 11(C)
using appropriate FITC-conjugated secondary antibodies. Mean
fluorescence intensities are shown beneath the relevant histograms.

DAY 3 CONT

A. PBS

DAY3 INF

DAY 7 CONT

DAY 7 INF

I,)

1

All
II l l

Mean
I luornscencc

38.46

33.78

34.88

I ntensity

Jlhl

11.

1l

Ii

23.55

.7,

B. W632

Mean

Fluorescence
Intensity

A

428.19

112—

11L

559.62

459.99

i2

598.04

~J i

C. DA6.231

J
Mean

Fluore scence
Intensity

Jil l

1508.65

r'4'•
I

1716.83

I

-

IA

I iii'

1501.56

i

1420.31

II.

The average background fluorescence value was 32.67 MFI. M4 were stained with an
antibody to CD1 lb (data not shown) as a control for expression levels of surface
markers, and also as a marker of the purity of the M4 population. Staining by this
antibody was as follows: day 3 control - 229.90 MIFI; day 3 infected - 245.67 MFI;
day 7 control - 264.10 MFI; and day 7 infected 249.79 M1FI.
Infection of M4 with HIV did not lead to large variations in surface class I expression,
even on day 7 infected cells (3.8(B)). At day 3 of infection, class I levels were at
459.99 MR. 7% higher than the control value of 428.19 MFI. At 598.04 MFT,
surface expression of class I on day 7 infected cells was 7% higher than the relevant
control level of 559.62 MFI. Expression of class II molecules on the surface of
control and infected M4 is shown on figure 3.8(C). Changes in class II staining by the
DA6.23 1 antibody followed a similar pattern to those seen on the surface of HIV infected Priess cells. Surface class H expression on control M4 was high, at 1508.65
MR. This increased to 1716.83 WI on day 3 infected cells, a rise of 14%. By day 7
of infection however, the staining intensity had fallen by 5.4% to 1420.31 MFI from
the control value of 1501.56 MFI.
In the experiments described above, it is important to note that the flow cytometry
data was based upon selected cell populations within the main cell sample. After initial
gating to remove dead cells, further selection was performed. In the case of Priess and
H9 samples, it was possible to see a relatively concentrated population of cells of
medium size and low granularity. These populations were gated, and histogram
analysis performed. In initial experiments, designed to optimise the experimental
protocol, characteristics such as class I, class II and cell marker (CDI9; CD3; CD4)
distribution were compared between the whole cell sample and the gated population.
It was found that the selected cell populations showed consistent patterns of
expression of markers such as CD3 and CD4. In contrast, the excluded cells were
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often aberrant in their expression of these markers. For this reason, gated cells were
used in all experiments described here.
In the case of M4 cultures, gating was also used, however this was not as exact as in
the lymphocyte populations. In primary M4) cultures, it was often difficult to extract
the cells from the plastic culture dish, and much care had to be taken to avoid cell
damage. This was one reason that cells which had been cultured for longer than 10
days were not suitable for analysis by flow cytometry, as it was not possible to
identify any discrete cell populations. In contrast to lymphocytes, MO were
concentrated into populations of larger cells with more pronounced granularity. As
with lymphocytes, gated and complete cell populations were analysed for expression
of class I, class IL CD4 and CDI lb. The cell populations selected for analysis were
positive for CD 11 b and CD4. In the whole cell sample, it was seen that there was a
small population which was negative for CD 11 b. For this reason, gating was used in
all experiments.
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3.3 DISCUSSION

3.3.1 Design of study
The work in this chapter was involved with designing a protocol to investigate, and
compare, the effects of HIV infection on class II synthesis and processing by
professional and non-professional antigen presenting cells (APC). To do this, it was
necessary to examine the ability of these different cell types to support HIV
replication, using a variety of techniques. It is known that H1IV has a tropism for class
H positive cells, such as activated T cells and cells of the monocyte/macrophage (M4)
lineage. It was therefore necessary to select the cell lines, viral strains, and optimum
time points of infection, which would be most suitable for investigating the impact of
HIV infection on class H synthesis and surface expression.
Priess B cells, and H9 T cells were chosen for a number of reasons (3.1). Both cell
types express class H and CD4, and are readily infectable with HIVmB. Pness and H9
are haplotype matched, both expressing DR4, allowing direct comparison between the
two cell types. H9 T cells are non-professional APC, and have been used extensively
in experiments investigating HIV infection. The phenotype of infected H9 cells has
been well characterised (Kerkau et al., 1989; Meerloo et al., 1992; Meerloo et at.,
1993; Noraz et al., 1995). Priess cells were chosen as they are professional APC and
have a well-defined class II biosynthetic pathway.
HIVBa-L infection of primary M4 cultures was also investigated. M4) were included in
this study for a number of reasons. The first is that HIV-infected APC such as M4 and
dendntic cells (DC) have been shown to play important roles both in disseminating
infection, and in providing a reservoir of virus in the latent stage of infection (1.2.1.4).
In addition, using primary M4 cultures isolated from blood donor packs provided a
more realistic system for studying the effects of HIV on class H expression as the use
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of transformed cell lines represented a modified and artificial system. It is important to
note that HIV replication is much slower in M (M. Moore, personal
communication), an additional difference between primary M4, cultures and Priess
cells as representative APC.
3.3.2 Time course of viral gene integration and expression
The reverse transcnptase polymerase chain reaction (RT-PCR) was used to identify
expression of viral messenger RNA (mRNA) in HIV-infected cells. Soon after
infection, the diploid RNA genome is copied to form double stranded viral DNA
(1.2.2). This is integrated into the host genome, where it behaves as a cellular gene,
and may remain latent until viral replication is induced, possibly by activation of the
host cell. Detection of viral mRNA by RT-PCR demonstrates that the cells have been
infected; that the viral RNA genome has been reverse-transcribed and incorporated
into the host genome to form a provirus; and that this provirus has been transcribed to
form mRNA. In this experiment, it was important to determine not only that the cells
were infected, but also at what stage viral transcription and replication was initiated.
This was so that, in later experiments, it would be possible to distinguish effects
arising from active production of viral proteins from activation of cells caused by
infection.
HIV-infected Priess and H9 cells expressed relatively large quantities of viral mRNA
by day 3 of infection. This correlates with studies on M, which have been shown to
be positive for HIV mRNA at day 3 after infection (M. Moore, personal
communication). From figure 3. 1, it appeared that there was more HIV mRNA in
Priess than H9 cells. It must be noted however, that this assay was qualitative, not
quantitative. The fact that there was no apparent difference between the delay
between infection and viral mRNA expression in Priess or H9 cells indicates that, in
this system, there was no difference in the kinetics of integration and transcription of
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the provirus between professional and non-professional APC. As the RT-PCR
protocol used here was not quantitative, a difference cannot be entirely ruled out
however. It is possible that a difference might be seen if the eDNA preparations were
diluted out, as samples were provided in excess to ensure detection. Alternatively,
quantitative RT-PCR could be used for a much clearer definition of the time scale of
viral expression in the two cell types.
One limitation of this method was that it did not identify the nature of the rnRNA
species present in the infected cells. The 2 kb transcript encodes the regulatory
proteins tat, rev, and nef. Correct translation of these proteins is essential for
production of the later 4 kb transcript encoding env, and the complete 9 kb transcript
which forms the viral genome to be packaged into vinons. This experiment did not
show whether the complete 9 kb transcript was present. This is an important factor,
as expression of this species is essential for viral infectivity. Assuming that the viral
genome was correctly transcribed, this protocol did not show whether the mRNA was
correctly spliced and translated to produce the full range of viral proteins, and
therefore infective vinons.
3.3.3 Time course of viral protein release from HI V-infected Riess, H9, and

Mb

To determine whether the viral genome was correctly translated in 1 11V-infected
Priess, H9, and M, culture supernatants from infected cells were analysed for the
presence of the RT enzyme, the p24 gag core structural protein, and the gp 120
envelope glycoprotein. These proteins are present in vinons which have been released
from the cell. Examining the levels of viral proteins released from infected cells
provided a better method of comparing viral replication in Priess, H9, and M4. The
RT assay, p24 and gp 120 ELISAs were quantitative and highly sensitive, allowing the
detection of small differences in enzyme or protein concentration in culture
supernatants. Examining RT activity had an additional advantage, in that it confirmed
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that the RT enzyme produced by infected cells was functional. This was important, as
it indicated that viral proteins were correctly synthesised and processed in each of the
cell types under investigation.
In Priess cells, the lag of between 3-5 days before release of viral proteins reached a
maximal rate was expected, given that expression of viral mRNA was first seen at day
3 post infection. For each of the proteins, supernatant levels peaked at day 7-9 post
infection. The fact that RT and gpl20 levels fell sharply at day 10 of infection was
possibly due to the cytopathic effects of HIV infection, leading to a reduction in
release of these proteins. It is also possible that cell death and consequent release of
proteolytic enzymes in the infected Priess cell cultures led to degradation of the RT
and gpl20 viral proteins. It is interesting to note that levels of p24 remained high even
at day 10 of infection. It is possible that the p24 protein was more resistant to
proteolytic degradation than either RT or gpl2O. This could be tested by lysing HIVinfected Priess cells in the presence or absence of protease inhibitors. Subsequent
Western blotting or immunoprecipitation of these lysates would show whether any
proteins were resistant to proteolysis.
Patterns of viral protein release showed considerable variations between Priess, H9,
and M. Compared to Pness, levels of RT, p24, and gpl2O were lower in H9
supernatants, and greatly reduced in M. In addition, the delay before detection of
proteins in supernatants was longer in H9 and M. It is likely that the levels of viral
protein release were dependent on the activation state of each cell type. It is possible
that the Priess professional APC were initially in a more activated state than the H9
non-professional APC. Infection with HIV may have led to activation of the H9 cells,
which in turn led to increased viral replication and protein release. This is supported
by the observation that release of viral proteins from H9 cells occurred up to two days
later than Priess. M4 cells exist in a relatively inactive state until stimulated by antigen
presentation events, or in this system, by adherence of PBMCs onto plastic tissue
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culture plates. It is likely that infection with I-IIV provided an additional activation
signal. The marked difference between viral replication levels in Priess and M4
highlighted the basic differences between these two APC types, and underlined the
necessity for including primary M4) cultures in this study.
It is important to note that detection of viral proteins such as RT, p24, and gp 120 in
culture supernatants from MV-infected cells did not necessarily indicate production
of infectious virus. It is possible that these proteins were produced in cells, but not
packed into virions before being released from the cell. In addition, lysis of virions in
culture supernatants could lead to increased levels of free viral proteins. Finally,
gp 120 present in supernatants may include molecules which have been shed from the
surface of cells or virions. There are a number of ways that this could be tested. For
the p24 ELISA, virions were detergent lysed to permit binding of virion-associated
p24 molecules. Performing the assay on supernatants in the presence or absence of
detergent may give an estimate of the amount of free p24 present. A similar
measurement could be performed for gp120. If virions were precipitated out of
culture supernatants, the amount of gpl20 remaining in the supernatant could be
measured.
3.3.4 Detection of cell-associated viral proteins in HIV-infected Priess, 119, and
Mo by Western blotting
This experiment provided an additional quality control measure to assess the
expression of viral proteins in HIV-infected Press, H9, and M4. Day 5 infected cells
were used, as this was the point at which viral replication and release of virions was at
the highest rate, determined by culture supernatant levels of RT, p24, and gp120. At
this time point therefore, it was likely that levels of cell-associated viral proteins
would be high. Western blotting cell extracts from control and infected cells also
provided a further quantitative measurement for comparing of viral protein expression
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between the different cell types. This experiment also provided preliminary data,
indicating which viral proteins were readily detectable in infected cells. This
information might be of use in later co-imrnunoprecipitation or co-localisation
experiments to assess association of viral proteins and class II molecules.
The relatively high levels of viral protein expression in Priess cells correlated with the
high concentrations of these proteins in the culture supernatants of infected cells. It is
significant that high levels of cell-associated viral proteins were detected. This
indicates that a proportion of the viral proteins were retained within the cell, and not
simply secreted into the culture medium. It was possible to detect the key env and gag
proteins in infected H9 cells, despite the fact that they contained lower concentrations
of viral proteins overall. Detection of the gp4l env transmembrane subunit in H9, but
not Priess cell extracts was likely to be due to the presence of a large number of viralspecific bands between 36-55 kDa on the Priess blot. These bands probably represent
proteins such as the pr559ag precursor and the 55 kDa RT species.
Cell extracts prepared from infected M4) contained extremely low levels of viral
proteins, although the gp4l env subunit, and the p24 gag protein were still visible.
There are a number of reasons for the low level of detection. The first is that at day 5
of infection, viral replication was at a lower level than in the Priess APC line. In
addition, it was difficult to prepare very concentrated M4 extracts. Lysates were
prepared from one 75 cm 2 flask of adherent M. For this it was necessary to use at
least 400 .tl of lysis buffer which, combined with the small amount of PBS remaining
after cell washing, meant that lysates were relatively dilute compared to those
prepared from non-adherent Priess and H9 cells. The best way to combat this problem
would be to load the maximum amount of sample possible onto the gel. This could be
done by running extracts on large, thick acrylamide gels. By doing this, it would be
possible to load up to 120 j.il of sample in each well, compared to only 40 jfl using
small gels.
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It would be of value to perform semi-quantitative Western blotting experiments to
estimate the relative amounts of viral proteins present in infected Priess, H9, and M4.
This could be done by running various concentrations of recombinant gp 160, gp 120,
RT, and p24 on the gel alongside the cell extract samples. By comparing the relative
intensities of the bands from cell extract samples with bands of known protein
concentration, it would be possible to approximate the concentrations of viral proteins
in any given sample. Protein concentrations in cell extracts and supernatants could
then be compared between cell types. It would also be interesting to perform a time
course experiment, with cell extracts prepared at various time points of infection. This
would indicate whether the pattern of cell associated viral proteins changes as
infection progresses. It would also provide a link between expression of viral mRNA
expression in infected cells, and the lag before release of viral proteins into culture
supernatants.
3.3.5 Effect of HIV infection on AMC class I and class II surface expression on

Priess, H9, and macrophages
The experiment examining class I and II surface expression on control and infected
Priess, H9, and M4 was performed on the basis of evidence from earlier studies on the
expression of surface markers on infected H9 cells, M, and DC (1.2.4.1-2). It has
been proposed that the decline in antigen presentation, and accessory cell function of
infected DC is due to loss of class II surface expression (Eales et al., 1988). In
addition, there have been a number of studies which have investigated the surface
phenotype of H9 cells after infection with HIV (Kerkau et a!, 1989; Meerloo et al.,
1992; Meerloo etal., 1993; Noraz et al., 1995).
Priess and H9 cells were analysed at days 2 and 9 post-infection. The changes in
surface expression of class I and II on day 2 infected cells were likely to be due to
very early events in viral infection. At this stage viral replication was probably just
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beginning, and it is possible that any effects on class I and II expression resulted from
a general activation of transcription. By day 9 of infection, the cell population was in
an advanced state of viral replication, as determined by supernatant levels of RT, p24,
and gp 120. It is therefore likely that later changes in the surface phenotype were due
to the expression of individual viral proteins.
M were examined at days 3 and 7 after infection. It was intended to study cells at
longer time points, however it was not possible to gain sufficient cell yields for
analysis. M4) at longer culture periods tended to be more fragile, and it was difficult to
scrape the cells away from the plastic without damaging them. Flow cytometnc
analyses of more mature M4 showed significant numbers of dead cells, with no clearly
defined cell populations. In contrast to the Priess and H9 cell lines, M4 were stained
with only one class II antibody. This was because cell numbers were very low, and it
was necessary to limit the number of experiments performed. When the number of
stained cells was too low, it was difficult to identify discrete populations and staining
patterns.
Analysis of class I and II surface expression on I-IIV-infected cells showed that there
were clear differences between professional and non-professional APC. Examination
of the Priess and M4 professional APC showed that there was an increase in surface
expression of class H early in infection, from 10 18. 10 to 1451.75 WI in Priess, and
from 1508.65 to 1716.83 MFI in M4. An initial increase in surface class I was
observed on Priess cells from 383.54 to 480.62 MFI, but not on M4. As discussed
above, these early changes may have been due to a broad activation effect arising
from initiation of viral replication and transcription. The fact that surface levels of
these markers had returned to near normal levels by a later stage of infection was
significant. It suggests that the longer term effect of HIV on these APC was not to
decrease surface expression of class I and H molecules. The relatively constant
expression of class II on M4 is consistent with other studies which show that infection
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with FIIV did not have any effect on surface HLA-DR levels (Mcllroy et al., 1998;
Melendez-Guerrero et al., 1990). As a control, M4 were stained for expression of the
CD! lb monocyte/M4 marker. Levels of this marker on control and infected cells
were seen to be relatively constant throughout infection.
In contrast to the Priess and M4) professional APC, HIV infection had a distinct effect
on the surface phenotype of H9 cells. The 50% reduction of surface class I
expression, from 466.02 to 229.59 MFI, on day 9 infected cells compared to control
cells was consistent with a study by Kerkau et al. who demonstrated class I downregulation on HIV-infected H9 cells and peripheral CD4 T cells (Kerkau et al.,
1989). Notably, this study also showed decreased class I expression on infected CD4+
HeLa cells. These are cervical epithelial cells, and could also function as nonprofessional APC. It was suggested that the reduction in surface class I expression on
infected cells was due to incorporation of class I into virions released from the cells.
In this experiment, H9 cells were stained with the CD3 T cell marker as a control
(data not shown). CD3 has been shown to be incorporated into virions released from
H9 cells, albeit at a lower level than class I (Frank et al., 1996), however surface CD3
levels remained constant throughout infection.
The explanation that the high levels of class I incorporation into virions is entirely
responsible for the observed decrease in surface expression on infected H9 cells is
contradicted by the fact that class II levels are substantially upregulated. High levels
of class II molecules have been shown to be specifically incorporated into virions
released from infected cells (Arthur et al., 1992; Bastiani et al., 1997; Cantin et al.,
1997; Capobianchi et al., 1994; Castilletti et al., 1995; Frank et al., 1996; Orentas
and Hildreth, 1993; Rossio et al., 1995). It has also been suggested that class H
glycoproteins on the surface of virions actually outnumber molecules of the env
glycoprotein (Arthur et al., 1992). It is therefore possible that HTV employs a more
specific mechanism to inhibit class I expression, either at the level of transcription, by
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restricting intracellular transport of class I, or by internalising class I from the cell
surface (4.1). Such a mechanism would allow virally infected cells to escape lysis by
HIV-specific CD8 cytotoxic I lymphocytes.
The difference between the effect of FIIV infection on surface class II expression by
professional and non-professional APC was also very distinct. The early upregulation
of surface class H molecules on H9 cells corresponded to that seen on Priess and M4.
In contrast to Pness and Mo however, class II expression continued to rise
throughout infection, peaking at up to 386.96 NMI, 85% higher than the control level
of 209.06 WI. This correlated with the observation that class II expression was
increased on CD4+ T cells isolated from HIV seropositive patients (Kestens et al.,
1994). The use of the conformation-dependent L243 class H antibody indicated that
the class H molecules on infected H9 cells were conformationally mature, and were
likely to be peptide bound. Increased class H-restricted antigen presentation by nonprofessional APC in vivo may be the mechanism behind the CD4 T cell nonresponsiveness and anergy induction observed early in infection. This is discussed in
more detail in section 7.1.
The upregulation of class H shown in this experiment contrasted strongly with data
shown in previous immuno-electron microscopy (EM) studies (Meerloo el al., 1992;
Meerloo et al., 1993) and flow cytometry studies (Noraz et al., 1995), where H9 cells
infected with HIVIuB showed a significant reduction in surface class H expression.
There are a number of explanations for the apparent discrepancy between this
experiment and previous studies. The flow cytometry, and the two immunoelectron
microscopy experiments were performed on H9 cells chronically infected with
HI\'IIIB. It may be the case that long term culture of infected H9 cells led to a non-

specific loss of surface markers such as class II and CD4. In the case of the immunoEM experiments, it is possible that surface markers were lost during preparation of
infected cell cryosections, especially if these cells were in a more fragile state than

148

uninfected cells. In these experiments, it was shown that there was a loss of virion
morphology when samples were prepared for transmission EM using cryosections
instead of conventional plastic sections (Meerloo et aL, 1992). In the flow cytometry
experiment, H9 cells were infected with the HIVRF virus. This strain was derived from
an AIDS patient of Haitian origin, whilst HIVmB is of American origin (Popovic et
aL, 1984), and it is possible that these different viral strains have different effects on
the surface phenotype of infected cells.
3.3.6 Summary
The work shown in this chapter was primarily involved with establishing a protocol to
enable the study of HIV infection on the Priess B cell and H9 T cell lines, and primary

M4 cultures and the effects of this on class II expression. It was shown that Priess and
H9 cells were infectable with the HTVniB viral strain, and M4 with the HIVBa-L strain.
Infection was determined by RT-PCR detection of HIV mRNA in Priess and H9 cells.
Expression of viral proteins by infected Priess, H9, and MO was verified by
measurement of 11EV RT, p24 gag, and gp 120 env in the supernatants of infected
cells. Despite the fact that Priess and H9 cells were infected with equivalent RT units
of the HIV stock, it was seen that there was a difference in viral replication
characteristics between the Priess professional APC line and the H9 non-professional
APC line. Expression of viral proteins in culture supernatants occurred at a later stage
of infection in H9 cells. In addition, concentrations of these proteins were much lower
in H9 supernatants. Primary M4) cultures were included in this study, as these
professional APC form natural targets for HIV infection in vivo, and show markedly
different viral replication characteristics to Priess cells. The time lag before viral
proteins were released into M4 culture supernatants was much greater, and actual
quantities of these proteins were significantly lower than in the cell lines, indicating a
slower rate of viral replication.
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Comparison of class I and II expression levels on the surface of HIV-infected Pness,
H9, and M4 demonstrated that infection had very distinct effects on professional and
non-professional APC. The Priess and MO professional APC types did not show great
differences in surface expression of either class I or H over a time course of infection.
In contrast, the non-professional H9 APC line displayed a large reduction in class I
levels, whilst class II levels were greatly upregulated. It was also shown that class H
molecules on infected cells were conformationally mature, and possibly peptide
bound.
It would be of interest to extend the infection study over a longer time period,
especially in primary M cultures, which show much slower viral replication kinetics.
In order to resolve the disparity between the data shown here, and the results from
previous studies regarding the effects of HIV on H9 cells, it might be advantageous to
study infection using different viral strains, particularly HIVRF. In addition, using a
variety of different viral titres for infection of H9 cells might provide additional
information as to dosage effects on infection of professional and non-professional
APC.
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4.1 INTRODUCTION

Experiments in the previous chapter showed that the Priess B cell and the H9 I cell
lines were infectable with HIVmB, and that primary macrophage (M4) cultures were
infectable with HIVBa-L. It was seen that HTV was able to actively reproduce in these
cells, producing large quantities of infective progeny virus. This was shown by
measurement of reverse transcriptase (RT), p24 gag, and the gp 120 envelope
glycoprotein levels in culture supernatants of infected cells. It was also shown that
surface expression of conformationally mature MHC class II was highly upregulated
on HJV infected H9 cells, whilst there was a decrease in surface class I levels. On
infected Priess cells and M4, an initial rise in surface class IT levels was followed by a
decline in expression at a later stage of infection. Class I levels followed this pattern
on Priess cells, however on M class I expression on infected cells remained slightly
higher than the controls. Following on from these morphological data, class I and II
biosynthesis was compared in control and infected H9, Priess, and M in this chapter.
The aim of this was to clarify whether HIV-induced changes in class I and II surface
expression were due to net alterations in biosynthesis levels, or variations in the
kinetics or integrity of the relevant processing pathways.
It has been shown that in HI V-infected patients there is a decline in immune function
at an early stage of infection., long before the actual decline in CD4+ T cell numbers
(Blauvelt et al., 1995; Chirmule et al., 1994; Faith et al.. 1992; Manca et aL, 1992). It
is thought that this decline arises from dysfunction of both antigen presenting cells
(APC) and CD4 T cells (Ballet et al., 1988; Eales et al.. 1988; Ennen et al., 1990;
Macatonia et al.. 1990; Miedema etal.. 1988; Petit et al., 1988; Shearer et al., 1986;
Van Noesel et al., 1990). The pattern of immune system deterioration in HIV disease
appears to occur in two phases, thought to be characterised by an early loss of
secondary recall antigen responses, followed by a later decline in the ability to
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generate primary immune responses. The exact mechanism by which this occurs
remains under debate. Blauvelt et al. (Blauvelt et al., 1995), demonstrated that the
inability to generate secondary immune responses was due to a defect in T cell
function, whilst effects on primary responses were mediated by both APC and T cell
dysfunction. In contrast, Fidler et al. (Fidler et al., 1996) showed that APC function
was disrupted at an early stage of infection. The actual sequence of events in HIV
disease may be very complex, and may depend on the nature of the APC under
investigation.
It is possible that HJV affects immune cell function by modulating either MIHC class I
or II biosynthesis. Studies on a number of viruses have identified mechanisms for
down-regulating class I and II synthesis or expression (1.1.4). Immunoinodulatorv
effects have also been reported for some HIV proteins. The HIV nef gene product
affects both class I and class 11-restricted antigen presentation. Nef mediates
endocytosis of class I molecules from the surface of HIV-infected lymphoid.
monocytic and epithelial cells, inhibiting recognition and lysis by CTL (Schwartz et
al.. 1996). Nef also causes endocytosis of CD4 from the surface of T cells via clathrin
pit formation, although has no effect on CD8 (Foti et al., 1997; Garcia and Miller,
1991).
The HIV viral protein U (vpu) plays a major role in inhibiting the surface expression
of peptide-bound class I molecules, by inducing degradation of newly synthesised
class I heavy chains in the ER (Kerkau et al., 1997). Vpu affects CD4 in a similar way
in infected T cells (Wiley et al., 1992). This would have a minor effect in inhibiting
recognition of peptide-bound class II molecules, although the major effect of CD4
degradation would be to increase the amount of the envelope glycoprotein expressed
on the cell surface, by preventing the formation of env-CD4 complexes in the ER
(Wiley et al., 1992). The tat transactivator protein has a minor role in inhibiting class
I transcription, via binding to the class I promoter sequence (Howcroft et al.. 1995).
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In HIV-infected monocytic cells, it has been proposed that antigen trafficking and
class II production defects, may be due to interference by viral proteins (Polyak et al.,
1997), although the mechanisms for this are not yet known.
In this chapter, biosynthesis of M}{C class I, class II. and invariant chain (Ii) was
examined over a time course of infection with F11V- 1 in the CD4 Priess B cell line.
the CD4, class II dull H9 T cell line, and primary M cultures isolated from buffy
coats. The use of the Priess, M, and H9 cell types enabled comparisons to be made
between the effects of HIV on professional (Priess, M) and non-professional (119)
APC. Metabolic labelling and pulse chase experiments were used to compare class I
and II biosynthesis between control and infected cells. In addition. endoglycosidase H
analyses of newly synthesised class II and Ii molecules in Priess and H9' cells were
performed, to identify any differences in the rate of processing in the Golgi after
infection. The integrity of class II molecules in H]IV-infected Priess cells was
established by examining SDS stability over a time course of infection. It was hoped
that the data obtained in this study would indicate a mechanism by which HIEV
infection leads to such a widespread dysfunction of the immune system.

4.2 RESULTS

4.2.1 MHC class I, class II and invariant chain synthesis by HIV-infected Priess
cells
CD41 Priess B cells were infected with FllVnm. and cultured as described (2.1.3).
Experiments were performed at days 5 and 8 post-infection. Day 5 corresponded with
the initiation of high levels of viral replication (3.2.2-4), and day 8 corresponded to
the surface class I and II expression data in the previous chapter (3.2.6). 1.2 x iO
viable control and infected cells (determined by trypan blue exclusion) were
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radio labelled and pulse chased fbr up to 3 hours (2.5.1-4). Lysates were split into 3
aliquots and immunoprecipitated with W632 anti-class I, DA6.23 1 anti-class II, or
CD74 anti-invariant chain (Ii) (2.2.1).
Class II synthesis in control and infected Priess cells is shown on figure 4.1. Controls
were included for each stage of infection to allow for differences in gel quality and
exposure times between experiments, although each experiment was designed to be
comparable. In each of these figures, only the section of the gel containing bands was
included. Samples of whole gels are shown in section 2.5.2. It can be seen that after 5
days of infection (figure 4.1(A)), expression of class II molecules was marginally
lower in infected Priess cells, compared to the control. There was no difference in the
relative proportions of a to 3 chains synthesised, with a large excess of a chains seen
at all time points. The large a chain signal at approximately 36 kDa may also
represent p33 or p35 Ii isoforms precipitated in association with class H
glycoproteins. In both control and infected cells, it is possible to see a band migrating
at a slower rate than the band representing class II a chains. This is likely to be the
p41 isoform of Ii. It can be seen that the molecular weight of this band is gradually
reduced over time, representing proteolytic processing of Ii. In control and infected
cells, it is also possible to see higher molecular weight bands, which are likely to
represent heterodimers of a,

P . and Ii glycoproteins.

Figure 4.1 (B) compares class II synthesis in control and day 8 infected Priess cells. In
this case there was a marked difference between class II levels. Expression levels of
class II a and

P

chains, as well as Ii p41 were significantly higher in infected cells.

Levels of a//Ii dimers were also higher. No other differences were noted between
either the day 5 or day 8 infected cells and the controls, however. There was no
change in the relative molecular weights of the class H glycoproteins, nor were any
novel bands observed, which might represent viral proteins co-precipitated with class
II molecules.
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Fig 4.1

Synthesis of MHC class H in Priess cells over a time course of
infection with HIV
Priess cells were infected with HIVITIB and analysed at day 5 (A) and
day 8 (B) of infection. Control and infected cells were radiolabelled,
pulse chased and immunoprecipitated with DA6.23 1 anti class II.
Samples were run on 12% SDS-PAGE under reducing conditions.
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Invariant chain synthesis in control. day 5 and day 8 infected cells closely paralleled
that of class II, as can be seen from figures 4.2 (A) and (B) respectively. There was a
slight decrease in Ii expression between control and day 5 infected cells, with an
increase seen at day 8 of infection. Precipitation with CD74 anti-Ii also allowed
isolation of class II glycoproteins. Bands representing the a and 13 chains are clearly
visible, at approximately 37 and 30 kDa respectively. In parallel with class II
precipitation, no novel bands were seen in infected, compared to control cells.
Synthesis of class I in control, day 5, and day 8 infected cells is shown on figure 4.3.
Class I precipitates were analysed on 10-15% sucrose density gradient gels to allow
visualisation of all bands. The band at approximately 98 kDa represents the
immunoglobulin binding protein (BiP). BiP is an endoplasniic reticulum (ER)
chaperone protein which binds newly synthesised class I molecules, preventing exit
from the ER until the correct conformation is reached. BiP appears to have a similar
function to calnexin, another ER-resident chaperone protein (1.1.2.3). The band at
-45 kDa represents the class I heavy a chain, which folds to form the peptide binding
groove of class I. The multiple bands seen at this molecular weight reflect isolation of
the I-ILA-A, -B, and -C haplotypes of the class I a chain. It was also possible to see a
band representing 132-microglobulin (132M). This protein binds the class I heavy chain,
stabilising the molecule and allowing release of mature, peptide bound class I
molecules (1.1.3). It can be seen that there was no change in class I expression in
infected, compared to control Priess cells, despite the large increase in class II and Ii
synthesis at day 8 of infection.
4.2.2 MHC class I, class II and invariant chain synthesis by HIV-infected 1-19 cells
CD4, class II dull H9 T cells were cultured and infected with HIVim3 as for Priess
cells. Pulse chase analyses were performed at day 5 and 8 after infection, and cell
lysates immunoprecipitated with the W632, DA6.23 1, or CD74 antibodies. Class II
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Fig 4.2

Synthesis of invariant chain in Priess cells over a time course of
infection with HIV
Priess cells were infected with HIVIIIB and analysed at day 5 (A) and
day 8 (B) of infection. Control and infected cells were radiolabelled,
pulse chased and immunoprecipitated with CD74 anti-invariant chain.
Samples were run on 12% SDS-PAGE under reducing conditions.
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Figure 4.3

Synthesis of MHC class I in Priess cells over a time course of infection with H IV
Priess cells were infected with HIVIIIB and analysed at day 5 (A) and day 8 (B) of infection. Control and
infected cells were radiolabelled, pulse chased and immunoprecipitated with W632 anti-class I. Samples were
run on 10-1 5% sucrose density gradient gels under reducing conditions.
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synthesis in control and infected H9 cells is shown on figure 4.4. Expression of class
II was much lower in H9, than Priess cells, and the proportion of the

P

chain

glycoprotein appeared to be much closer to that of the a chain. The relative molecular
weights of the a and

P glycoproteins were the same in Priess and H9 cells, however.

Infection with HIV led to a large upregulation in class II synthesis by H9 cells, as can
be seen on figure 4.4. The increase in expression was much greater than that seen
between control and infected Priess cells, and was observed at an earlier stage of
infection. Synthesis of class II molecules in H9 cells was increased at day 5 after
infection, a trend that continued through to day 8. In a similar way to Priess cells,
however, no novel bands were observed in infected cell extracts which might
represent coprecipitation of viral proteins.
Synthesis of Ii in control and HIV-infected H9 cells is shown on figure 4.5.
Expression levels were lower than in Priess cells, although the band distribution was
similar. Ii/class II dimers were observed, and the class II a and 3 chains were coprecipitated in association with Ii molecules. 3 chain levels were maximal immediately
after labelling, with a decrease seen over 30 and 180 minutes of pulse. It is likely that
this reflected class II maturation and release of a and

P chains from Ii. The constant a

chain levels were possibly due to the presence of p33/35 Ii isoforms. A comparison
between Ii synthesis in control and day 5 infected H9 cells showed a similar trend in
expression to class II, in that there was a large increase in Ii levels at day 5 of
infection. In contrast to class II synthesis however, by day 8 of infection Ii levels were
similar in control and infected cells. It is important to note that the 1>41 isoform
showed proteolytic cleavage over time. This is visible in day 8 infected Ii precipitates.
Class I molecules precipitated from control and infected H9 cells (figure 4.6) showed
similar characteristics those synthesised by Priess cells. BiP and 02M were isolated,
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Fig 4.4

Synthesis of MHC class II in H9 cells over a time course of
infection with HIV
H9 cells were infected with HIVma and analysed at day 5 (A) and day
8 (B) of infection. Control and infected cells were radiolabelled, pulse
chased and immunoprecipitated with DA6.23 1 anti class II. Samples
were run on 12% SDS-PAGE under reducing conditions.
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Fig 4.5

Synthesis of invariant chain in H9 cells over a time course of
infection with HIV
H9 cells were infected with HiVirm and analysed at day 5 (A) and day
8 (B) of infection. Control and infected cells were radiolabelled, pulse
chased and immunoprecipitated with CD74 anti-invariant chain.
Samples were run on 12% SDS-PAGE under reducing conditions.
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Figure 4.6

Synthesis of MHC class I in 119 cells over a time course of infection with HIV

H9 cells were infected with HIVIIIB and analysed at day 5 (A) and day 8 (B) of infection. Control and infected
cells were radiolabelled, pulse chased and immunoprecipitated with W632 anti-class I. Samples were run on
10-15% sucrose density gradient gels under reducing conditions.
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and it was possible to see multiple bands representing the heavy a chain. Levels of
class I synthesis did not change, even at day 8 of infection with H1IV.
4.2.3 MHC class I, class II, and invariant chain synthesis in HIV infected primary
macrophage cultures
Primary macrophages (M) were isolated from buff' coats, cultured, and infected
with HIVI3a.L as described (2.1.2-3). At 3 or 7 days after infection, M were
examined by pulse chase analysis, with controls included at both time points. Samples
were immunoprecipitated with W632 anti-class I, DA6.23 I anti-class II. or CD74
anti-Ii.
Class II synthesis in control, day 3, or day 10 infected

M4 is shown on figure 4.7.

Class II molecules immunoprecipitated from primary M4) displayed similar
characteristics to those isolated from control and HIV-infected Priess cells, although
levels of expression were much lower. This may have been due to a lower level of
metabolic activity of M4. It can be seen that the class II a chain was synthesised in
excess of the 3 chain, which correlated with patterns of class II expression in Priess
cells. The Ii p41 isoform was also co-precipitated with class II molecules from M0.
and it is possible to detect a small amount of Ii processing over time.
One difference between Priess cells and M. was that bands representing class II

a/i1i heterotrimers were precipitated from M4 at later stages of culture. These bands
migrated at a much higher molecular weight than those seen in Priess or H9 cells.
There was no difference in class II expression between control and day 3 infected M
(figure 4.7(A)), with no increase in class II a and

P chain synthesis after infection. By

day 7 of infection (figure 4.7(B)), there was a slight increase in expression seen in
infected cells. This change was not as pronounced as that seen in Priess cells however.
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Fig 4.7

Synthesis of MHC class II in primary macrophages over a time
course of infection with H1V
Primary macrophage cultures were infected with Iii VBa-L and analysed
at day 3 (A) and day 7 (B) of infection. Control and infected cells were
radiolabelled., pulse chased and immunoprecipitated with DA6.23 1 anti
class IL Samples were run on 12% SDS-PAGE under reducing
conditions.
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Infection with HIV did not lead to the formation of novel a/n/viral protein complexes
at any time point.
Ii expression in control and infected

M4 is shown on figure 4.8. The profile of Ii

expression varied, depending on the length of culture of the M. It can be seen that
expression of Ii proteins was higher in more mature M4, with increased synthesis of
the p41/43 isoforms, and higher levels of Ii-associated class II a and

0 chains. At day

3 of infection there were no differences in Ii levels between control and infected cells.
After 7 days of infection it was possible to detect a very slight difference in expression
levels, however this was too small to be significant. The change in class II expression
levels at day 7 of infection was reflected by an increase in the levels of the class II
chain coprecipitated with Ii molecules. Increases in a chain expression were difficult
to detect due to the high intensity of the band.
Class I synthesis was also examined in this experiment, and is shown on figure 4.9. It
is possible to detect bands representing BiP, the a heavy chain, and J32M at all stages
of M4 maturation. In contrast to expression in control and infected Priess and H9
cells, it can be seen that class I levels were higher after infection with HIIV. There was
a small, but distinct increase in band intensity in both day 3 and day 7 infected cells
over the respective controls. An important consideration is that it was much more
difficult to control and standardise cell numbers in M experiments. Non-adherent
Priess and H9 viable cell numbers were accurately determined at the start of the
metabolic labelling experiment by counting and trypan blue exclusion. In M cultures,
although the PBMCs were seeded at the same levels after separation. the actual
number of viable cells at the time of experimentation were more variable.
Class I and II levels were compared in

M4 over a longer time course of infection with

HIIVBa-L. Flasks of MO from a single buff' coat were infected at day 3, 6, and 10 of
culture, and analysed by radiolabelling and immuno precipitation with W632 and

166

Fig 4.8

Synthesis of invariant chain in primary macrophages over a time
course of infection with HIV
Primary macrophage cultures were infected with HTVBa-L and analysed
at day 3 (A) and day 7 (B) of infection. Control and infected cells were
radio labelled, pulse chased and immunoprecipitated with CD74 antiinvariant chain. Samples were run on 12% SDS-PAGE under reducing
conditions.
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Fig 4.9

Synthesis of MHC class I in primary macrophages over a time
course of infection with HIV
Primary macrophage cultures were infected with HIVBa-L and analysed
at day 3 (A) and day 7 (B) of infection. Control and infected cells were
radiolabelled, pulse chased and immunoprecipitated with W632 anticlass I. Samples were run on 10-15% sucrose density gels under
reducing conditions.
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DA6.23 I at day 15 of culture. Therefore the data shown on figure 4.10 represented
expression of class I and II molecules at 0. 5, 9, and 12 days of infection. It can be
seen that class I levels increased slightly after infection with HIV (4.10(A)),
correlating with the previous experiment. Longer periods of infection with HIV led to
a large increase in class II synthesis (4.10(B)). It can be seen that levels of the a chain
were significantly higher in day 12 infected M4, compared to cells at earlier stages of
infection. The increase in class II synthesis was larger than that seen for class I
molecules.
4.2.4 Endoglycosidase H analysis of newly synthesised class II and invariant chain

molecules in control and day 8 infected Priess and H9 cells
Priess and H9 cells were infected with HIVUIB as described (2.1.3). At day 8 of
infection, 1.6 x 107 control or infected Priess and H9 cells were radiolabelled. chased
for up to 4 hours, and immunoprecipitated with DA6.23 1 anti-class II or CD74 antiIi. Precipitates were split into 2 aliquots, one of which was digested with the
endoglycosidase H (endo H) enzyme (2.5.6). This experiment was designed to
highlight any changes in the kinetics of early class II processing events, by comparing
glycosylation in the Golgi between control and infected cells.
Figure 4.11 shows endo H digestion of class II molecules isolated from control and
infected Priess cells. It is possible to detect a slight increase in class II expression
levels in day 8 infected cells compared to the control, correlating with results from the
previous metabolic labelling experiment. The increase in expression is not as great as
seen in figure 4. 1, however. It can be seen that during the first 30 minutes of chase, all
class II molecules were in an endo H sensitive state (indicated on the figure by (S)).
Bands representing the a and

P glycoproteins are easily visible, and underwent a large

drop in molecular weight after digestion. It is also possible to detect ctJI3/Ii complexes
which were endo H sensitive at this time.
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Figure 4.10 Expression of MHC class I and II in primary macrophages over a time course of infection with HIV
Primary macrophage cultures were infected with HIVBa-L and analysed at day 5, day 9 and day 12 of
infection. Control and infected cells were radiolabelled, pulse chased and immunoprecipitated with W632 anticlass 1(A) or DA6.231 (B). Samples were run on 10-15% sucrose density gradient gels (A) or 12% SDSPAGE (B) under reducing conditions.
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Fig 4.11

Endoglycosidase H digestion of MHC class II synthesised in
control and day 8 infected Priess cells
Priess cells were inrected with HIVifiB and analysed at day 8 of
infection. Control (A) and infected cells (B) were radiolabelled, pulse
chased and immunoprecipitated with DA6.23 1 anti-class II. Samples
were split and one aliquot was digested with endoglycosidase H.
Samples were analysed on 12% SDS-PAGE under reducing
conditions. Control (-) and endo H (+) samples were run together for
clarity.
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Endo H resistant forms of the a and 13 chains were first seen at 120 minutes of chase,
with bands present in the control samples retained after endo H treatment. The
relative molecular weights of endo H sensitive and resistant forms did not change in
control and infected cells. The endo H resistant forms of the a and

13 chains migrated

at a slightly slower rate, which probably reflected glycosylation by enzymes in the
Golgi. There was no difference in the kinetics of class II processing between control
and day 8 infected Priess cells. In both control and infected cells, a small proportion
of a and

13 chains persisted in an endo H sensitive state, although it was difficult to

detect immature a chains, as they migrated at approximately the same molecular
weight as the endo H resistant

13 chains.

The early processing kinetics of Ii in Priess cells followed a similar pattern to those of
class II, as shown on figure 4.12. There was a band representing the p4 1 Ii iso form.
The class II a and

13 chains were present in relatively large quantities. The higher

molecular weight bands at approximately 75-80 kDa show heterodimers of Ii isoforms
and class II glycoproteins. All of the proteins isolated were detectable in both control
(A) and infected (B) Priess cells.
The p41 Ii iso form was sensitive to endo H digestion at the start of the chase period shown by a decrease in molecular weight, and indicated by (S) on figure 4.12.
Resistance to the enzyme was first detected at 120 minutes of chase. In a similar way
to treatment of class II precipitates, endo H-sensitive forms were seen even after 240
minutes of chase. Notably, few of the invariant chain/class II dimers were converted
to resistant species. No differences were detected in processing characteristics
between day 8 infected and control Priess cells. It can be seen that the p41 Ii isoform
was processed in both control and infected cells, shown by a decrease in the
molecular weight of the p41 (R) band. Overall levels of Ii were slightly higher in
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Figure 4.12 Endoglycosidase H digestion of invariant chain synthesised in control and day 8 infected Priess cells

Priess cells were infected with 1 -HVUIB and analysed at day 8 of infection. Control (A) and infected cells (B)
were radiolabelled, pulse chased and immunoprecipitated with CD73 anti-invariant chain (Ii). Samples were
split and one aliquot was digested with endoglycosidase H. Samples were analysed on 12% SDS-PAGE under
reducing conditions. Control (-) and endo H (+) samples were run together for clarity.
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infected cells. This observation correlates with the data shown in section 4.2.1, where
levels of class II and Ii were increased in day 8 infected cells.
Class II and Ii processing kinetics were also examined in day 8 infected H9 cells. It
was not possible to detect a signal for DA6.23 1 immunoprecipitates, however. This
may have been due to the splitting of each sample for endo H positive and negative
treatment. As the level of class II in H9 cells was inherently very low, this may have
taken the band intensity below the levels of detection by autoradiography.
Endo H treatment of newly synthesised Ii molecules is shown on figure 4.13. It can be
seen that levels of Ii were lower than those in Priess cells, correlating with data
obtained in previous pulse chase experiments. H9 cells also expressed the p41 Ii
isoform. It was possible to detect bands representing the class I cx and

P

chains in H9

cells. Newly synthesised class II and Ii molecules were completely sensitive to endo H
treatment. This trend was observed throughout the chase period, with no endo H
resistant forms observed in either control or day 8 infected cells. It is likely that the
inability to detect mature glycoproteins was due to the low signal in these cells, with
the endo H resistant forms below autoradiography detection levels.
4.2.5 SDS stability of class II molecules in control, day 3 and day 10-infected
Priess cells
Priess cells were infected with HIVma and cultured as described (2.1.3). At 0, 3 and
10 days of infection, 1.2 x 107 cells were radiolabelled and pulse chased for 0, 30.
120, or 240 minutes. Cell lysates were split into 2 equal aliquots and
immunoprecipitated with the DA6.23 1 class II antibody. Samples were incubated and
washed as normal, then resuspended in sample buffer containing either 2% or 10%
SDS (2.5.7).
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Figure 4.13 Endoglycosidase H digestion of invariant chain synthesised in control and day 8 infected 119 cells
H9 cells were infected with HIVIIIB and analysed at day 8 of infection. Control (A) and infected cells (B) were
radiolabelled, pulse chased and immuno precipitated with CD73 anti-invariant chain (Ii). Samples were split
and one aliquot was digested with endoglycosidase H. Samples were analysed on 12% SDS-PAGE under
reducing conditions. Control (-) and endo H (+) samples were run together for clarity.
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Figure 4.14 shows treatment of newly synthesised class II molecules with 2% (A) or
10% (B) SDS. The distribution of bands was similar to that seen in previous Priess
metabolic labelling experiments, with large quantities of the class II a and
glycoproteins present. In addition, a band representing Ii p41 was seen. Higher
molecular weight bands were observed, representing non-covalently linked class II a
and

0

chains. It can be seen that the proportions of SDS-stable class II heterodimers

isolated from Priess cells did not change even at day 10 of infection with HIV. The
high molecular weight band was present throughout the chase period, and at all stages
of infection in samples treated with 2% SDS. Treatment ofDA6.231 precipitates with
10% SDS disrupted the class II heterodimers, leading to almost complete loss of the
high molecular weight band, even in control cells.

4.3

DiscussioN

4.3.1 Comparison between the effects of HIV infection on class II and Ii

expression by Priess and 1-19 cells
It has been shown that the decline in the immune systems, and the consequent
immuno suppression of HTV seropositive patients, is due to defects in both T cells and
APC such as macrophages (M') and dendritic cells (DC) (Shearer et al., 1986). It is
possible that the fault is at the level of antigen presentation, perhaps in the T cell
receptor (TCR)/class II interaction. This theory is supported by the observations that
l-IIV preferentially infects class II positive cells, such as M4. DC, and activated T cells
(Rowell et al.. 1995a). Alternatively there may be a defect in secondary accessory
functions such as the B7/CD28 interaction. Synthesis of class I. IL and Ii was
examined and compared between the Priess professional APC B cell line and H9, the
non-professional APC T cell line. From this it was hoped to identify changes in early
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Fig 4.14

Synthesis and SDS stability of MHC class H in Priess cells over a
time course of infection with HIV
Priess cells were infected with HIVmB and analysed at day 3 and day
10 of infection. Control and infected cells were radiolabelled. pulse
chased and inimunoprecipitated with DA6.23 I anti-class H. Samples
were analysed by 12% SDS-PAGE in sample buffer containing 2% (A)
or 10% (B) SDS.
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CD4 T cells. It is also possible that the dichotomy between the effects of HIV lies in
the greater influence of IFN-y on class II expression by T cells, compared to B cells
and M4.
It is possible that HTJV employs a strategy to inhibit class 11-restricted antigen
presentation by APC, in this case Priess which is reflected in the discrepancy between
decreased class H surface expression (figure 3.6 and section 3.2.6), even in the face of
increased biosynthesis. It is possible that, as infection progresses, HJV disrupts of the
integrity of the processing pathway by interfering with transport of class II molecules
to the cell surface. The increase in class II synthesis may also be accompanied by an
increase in intracellular degradation of class H molecules in infected cells. This
question could be resolved by looking at class II and Ii synthesis over a much longer
time period. Extending the chase time in radiolabelling experiments might indicate
differences in the rate of degradation of class II and Ii between control and infected
cells.
The mechanism by which HIV infection affected class II expression in professional
APC was not clear. As no viral proteins were co-precipitated with class II or Ii
molecules, it did not appear that they bound directly to class II molecules to alter
surface expression. This cannot be ruled out however, as it is possible that this assay
was not able to isolate bound proteins, or that these proteins were below the level of
detection. On the basis of studies on class I-associated regulatory proteins (Sadasavan

et al.. 1996), the detergent digitonin had been tested as a lysis agent for control and
HJV-infected Priess and H9 cells. This was intended to maximise the possibility of
isolating class II/viral protein complexes. Using the milder detergent made no
difference to coprecipitation of viral proteins however (2.5.3), so NP40 was used in
all experiments.
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Class I molecules were synthesised at similar levels in Priess and H9 cells, and
expression did not change, even after infection. In one respect, this was expected, as
class I is constitutively expressed on the surface of all nucleated cells. Unlike class H,
class I levels on non-professional APC are not totally dependent on induction by
external regulatory factors, although IFN-y may enhance class I-restricted antigen
presentation (1.1.2.2). These data did not correlate with the flow cytometry data in
chapter 3, where surface class I levels were down-regulated at later stages of infection
on H9 cells. This discrepancy may reflect internalisation of class I from the cell
surface by the WV nef protein (Schwartz et aL, 1996). Studies of other viruses have
identified viral proteins which modulate synthesis and/or expression of class I (1.1.4).
Viruses which modulate class I expression include the herpes simplex virus (HSV),
human cytomegalovirus (HCMV), Epstein-Barr virus (EBV), and adenovirus.
4.3.2 Effects of HIV infection on class II expression by primary macrophages
Class II expression was also examined in primary

M4 cultures infected in vitro with

FIIVBa-L. It was especially important to include controls for experiments at each stage

of infection. This allowed observation of general changes in the maturational state of
the MO to be observed, which might otherwise be mistaken for effects of WV
infection. Cells at day 3 or 7 after infection represented M4 at day 6 and 10 of culture
after separation from buffy coats. Freshly isolated

M4 were cultured for three days

before infection with HTVBa-L to allow differentiation and maturation of the cells. This
made the MO more permissive for infection. In contrast, the Priess and H9 cell lines
had the advantage of being consistent in their differentiation state throughout culture,
and could be infected at any time.
Comparisons between data obtained from Priess cells and primary M4, show that M4)
were less susceptible to the effects of WV infection than Priess cells at a similar stage
of infection. This was seen at the levels of both biosynthesis and surface expression. It
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is possible that there are subtle differences in the way in which HITV interacts with the
class II antigen presentation pathways of B cells, which are not natural targets for
HIV infection, and M, which are infectable in vivo. When the infection time was
increased in M4, a large rise in class II expression was observed. The difference in
class II expression patterns between HIV-infected Priess and primary Mo cultures
was likely to be due in part to the difference in synthetic activity between the two
professional APC types. As shown by comparison of labelling times (2.5.4.2), M4
were less metabolically active than Priess, reflected in the longer incubation period
with 35S-cysteine/methionine required to give a detectable signal on autoradiography.
In addition, biosynthetic levels of class I, II and Ii were much lower in M4 compared
to Priess, despite comparable steady-state class I and II surface expression..
It is possible that the lower biosynthetic activity of M4 also led to decreased levels of
HIV replication, despite the fact that HIV-specific mRNA can be detected in Mo at 3
days post-infection (M. Moore, personal communication), equivalent to Priess and H9
cells. This might lead to a longer lag period before alterations in class II expression
were seen. HTV replication in cells of the monocyte/M4) lineage requires cellular
activation and differentiation. Maximal replication of HTV in APC is achieved after
interaction with T cells, and is thought to depend on antigen presentation (Schrier et
al.. 1993). In this system, adherence onto plastic tissue culture plates was sufficient to
support detectable levels of viral replication (3.2). In addition, HIV-infected Mo can
be maintained in culture for up to 21 days (M. Moore personal communication), far
longer than Priess or H9 cells. This may be a reflection of the lower viral replication
levels delaying HI V-induced cytopathicity.
A major difference between HIV infection of the two professional APC types was that
class I expression was upregulated in both day 3 and day 7 infected M. In contrast.
levels of class I synthesis were seen to be relatively constant in infected Priess and H9
cells. This difference may also have been due to the lower metabolic activity of M. It
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is possible that infection with HIV provided an additional activation signal to the M4),
stimulating increased expression of class I in an indirect fashion. The relatively low
metabolic activity of the M4) would highlight small differences in both class I and class
II biosynthesis which might otherwise be masked in the highly active Priess and H9
cell lines.
4.3.3 Effects of HIV infection on Golgi processing of newly synthesised class II
and invariant chain molecules in Priess and H9 cells
In an attempt to resolve the mechanism by which HIV infection mediates changes in
class II expression. the kinetics of Golgi processing of newly synthesised class II
molecules were examined in day 8 infected Priess and H9 cells. This time point was
chosen, as it was the stage at which upregulation of class II synthesis was observed in
Priess cells. It is possible that alterations in the class II processing pathway, leading to
disruptions in the integrity of class II molecules, play a greater role in mediating
changes in APC function than in T cell function. As discussed above, class II synthetic
changes in H9 cells may simply be quantitative, as opposed to qualitative. In Priess
cells, HIV may have an additional effect on the integrity of class II molecules, shown
by a slight decline in surface expression despite increased biosynthesis. For this
reason, the experiment was performed at a time point more suited to observe I-IIVspecific changes in class II glycosylation in Priess, rather than H9 cells.
The fact that no differences were seen in the kinetics of Golgi processing of newly
synthesised class II or Ii molecules in MV-infected Priess cells has two implications.
The first is that it indicates that professional APC dysfunction does not result from
gross conformational differences arising from inefficient or altered glycosylation of
class II molecules in infected cells. Secondly, it confirms that HIV does not alter early
processing events in the class II biosynthetic pathway directly in Priess cells by
retaining newly synthesised class II molecules in the ER. In addition, no changes were
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observed in glycosylation of newly synthesised Ii molecules in H9 cells, which
suggests that the observed increase in class II surface expression on infected cells was
due to a net increase in production, and did not result from an increase in the rate of
processing through the Golgi. This was supported by the observation that IFN-'y was
synthesised by HIV-infected H9 cells, which would tend to upregulate class IT gene
expression, resulting in increased class II synthesis.
It would also be advantageous to compare the rates of surface expression of class I
and II molecules between control and infected cells. This could be examined by
biotinylation experiments, where surface molecules are labelled with biotin; class I and
II molecules immunoprecipitated as usual; then biotinylated molecules isolated using
strept-avidin. By combining this with radio labelling and pulse chase experiments, it
should be possible to measure the rate at which newly synthesised class II molecules
are expressed on the cell surface. Changes in the kinetics of surface expression might
clarify the discrepancy between class II biosynthesis and surface expression in Priess
cells, and may give an indication of the mechanism behind APC dysfunction.
4.3.4 SDS stability of class II molecules in HIV infected Priess cells

Another possible explanation for the proposed decline in antigen presenting function
in APC, despite the higher levels of class II synthesis observed in this study, is that
HIV infection leads to a change in the peptide-loading capacity of newly synthesised
class II molecules. HIV could interfere with peptide loading in two ways. The first is
that viral proteins might interact directly with class TI molecules, interfering with
Ii/CLIP release and/or peptide loading. The BZLF2 ORF protein of EBV binds to the
3 chain of class II, blocking the peptide-binding groove, and inhibiting class IIrestricted antigen presentation (Spriggs et al.. 1996). Alternatively, the cytopathic
effects of HIV on infected cells could lead indirectly to a dysfunction in antigen
processing and class II loading. Both scenarios could lead to an alteration in the
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integrity of class II molecules in Priess cells. This would provide an explanation for
the decline in stimulatory capacity of professional APC in HI V-positive patients.
To check the efficiency of peptide loading and class II maturation, the SDS stability
of class II molecules in control and infected Priess cells was examined. Efficient
peptide loading of class II molecules is thought to confer SIDS stability on class II a3
heterodimers. Empty or 'floppy' heterodimers are not stable, and dissociate when
incubated in SDS at room temperature. Changes in SDS stability after infection would
indicate HIV-mediated alterations in peptide loading efficiency. The fact that no
difference was seen in SDS stable dimer formation in control, day 3, and day 10infected Priess cells was important, as it indicated that class II molecules synthesised
by infected APC were in a conformationally mature state and able to present antigens
to I cells. Class II precipitates were treated with a higher concentration of SIDS as a
control to ensure that the higher molecular weight band did in fact represent SDS
stable class II heterodimers.
It would be advantageous to test SIDS stability of class II molecules synthesised by
HIV-infected H9 cells. The large increase in conformationally mature class II
molecules on the surface of infected T cells may represent conversion of a proportion
of immature class II af dimers to a mature form. Testing the SDS stability of class II
molecules in H9 cells might help to identify the mechanism for the upregulation of
surface expression of conformationally mature class II molecules on infected cells.
4.3.5 Summary

By comparing the data obtained in this chapter and in chapter 3. it is possible to
detect differences in the way in which HIV infection affects the class II biosynthetic
pathway in professional and non-professional APC. HIV has two broad effects, the
first on class II gene expression, and the second at a later. post-Golgi stage in
processing. The 111EV-specific upregulation in gene expression may be an indirect
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effect, arising from IFN-y induction. T cells are more susceptible to upregulation than
B cells or M. This was highlighted by the delay before an FIIV-specific increase in
class II gene expression in APC. It was shown that changes in class II synthesis were
due to a net increase in the number of molecules synthesised. There was no difference
in the rate at which newly synthesised class II and Ii molecules were transported
through., and processed in the Golgi apparatus, between control and infected cells.
The effect of HIV on the later stages of class II processing showed a much greater
difference between T cells and APC. In T cells, the increase in class II synthesis was
reflected by an increase in surface expression throughout infection. This was not the
case in B cells and M4, where there was no increase in surface staining. The
mechanism for MV-specific inhibition of surface expression in these cells was not
clear, as there was no change in the integrity of the class II molecules synthesised in
infected cells, as determined by endo H analysis, and SDS stability of class II a
heterodimers. Both effects may lead to dysfunction in class IT-restricted immune
responses. Increasing expression of class II on T cells may lead to increased antigen
presentation by these cells, possibly leading to anergy induction in the responder cell
population (7.1). In contrast, limiting class II expression by APC might limit the
ability of these cells to increase class IT-restricted antigen presentation in response to
increased invasion by opportunistic pathogens, and to HIV itself.
To ascertain whether viral proteins interact with the class IT processing pathway or
associate with class II directly, metabolic labelling experiments could be combined
with subcellular fractionation and immunoprecipitation. In this way, individual
intracellular compartments could be examined for differences in class II
characteristics, and also for coprecipitation of viral proteins which might be involved
in modulating class II surface expression. This might provide a clearer picture of
events occurring in HIV-infected cells, and where possible interactions between HI[V
and class H might take place. It would be desirable to immunoprecipitate viral
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proteins directly to examine coprecipitation of class II proteins. This could also be
combined with subcellular fractionation experiments to determine whether class II a
and

P

glycoproteins and viral proteins colocalise in the same intracellular

compartments. In this study. visualisation of viral proteins by immunoprecipitation
was not possible, due to a lack of highly specific antibodies. The degree of crossreactivity with native cellular proteins shown by a number of monoclonal antibodies
led to many non-specific bands which obscured precipitation of viral proteins of
interest.
There have been a number of studies which suggest that HIV-infected APC lose
accessory cell function (Ennen et al., 1990; Petit et al., 1988). The B7/CD28
interaction provides a vital co-stimulatory signal to responder T cells in vivo. It is
important to note that B7 expression by APC is important for inducing primary T cell
responses, and is thought to mediate early T cell activation (Powers et al., 1994). It is
possible that B7/CD28 binding does not take place during antigen presentation by
HIV infected APC, leading to an inability to induce primary immune responses and
induction of T cell anergy. This theory is supported by observations that T cell
function can be restored by addition of antibodies to CD28 (Faith et al., 1996; Tuosto
et al.. 1995). It must be noted that other studies have shown that costimulation via
CD28 occurs normally in infected cells (Meyaard et al., 1995). For this reason., it
would be helpful to investigate biosynthesis and surface expression of co-stimulatory
molecules such as B7 on HIV-infected APC.
On the basis of observations that antigen presentation by infected APC leads to
activation of the APC and upregulation of HIV replication (Fuleihan et al.. 1994;
Lewin et al.. 1997; Shattock et al., 1996; Tsunetsugu- Yokota ci al.. 1995), it would
be relevant to investigate the effects of adding back CD4 T cells to infected M4 in
culture, in combination with either recall antigens (purified protein derivative/tetanus
toxoid) or mitogens (phytohaemagglutinin, PHA). In this way, it would be possible to

examine patterns of class H expression in FIIV infected

Mo after antigen presentation

and stimulation by interactions with T cells. Following on from experiments using
primary M4 cultures, it would also be beneficial to examine the effects of HIV
infection on CD4 I cells isolated from PBMCs, stimulated with PHA, then infected
with a primary HIIV isolate. This would help to move the system away from using
artificial cell lines and laboratory-adapted viral strains.
4.3.6 Addendum to Chapters 3 and 4
Before coming to definitive conclusions regarding the effects of HIV infection on
class II expression in Priess cells, H9 cells and primary macrophage (M4) cultures, it
is important to note that the data shown in chapters 3 and 4 should be considered to
be qualitative rather than quantitative, as to some extent, only subjective
measurements were made. For the experiments in these chapters to be fully objective,
and to ensure the relevance of trends in the data, a number of controls should be. A
number of potential protocol improvements are described below. Changes to the
experimental protocols would also have relevance for the transfection experiments in
the following data chapters 5 and 6.
In the flow cytometry experiments in chapter 3 (3.2.6), and also in chapters 5 and 6
(5.2.6; 6.2.6) it was seen that there was a small degree of cross reactivity of the
FITC-conjugated detection antibody with cell surface markers on Priess and H9 cells.
This phenomenon was less pronounced with primary macrophage (M') cultures
however. In the case of Priess cells, it is possible that this non-specific fluorescence is
due to binding of antibodies to Fc receptors on the surface of these B cells, a factor
which may also affect binding of experimental antibodies to the cell surface. Without a
reliable measurement of non-specific binding, it is impossible to quantitate changes in
surface marker expression fully, either between infection conditions, or between cell
types. One way to assess the degree of Fc receptor binding, and also to combat this,
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would to use irrelevant, isotype-matched antibodies which, if added first, could be
used to block Fc receptors on B cells. On the H9 T cells, in addition to Priess,
irrelevant control antibodies might also highlight the degree of non-specific binding of
the detection antibodies.
In parallel with flow cytometry, radio labelling and immunoprecipitation experiments
formed a central part of this study, and were used for quantitative comparisons
between class I, class II and Ii biosynthesis and expression in control and infected
cells in chapter 4. To make these experiments fully quantitative however, it would
have been necessary to include a control antibody, for example to J3-actin, as the
levels of this should be constant, regardless of the experimental conditions. f3-actin
mRNA levels were examined in the RT-PCR experiment (3.2. 1) to establish that total
RNA levels were constant throughout the time course and that changes in HIV
mRNA detection were not due to differences in the quality of the purified mRNA.
Although Trypan blue exclusion was used in immunoprecipitation experiments to
ensure equal levels of viable cells between difference experimental conditions.
throughout the course of the experiment, there may be still be loss of cells due to
centrifugation and mixing. Using 3-actin labelling would allow quantification of
immunoprecipitation experiments, as changes in band intensity would indicate
discrepancies in cell numbers between lanes. This would therefore provide a level
against which to compare HIV-dependent changes in detection of experimental
antibodies, such as class II or invariant chain (Ii. A 3-actin control would also
enhance the accuracy of data obtained using a phosporimager or densiometry
software, allowing quantification of band intensity.
In immunoprecipitation experiments it would also have been of value to include
controls to ensure that the bands identified as class II or Ii actually corresponded to
these proteins. For this purpose knockout cell lines could be used in parallel to the
experimental cell lines. The differences in protein expression profiles between control
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and knockout cells would help to identify the proteins of interest with a greater
degree of certainty. Use of knockout cell lines would also be of value in distinguishing
between bands relating to class II and to Ii in Priess, H9 and primary MO cultures.
These can often be difficult to identify correctly, due to the similarity in sizes of these
proteins. In the transfection experiments in chapters 5 and 6 which used CHO cells
transfected with human DR4, identifying class II was made easier by the absence of
confusing Ii bands, and also by the use of control, untransfected CR0 cells. In a
similar way to flow cytometry experiments, the use of irrelevant antibodies, preferably
isotype matched would also help to highlight non-specific binding of proteins to
experimental antibodies.
One disadvantage to using extra cell lines and antibodies in these experiments is that
adding extra experimental parameters may significantly increase the size of each
experiment. When investigating two cell lines using HIV infected and uninfected cells
at 3 time points, and 2 or 3 antibodies for each condition, it is easy for the
experiments to become unmanageably large. To combat this, the controls using
knockout cell lines, and possibly also irrelevant antibodies need only be used once at
the start of the study to allow identification of the proteins of interest. In contrast,

13-

actin labelling would obviously have to be used in each experiment where
quantification and comparison of protein levels was desired.
Even when the above qualitative and quantitative controls are used, there are still
inherent inaccuracies associated with the experimental procedures used in this study.
In experiments investigating infection of cell lines by detection of culture supernatant
levels of RT, p24 and gp 120, the starting cell numbers were controlled for as much as
possible by the use of Trypan blue exclusion and using equal cell numbers as a starting
point for infection in all experiments. The data in these experiments may be open to
question however, as there was no internal quantification of cell numbers during the
FITV infection time course. The transfection experiments in chapters 5 and 6 were
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Rely to be more accurate than infection studies for a number of reasons. The first is
that all transfections were performed at least in triplicate, allowing average values for
evaluation experiments, such as supernatant gp120 and chioramphenicol
acetylatransferase activity to be calculated. In addition the cell numbers at the start of
the experiment were very tightly controlled, and culture conditions were comparable
between experiments.
Variations in cells numbers throughout infection experiments may also have a bearing
on the differences in culture supernatant levels of RT, p24 and gp 120 observed during
the progression of the HIV infection time course. It is possible therefore, that an
increase in total cell numbers would affect the upward trend of viral protein release
observed (3.2.2-4). Cell number variations between cell types may also explain the
large differences observed between Priess, H9 and M4), especially in the case of M,
where there likely to be considerably fewer cells than in the non-adherent cell
suspensions, due to limited cell replication. For this reason., any comparisons between
viral protein release by different cell types must be treated with caution before any
firm conclusions can be drawn.
In addition to the question of total cell numbers, the percentage of cells infected with
HIV or transfected with viral proteins has a large bearing on the data obtained in this
study. When looking at surface expression of class II using flow cytometry, or at class

II production using immunoprecipitation, it is the whole population of cells which is
under investigation. Although this population includes both infected and uninfected
cells, from these data it is not possible to determine the proportion of HIV infected to
uninfected cells. When examining the data from immunoprecipitation experiments in
both the infection and the transfection studies, it must be remembered therefore that
the distribution of bands and the relative quantities of protein represents an average
between the infectedltransfected and the unaffected cell populations within the
culture. This is an important factor to note, as it is possible that this ratio may differ.
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both between cell types and between individual experiments. Without knowing the
relative proportions of HIIV infectedltransfected cells, it is not possible to determine
the individual contributions of each cell population to the overall results observed on
the autoradiograph or flow cytometly histogram.
One way to determine the percentage of cells infected or transfected with HIV in
individual experiments is to take a sample of cells from each culture and examine
them by immuno fluorescence microscopy. Fixed and permeablised cells could be
stained using, for example, an anti-p24 antibody, such as KC-57 (2.2.1.2). By
counting the positively stained cells it would be possible to estimate the percentage of
infected cells. Testing cells from individual infection experiments would help to
compensate for possible variations in initial infection, or in culture conditions which
may affect the percentage of infected cells at the time of analysis.
In the single transfection study where only the HIV env gene was transfected,
immunofluorescence staining may not be the most efficient way to test transfection
percentages, due to the limited specificity and reliability of the env antibodies tested in
this study. A more reliable approach would be to co-transfect the env gene in
association with some kind of reporter gene, such as the Ji-galactosidase gene. The
-galactosidase enzyme produced by transfected cells converts the X-gal histological
substrate to a blue product which can be visualized by light microscopy. This
approach was used at the outset of the transfection study to determine that detectable
levels of transfection and gene expression were achievable in CHO-DR cells (2.8.4;
fig 2.16). In this way it would be possible to estimate with relative confidence, the
percentage of cells transfected in each experiment. At the very least, the procedure
could be used in a number of separate experiments to determine whether there is
significant variation in transfection efficiency. When considering possible variations in
infectedltransfected cell percentages, it is also important to note is that it is not
possible to distinguish between the effects arising as a direct result of infection, or
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whether changes in class II expression patterns, for example, are occurring in the
uninfected cells in the culture due to the presence of free HIV, and HJV infected cells.
In this study, a transfection model was utilised to examine the effects of viral proteins,
and in particular the I{IV envelope glycoprotein, on class II expression by CHO-DR
cells. These cells express neither invariant chain or H1LA-DM, and were chosen as
they allowed the magnification of modulation of class II synthesis and expression.
Unfortunately, this system represents an artificial model of HIV-class II interaction,
therefore it would be advantageous to expand the experiments using whole HIV and
class I, class II, Ii and DM-positive cells. As described in the previous section (4.3.5),
the ultimate goal of such a study would be to examine primary cell cultures such as
CD4± PHA blasts and macrophages infected with primary patient isolates of HIV. In
this way it would be possible to move away from the highly artificial model of
transformed cells infected with laboratory strains of HIV. Before adopting this
procedure however, the experimental protocol could be modified and optimized using
the existing model of Priess, H9 and macrophages infected with HTVIIIB and HIVBa-L
respectively.
To examine the effects of individual viral proteins on class II in a whole infection
model, it would be important to be able to detect whether direct interaction between
the viral protein and class II takes place. There are a number of ways by which this
could be examined. Association of viral proteins and class II could be shown by
immunoprecipitation experiments using anti-class II antibodies, followed by Western
blotting for the viral protein of interest. An alternative approach would be to use twodimensional electrophoresis, an effective method of visualising associated proteins,
used in the identification of tapasin associated with class I (Sadasavan et al.. 1996). In
the design of the experimental protocol for the infection study, a number of different
detergents were examined for their ability to support isolation of class II-I-IIV protein
conjugates (2.5.2-3). In these experiments, it was not possible to show co-
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precipitation of viral proteins with class II antibodies, however 2D electrophoresis
could be used to identify any viral protein of similar size to those of class II that might
otherwise be masked in conventional electrophoresis.
An alternative approach to the biochemical studies described above would be to use
indirect immuno fluorescence staining to identify the intracellular localisation of viral
proteins. Double staining of the same sample using, for example anti-env and anticlass H antibodies could determine whether the two proteins showed the same
intracellular localization patterns. One restriction associated with the above
experiments is the availability of reliable and highly specific monoclonal antibodies to
the viral proteins of interest. As discussed in this chapter, and in chapters 5 and 6, it
was not possible to obtain monoclonal antibodies to the gp 160, gp 120 or gp4 I
species of the HIV envelope glycoprotein., despite examination of a large number of
antibodies. With the correct antibody however, indirect immuno fluorescence studies
could provide a great deal of information regarding interactions of viral proteins with
class II. Another advantage is that samples from the same infection experiment could
be probed with antibodies to. a number of different viral proteins.
If the infection study were to be continued, it would be necessary to separate the
direct effects of HJV infection on cells from bystander effects of HJV on uninfected
cells. By analysing the two cell populations separately, it would be possible to
determine the effect of HTV infection on class I, class II and Ii biosynthesis and
expression with more confidence. It may be possible to separate the individual cell
populations using markers on the surface of infected cells. In env-transfected cells, it
was demonstrated that gp 120 is expressed on the cell surface, even in the presence of
the WV provirus (5.2.6; 6.2.6). Therefore it is possible that, by incubating cells with
anti-gp 120 antibodies, followed by anti-Ig coated magnetic beads, it may be possible
to isolate the WV-positive population. These cells, and the remaining HI V-negative
population could then be examined using the above procedures. Cells could also be
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separated using fluorescence activated cell sorting with anti-gp 120 as the surface
marker.
To ensure that a high percentage of the cells under examination are FIIV infected, a
cell line expressing an HIV provirus could be used. These cells can be induced to
express MV in a co-ordinated fashion. In this way the population can be examined
with relative confidence that all, or most, of the cells are actively replicating and
expressing HIV. One disadvantage with this method is that it is not possible to
examine any effects of the infection process on class II expression - it may be the
case that it is the whole viral life cycle, from infection and uncoating, to integration
and virion assembly (1.2.2) which is central to modulation of class I, class II and Ii
biosynthesis and expression.
A further approach to identify virus-class II interactions would be to examine whether
class II is incorporated into virions released from both professional and nonprofessional antigen presenting cells (APC). There are two ways to examine this. The
first is concentration of viral particles in HIV infected cell culture supernatants using
PEG precipitation (2.3.3), then Western blotting using a variety of anti-HIV and anti
class II antibodies, both monoclonal and polyclonal. To exanune the kinetics of class
H incorporation into virions, infected cells could be radiolabelled with 35 S or 3H and
subjected to a long chase period to allow processing and incorporation of viral
proteins. Virions in the chase medium could then be concentrated and
immunoprecipitated using class I, class H and HIV antibodies. By performing these
experiments at various time points during infection, and using different chase periods,
it may be possible to identify the nature of the interaction between HIV and class II.
Once these factors had been established, it would be of interest to examine how they
change. depending on the strain and tropism of the viral isolates under investigation.
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Finally, as a matter of interest, the experiments used in this study could be used to
examine possible effects of vaccines on professional and non-professional APC. If, as
proposed in this study, the effect of HIV is to cause increased class II expression in
non-professional APC, and if this is due to the env glycoprotein, it is possible that
attenuated HJV vaccines expressing env RNA which infect cells could lead to
increased class II on non-professional APC. Although this theory is highly
speculative, it is possible that increased surface class II could lead to anergy induction
on responder CD4+ I cells (7.1) which would be exactly the opposite of the intended
function of an HIIV vaccine.
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5.1 INTRODUCTION

The experiments described in chapters 3 and 4 provided information regarding the
possible effects of HIV infection on class II expression and processing in professional
and non-professional antigen presenting cells (APC). The most distinct effects of
infection were seen in the non-professional APC, class II dull T cell line, H9. These
cells were more susceptible to alterations caused by HIV infection than the Priess (B
cell) and primary macrophage (M4) professional APCs. The data obtained in these
experiments was sometimes variable and difficult to interpret however, due to the fact
that each of the cell types possessed relatively efficient class 11 processing pathways,
including expression of the class IT regulatory molecules HLA-DM and the invariant
chain (Ii). Infecting these cell lines with the whole I-IIV was too complex to answer
questions on the effects of individual viral proteins on class It processing, as the
efficiency of the existing pathway masked their effects.
It was therefore decided to develop a transient transfection model to express the HIVenv gene in the DR4-positive Chinese hamster ovary (CHO) cell line, CHO-DR. The
Priess and H9 cell lines used in the previous chapters were also DR4±, which was
important. as variations in susceptibility to modulation by HIV between class II alleles
cannot be ruled out. Using haplotype-matched cell lines therefore allowed
comparisons to be made between the infection and transfection studies. CHO-DR
cells were chosen as the basis for this env-transfection model as these cells have an
inefficient class II processing pathway, lacking the normal class II processing
accessory molecules HLA-DM and Ii. Under normal circumstances, class II molecules
are diffusely distributed throughout CHO-DR cells. This cell line could therefore be
used to study the effects of env expression on class II biosynthesis and intracellular
localisation. It has been shown the class II antigen presentation pathway in CHO cells
transfected with murine class II, can be rescued by co-transfection with H-2M and
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murine Ii. Class II molecules produced by these cells are competent to present antigen
to T cells, and show normal localisation to intracellular compartments (Colledge et
al., 1998).
The CHO-DR cell line has also been used previously as the basis for a number of
transfection models investigating the roles of different accessory molecules in
mediating adhesion of CD4 T cells during class If-restricted antigen presentation. In
these experiments. CHO-DR cells were co-transfected with plasmids expressing
intercellular adhesion molecule (ICAM)- 1, lymphocyte function-related antigen
(LFA)-3 and B7 (CD80) (Gjörloffet al., 1992; Parra et al., 1995; Parra et al.. 1993).
The properties of env glyco proteins synthesised in HIV-infected (Duensing et al.,
1995), viral vector-env infected (Otteken et al.. 1996; Paul et al., 1993), and envtransfected cells (Kowalski et al.. 1987: Salzwedel et al.. 1993; Wiley et al., 1988)
have been studied extensively. Mammalian env-transfèction models have been shown
to produce recombinant gp 160 and gp 120 glycoproteins, which have correct
conformation and glycosylation as determined by antigenicity experiments (Moore et
al., 1990), and which share similar functional characteristics with env produced by
H[V-infected cells.
The transient transfection protocol was initially developed in COS cells, as these cells
had previously been shown to support high levels of env synthesis after transfection
with the HIV-1 HXB2 env-expression plasmid pSRHS (A. Alonso. personal
communication). COS cells were used to optimise the transfection protocol for use in
CHO-DR cells, and a number of env-expressing plasmids were tested to obtain the
best expression system. Expression of gp 160 and gp 120 by env-transfected COS and
CR0-DR cells was measured using antigen capture ELISA, flow cytometry, and
indirect immunofluorescence staining. Synthesis and processing of env glycoproteins
was examined using radiolabelling and inimunoprecipitation. The effects of env

197

expression on class II synthesis and expression by CHO-DR cells was also
investigated, using flow cytometry, indirect immunofluorescence, and radiolabeffing.

5.2 RESULTS
5.2.1 Env expression and gpl20 release from pSRHS-, pEX2- and

pHL-

transfected COS cells
COS cells were transfected with three HIIV HXB2env-encoding plasmids: pSRHS
(2.8.1.1), pEX2 (2.8.1.2), and pHL (2.8.1.4). shown on figures 5.1(A), (B), and
5.2(A) respectively. The pSRHS plasmid is driven by the simian virus 40 ($V-40) late
promoter and SV-40 origin of replication. pEX2 is a modification of pSRHS due to
the addition of three novel restriction sites, indicated by * on figure 5.1(B). The
presence of these restriction sites was designed to allow the replacement of the HXB2
env DNA with an equivalent fragment of patient env DNA. The p1-IL plasmid is driven
by the human cytomegalovirus promoter and polyomavirus (PV) origin of replication.
All three plasmids encode the full rev gene.
Cells were transfected using Lipofectin (2.8.3), and samples of culture supernatant
were taken at 65 hours post-transfection, using untransfected cells as a control.
Secreted gp120 levels were measured using an antigen capture ELISA (2.8.5).
Production of gp120 by pSRHS-, pEX2, and pHIL-transfected COS cells is shown on
figure 5.2(B). It can be seen that the pSRHS and pEX2 plasmids supported high
levels of gpl20 production, at 265 nglml and 298 ng/ml respectively. In contrast
secreted gp120 was at a much lower level in the culture supernatant of pFILtransfected COS cells, at 26 nglml.
Lysates were prepared from the high env-expressing pSRHS- and pEX2-transfected
COS cells, and samples were Western blotted using serum from an HJV seropositive
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Fig 5.1

HIV-1 env-expressing plasmids
pSRHS (Dr. Eric Hunter) - contains the 3111 bp Sal I (5785)-Xho
I (8896) fragment of the HIV-1 HXB2 genome. Encodes env, rev,
and contains the rev-responsive element, under the control of the
late promoter of SV-40.
PEX2 (Dr. Alicia Alonso) - as pSRHS, with the addition of 3
unique restriction sites: Not I (6097); BstE 11(6328); and Xba I
(8077) indicated by *
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Fig 5.2

Secretion of pg120 from env-transfected COS cells
pHL (Dr. Alicia Alonso) - contains the 3154 bp Ecor I (5742)-Xho
I (8896) fragment of the HIIV-1 HXB2 genome. Encodes env, rev,
and the rev-responsive element under the control of the human
CMV promoter.
Comparison between gp120 release from pSRHS-, pEX2-, and
pHL-transfected COS cells, as measured by antigen capture
ELISA. In this experiment, untransfected COS cells were used as
the control.
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patient (1272, 2.2.2). From the blot on figure 5.3(A), it can be seen that envtransfected cells express high levels of cell-associated gp160 and gp120. Although
culture supernatants from pEX2-transfected COS cells contained more secreted
gp120 than those transfected with pSRHS, it appeared from the blot that levels of
associated env glycoproteins were actually lower. The identity of the gp120 protein
was confirmed by comparison of the band in experimental cell extract samples with
recombinant gp120 which was used as a control. The band at 120 kDa in the cell
extracts migrated at the same molecular weight as recombinant gp120. The apparent
size of the recombinant gp160 control at 120 kDa was a reflection of glycosylation
differences in this baculovirus-derived protein compared to mammalian-derived
gpl6O. Despite the difference in size, the recombinant gpl6O control confirms that the
HIV seropositive antiserum contains antibodies to gp 160 as well as gp 120, and offers
strong evidence that the bands seen in the cell extracts corresponded to gp 160 and
gpl2O.
The transmembrane gp4l segment of env was not detected on this blot. This may
have been due to low levels of gp4 1 protein present in cell extracts, as levels of gp 120
are seen to be much lower than levels of the gp160 precursor. In addition it is possible
that the patient anti-HIV serum contains lower levels of gp4l specific antibodies
compared to gp120 antibodies. This is possible, as the antibody was selected for
recognition of gpl2O, and not gp4l.
5.2.2 Time course of env expression in pSRHS-transfecled COS cells

To determine the optimum time point for analysing env-transfected cells. COS cells
were transfected with pSRHS DNA (2.8.1.1 and figure 5.1(A)), using Lipofectin
(2.8.3). Samples of culture supernatant were taken at 24, 48 and 72 hours, and
secreted gp120 levels were measured using an antigen capture ELISA (2.8.5).
Release ofgpl20 from pSRHS transfected COS cells over time is shown on the graph
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Fig 5.3

Env expression in COS cells
PEX2- and pSRHS-transfected COS cell extracts were separated
on 8% SDS-PAGE and Western blotted using the 1272 anti-HTV
serum. Recombinant gp160 and gp120 were used as controls.
Time course of gp120 release from pSRHS-transfected. COS cells
was measured by antigen capture ELISA of 100 j.il of trarisfected
cell culture supernatant.
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on figure 5.3(B). After 24 hours of culture, secreted gp120 levels were low, at only
10.7 ng/ml. After 48 hours, levels increased to 105 ng/ml. By 72 hours posttransfection, levels of secreted gp120 were at 188.5 ng/ml. Cells cultured for longer
than 72 hours generally died due to overgrowth. These cells became detached from
the tissue culture dish, and were therefore not available for analysis by other methods
such as radiolabelling or Western blotting.
5.2.3 Effect of rev on gpl20 production by pSRHS- and pEX2-transfected COS
cells
COS cells were transfected with pSRHS or pEX2 DNA. and co-transfected with the
pSV-rev (2.8.1.6 and figure 5.4(A)) or pEV3 (2.8.1.3) plasmids. Cells were cotransfected with env and rev in an attempt to increase production of stable env
glycoprotein, as translation of env mRNA is dependent on the rev protein (1.2.2)
pEV3 is a control plasmid as it does not contain the env gene. but is controlled by the
same promoter background as the experimental env-positive plasmids (2.8.1.3). In
this experiment, pEV3 was included to balance DNA quantities in this experiment.
gp160 and gp120 levels were assayed by pulse labelling and antigen capture ELISA.
Secreted gp120 levels are shown on figure 5.4(C), below the appropriate lanes of the
autoradiograph. In COS cells, addition of pSV-rev led to an approximately 50%
reduction in secreted gp120 levels from 237 to 120 ng!ml in pSRHS-transfected COS
cells, and from 298 to 128 ng/ml in pEX2-transfected cells.
Immunoprecipitation and autoradiography of the env glycoprotein from transfected
COS cells showed that co-transfection with pSV-rev did not lead to any significant
changes in the quality or quantity of newly synthesised gp160 (figure 5.4(B)). There
was no difference in the amount of gp 160 which was cleaved to give mature gp 120 in
pSV-rev-transfected cells. While differences in protein levels were hard to detect, due
to the high intensity of the gpl6O band, co-transfection with pSV-rev did not increase
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Fig 5.4

Effect of rev production on gp120 release from pSRHS- and
pEX2-transfected COS cells
PSV-rev - (Dr. Marie-Louise HammarskjOld and Dr. David
Rekosh). HIV-1 rev expression plasmid under the control fo the
SV-40 late promoter.
PSRHS- or pEX2-transfected COS cells +1- pSV-rev were
radiolabelled and immunoprecipitated with the 1272 HIV antiserum. Samples were analysed on 8% SDS-PAGE.
Levels of secreted gp120 in culture supernatants as measured by
antigen capture ELISA are shown under relevant lanes of the
autoradiograph.
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levels of cell-associated gp160 or gp120 in either pSRHS- or pEX2-transfected cells.
In fact, it is possible to detect a slight decrease in gp 160 levels in pSV-rev/pSRHS
cells, which correlates with the drop in secreted gp120 levels. Notably, there was less
cell-associated env glycoprotein precipitated from pEX2- compared to pSRHStransfected COS cells, despite the fact that secreted gp120 levels were actually
slightly higher at 298 ng/ml compared to 237 ng/ml (figure 5.4(C)).
5.2.4 Synthesis and processing of HIV env in pSRHS-transfected COS cells
COS cells were transfected with pSRHS DNA as described (2.8.3). In this study,
COS was used as a high expressing control for optimisation of the pulse chase
protocol. The purpose of this experiment was to establish that the transfection model
could support the correct synthesis and processing of env glycoproteins. Transfected
cells were examined using pulse chase analysis (2.5.5), and immunoprecipitated with
the 1272 MV anti-serum. Secreted gp 120 levels in culture supernatants were
measured by ELISA and the values for each transfection are shown under the
appropriate lane of the autoradiograph on figure 5.5(B). Differences in gpl20 values
were due to unavoidable variations in transfection efficiency. Secreted gp120 levels
reflected only a small proportion of the total env produced by the cells, which,
combined with the high levels of env production in COS cells, meant that small
variations were unlikely to critically affect the pulse chase experiment.
Figure 5.5(A) shows the processing of gpl60 over time. The dense band representing
the gpl 60 precursor was present throughout the chase period, in approximately equal
amounts. Small changes in gp160 concentration between lanes were difficult to
detect, due to the large amount of glycoprotein present. Cleavage of gp 160 to gp 120
and gp41 was first observed between 20 and 40 minutes after pulse labelling, with a
maximal gp 120 signal present at 60 minutes. This was shown by the appearance of a
faint band at approximately 120 kDa.
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Fig 5.5

Synthesis and processing of HIV env in pSRHS-transfected COS
cells
Transfected cells were radiolabelled, pulse chased and
immunoprecipitated with the 1272 HIV anti-serum or anti-gp4l.
Samples were analysed on 8% SDS-PAGE.
Levels of secreted gp120 in culture supernatants as measured by
antigen capture ELISA.
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To ensure that the protein migrating at 160 kDa in env transfected cells definitely
represented gpl60. pSRHS-transfected COS cells were immunoprecipitated with the
MAS 353p antibody, which is specific for an epitope present on gp4l (Papsidero et
al., 1988), and can be used to isolate gp4 I and the precursor gp 160. The protein
isolated by this antibody migrated at approximately 160 kDa, was specific to
transfected cells, and exactly matched the size of the protein precipitated by the 1272
anti-serum. This confirmed that pSRHS-transfected COS cells were synthesising
gpl 60. The difference in band intensity between 1272 anti-serum, and anti-gp4l
precipitation was probably due to the recognition of additional of epitopes on the
gp 120 subunit of gp 160 by 1272. It was not possible to detect labelled gp4 I proteins
with either antibody on this autoradiograph.
5.2.5 Env expression and gpI20 release from pSRRS-, pEX2- and pHLtransfected CHO-DR cells
CHO-DR cells were transfected with the pSRHS, pEX2. and p1-IlL plasmids using
Lipofectim to find the most suitable env-expression system for these cells. Culture
supernatant samples were taken at 65 hours post-transfection and secreted gp 120
levels measured by antigen capture ELISA. From the graph on figure 5.6 (A), it can
be seen that env expression in pSRHS-transfected CHO-DR cells was approximately
ten-fold less than in COS cells, with 22 ng/ml secreted gp120 present in the culture
supernatant. gp120 levels were at 5 ng/ml in both pEX2- and pHL-transfected
supernatants.
pSRHS- and pEX2-transfected cells were also co-transfected with pSV-rev. Secreted
gp 120 levels in culture supernatants from rev positive and negative cells are shown on
figure 5.6(B). In CR0-DR, co-transfection with pSV-rev had no effect on env
production by pSRHS-transfected cells, with no increase or reduction in the amount
ofgpl2o produced. Secreted gpl2O levels were at 29 ng/ml in pEV3/pSRHS-
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Fig 5.6

Secretion of gp120 from env-transfected CHO-DR cells
Comparison between gp120 release from pSRHS-, pEX2-, and
pHL-transfected CHO-DR cells as measured by antigen capture
ELISA.
Effect of co-transfection with pSV-rev on gp120 synthesis by
pSRHS- or pEX2-transfected CHO-DR cells as measured by
antigen capture ELISA.
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transfected cells, and 25 ng/ml in pSV-rev/pSRHS-transfected cells. In contrast, there
was a two-fold increase in gp 120 release by pSV-rev/pEX2 co-transfected cells from

5 to 10 ng/ml gpl2O.
Transfected CHO-DR cells were also radiolabelled and irnmunoprecipitated with the
1272 anti-HIV serum, however it was not possible to detect any gp 160 or gp 120
signal in cell extracts, even after long exposure times. It is possible that this was due
to low levels of gp 160 synthesis by transfected cells at this stage of culture, despite
detectable levels of secreted gp120 in culture supernatants. Following transfection
the cells had been incubated in only 1 ml of complete medium. It was noted that
CHO-DR cells were more susceptible to nutrient depletion than COS cells, and it is
probable that they were not sufficiently metabolically active to give a detectable signal
after pulse labelling. Subsequently, where metabolic labelling experiments were
performed, transfected COS and CHO-DR cells were incubated in 1.5-2 mIs of
complete medium.
5.2.6 Surface expression of class II and env on CHO-DR cells after transfection
with pSRHS
Control, pEV3-, or pSRHS-transfected CHO-DR cells were stained for flow
cytometry (2.7.1). Cells from each transfection condition were pooled, and stained
with the D7324 anti-gpl 20-. and the DA6.23 1 and L243 anti-class II antibodies.
Secreted gp120 levels in pSRHS-transfected culture supernatants were measured by
antigen capture ELISA. Supernatant from pSRHS-transfected cells contained 7.5
ng/ml gp 120, which was consistent with previous experiments. The mean
fluorescence intensity values for each antibody are displayed under the relevant
histograms on figure 5.7.

209

Fig 5.7

Single staining flow cytometric analysis of control, pEV3, and
pSRHS-transfected CHO-DR cells
Duplicate wells of control untransfected, pEV3 DNA control- or
pSRHS-transfected cells were pooled, then stained with PBS (A);
D7324 anti-gp120 (B); DA6.231 anti-class 11(C); or L243 anti-class II
(D) using appropriate FITC-conjugated secondary anti-Ig antibodies.
Mean fluorescence intensities are shown beneath the appropriate
histograms.
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From figure 5.7(A) it can be seen that non-specific secondary antibody binding did
not increase after transfection. PBS-stained control cells had a background level of
48.75 mean fluorescence intensity (MFI), whilst pEV3- and pSRHS-transfected cells
showed staining of 26.65 MFI and 38.36 NMI respectively. It can be seen that there
was a small, brightly staining population to the right of the main peak. however, this
did not affect staining by the experimental antibodies.
Figure 5.7(B) shows surface staining by the D7324 anti-gp 120 antibody. This
antibody displayed a small amount of cross-reactivity with native cellular proteins.
The fluorescence of control cells was 64.94 MFI, whilst pEV3-transfected CHO-DR
cells had a mean fluorescence of 95.96 MFI. This may reflect non-specific, activation
of cells by transfection, leading to increased cell surface expression of D7324 crossreactive cellular proteins. At 135.39 MFI, pSRHS-transfected cells stained with
D7324 showed an approximately 2 fold increase in fluorescence over control cells.
This increase represented a 40% env-specific increase in staining over pEV3transfected cells.
DA6.231 staining of surface class II molecules is shown on figure 5.7(C).
Untransfected CHO-DR cells had a mean fluorescence of 323.37 MFI. Transfection
with the pEV3 control plasmid resulted in a 16% increase in class II surface
expression over the control population to give staining of 376.57 MFI. This was
possibly due to non-specific activation of cells after transfection. A more specific
increase in surface class II levels was observed as a result of transfection with
pSRIHS. pSRHS-transfected CHO-DR cells displayed staining of 473.17 MIFI, a 26%
specific increase, and it was possible to visually detect a small, but distinct increase in
surface class II expression after transfection with env.
Transfection of CHO-DR cells with pSRHS did not lead to such a distinct change in
the surface expression of mature class II molecules, as determined by L243 staining.
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As shown on figure 5.7(D), there was a large increase in surface levels of L243binding class II molecules after transfection with pEV3, with a 36% increase in mean
fluorescence intensity from the control level of 299.48 WI to 406.84 MR. In
contrast to DA6.231, pSRHS-transfected cells stained with L243 showed only a 16%
specific increase in fluorescence over pEV3-transfected cells to 472.84 MFI.
5.2.7 Intracellular localisation of class II and env in pSRHS-transfected CHO-DR
cells
The intracellular localisation of class II and HJV envelope glycoproteins was
examined using indirect immunofluorescence microscopy. CHO-DR cells were grown
on glass coverslips (2.7.2.1) and transfected with pEV3 or pSRHS as described
(2.8.3). The coverslips were stained with the DA6.23 1 or D7324 antibodies, using
PBS as a control (2.7.2.2). Secreted gp120 levels are shown beneath the pSRHS
transfected CHO-DR cells on each figure. The average value was 9.2 ng/ml.
PBS-stained control, pEV3 and pSRHS transfected CHO-DR cells are shown on
figure 5.8a. As in the previous experiment, the PBS control was included to establish
the level of non-specific binding and background fluorescence of the FITC-conjugated
secondary antibody. A comparison of the three transfection conditions showed that
there was no increase in non-specific fluorescence on pEV3- or pSRHS-transfected
cells. In addition, there were no differences between the morphology of control and
transfected cells.
Surface staining with D7324 in the flow cytometry experiment had demonstrated that
this antibody showed some cross-reactivity with native cellular proteins. Control and
pEV3 transfected-cells stained with a 1:100 dilution of D7324, showed a higher
degree of background fluorescence than those stained with PBS alone, as can be seen
on figure 5.8b. D7324 staining of pSRHS-transfected CHO-DR cells was clearly
above background levels, however. Using this antibody, it was seen that the env

212

Figure 5.8

Indirect immunofluorescence staining of control, pEV3-, and pSRHS-transfected CO-DR cells
CHO-DR cells were grown on coverslips and transfected with pEV3 or pSRHS plasmid DNA. Control and
transfected coverslips were then stained with PBS (A); D7324 anti-gp 120 (B); or DA6.23 I anti-class II (C)
using appropriate FITC-conjugated secondary anti-Ig antibodies.

Control

A. PBS

B. D7324

C. DA6.231

pEV3

pSRHS

protein was largely concentrated within the cell, with no clearly defined cell surface
localisation.
The intracellular localisation of class II molecules is shown on figure 5.8c. In control.
pEV3-, and some pSRHS-transfected CHO-DR cells, the pattern of class H staining
was similar, in that class II molecules were generally diffusely distributed throughout
the cell. There was some concentration of staining around the nucleus, which
probably represented class II molecules located in the endoplasmic reticulum and
Golgi apparatus. It was not possible to detect class II molecules localised into discrete
cytoplasmic compartments. indicating that CHO-DR cells did not form class-11
positive endosomal compartments. Transfection with the pEV3 plasmid did not
appear to lead to any non-specific changes in the intracellular distribution of class II.
In approximately 20% of pSRHS-transfected CHO-DR cells, it was possible to detect
a change in intracellular class II staining patterns. On these cells, there was more
distinct cell surface localisation of class II, which can be seen on figure 5.8c. In this
photograph, the staining of perinuclear class II molecules was much brighter than in
the control cells, as the film had been exposed for a longer period of time, to enable
the detection of the fine surface detail on pSRHS-positive cells. In addition to the
surface staining, fine class IT-positive processes were seen spreading out from the
main body of the cell. As these structures were not seen on control or pEV3transfected cells, it is likely that they represented an effect of env expression on CHODR cells. An important observation is that this altered surface staining of CHODRIpSRHS cells was not seen on all cells in the field. As not all cells were transfected
with the env protein, it would be expected that only a limited number of cells would
show class II modifications.
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5.2.8 Synthesis and processing of HIV env in pSRHS-transfected CHO-DR cells
CHO-DR cells were transfected with pSRHS plasmid DNA, radiolabelled, pulse
chased (2.5.5), and immunoprecipitated with the 1272 anti-HIV patient serum. 1272
precipitates from pSRHS-transfected CHO-DR cells are shown on figure 5.9.
Secreted gp120 levels are shown beneath each lane. The average value of 9.0 nglml
was consistent with previous experiments. In transfected cells, there is a band at
approximately 160 kDa, which is specific to transfected cells. In the pulse chase
analysis of pSRHS-transfected COS cells, it was observed that cleavage and
maturation ofgpl6o to gpl2O and gp4l occurred as early as 20 minutes of chase, and
appeared to peak after 60 minutes (figure 5.5). In pSRHS-transfected CHO-DR cells,
however, cleavage to gp120 was not seen, even after 60 minutes of chase. This was
probably due to quantities of cell-associated gp 120 below the level of detection by
autoradiography.
The env pulse chase experiment was extended to allow a chase period of up to 270
minutes in pSRHS-transfected CHO-DR cells. The experiment was performed as
described above. Synthesis and processing of env in control and pSRHS transfected
CHO-DR cells is shown in figures 5.10(A) and (B) respectively. Secreted gp 120
levels are shown under the relevant lanes. The average value of 6.1 ng/ml was lower
than in previous experiments, however it was still possible to detect a band
representing gp160 present throughout the chase, which was seen only in pSRHStransfected CHO-DR cells. This band was of a similar intensity to that seen in the
previous pulse labelling of pSRHS-transfected CHO-DR cells (see figure 5.9).
A second band was observed after approximately 90 minutes of chase, which
appeared to correspond to the gp 120 glycoprotein. However, this band was also
present in the control experiment at a similar intensity, at the same time point, and at
the same molecular weight. This indicated that the band was not gp 120. The 1272
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Fig 5.9

Env synthesis by pSRHS-transfected CHO-DR cells
Synthesis of env. Cells were radiolabelled, pulse chased and
immunoprecipitated with the 1272 HIV anti-serum. Samples were
analysed on 8% SDS-PAGE under reducing conditions. Secreted
gp120 levels as measured by antigen capture ELISA are shown
underneath the relevant lanes.
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antibody is a polyclonal human anti-serum from an MV seropositive patient, and
displays a large degree of reactivity with native cellular proteins, therefore it is likely
that the -120 kDa band simply represented cross-reactivity with a native cellular
protein present in both control and pSRHS-transfected CHO-DR cells.
5.2.9 Synthesis and processing of I'fHC class II in pSRHS-transfected CHO-DR
cells
Radiolabelled pSRHS-transfected CHO-DR cell extracts were also precipitated with
the conformation-dependent class II antibody. L243. Class H processing over time in
control and pSRHS transfected cells is shown in figure 5.11. The samples shown here
correlate with the gp 160 precipitates shown on figure 5.9. The decrease in band
intensity seen in transfected, compared to control cells, was simply a reflection of
higher levels of cell death. It was seen that class II a and

P chains in transfected cells

migrated at a slightly slower rate compared to the control. The proportions and
relative molecular weights of the a and 3 chains remained the same however.
Transfection with pSRHS did not lead to the formation of class II a13 and/or env
complexes or oligomers not seen in control cells. The conformation-dependent L243
antibody was used specifically to allow the possible detection of mature complexes of
a, 13, and env glycoproteins.
In a repeat of the experiment in section 5.2.8-9. CHO-DR cells were transfected with
pSRHS DNA, with the inclusion of an equal number of control plates. After
incubation, the cells were pulse-chased as described (2.5.5). Lysates were prepared at
0. 15. 45, 60, 90, 150. 210, and 270 minutes of chase, and immunoprecipitated with
either the 1272 anti serum (figure 5.10) or the DA6.231 anti-class H antibody.
DA6.23 I precipitates from control and transfected cells were then treated with the
endoglycosidase enzyme (2.5.6).
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Fig 5.10

Env synthesis in pSRHS-transfected CHO-DR cells
Control (A) and pSRHS-transfected (B) CHO-DR cells were
radio labelled, pulse chased and immuno precipitated with the 1272 1-[IV
anti-serum. Samples were analysed on 8% SDS-PAGE under reducing
conditions. Secreted gp 120 levels as determined by antigen capture
ELISA are shown beneath the relevant lanes.
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Fig 5.11

MHC class H synthesis in pSRHS-transfected CHO-DR cells
Synthesis of class H. Cells were radiolabelled, pulse chased and
immunoprecipitated with the L243 anti-class II antibody. Samples were
analysed on 12% SDS-PAGE under reducing conditions.
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Figure 5.12(A) shows endo H treatment of control CHO-DR cells. Endo H positive
(±) and negative (-) samples were run side by side on the gel to allow direct
comparison between treated and untreated forms of class II a and 3 chains. This
made it easier to detect appearance of endo H resistant species. At the beginning of
the chase period, it can be seen that all the newly synthesised class II a and

P

chains

were sensitive to digestion by endo H. This can be seen by the drop in molecular
weight of the bands representing a and

P chains in the endo H (+) lane, indicated by

(S) on the figure. This trend continued for the first hour of chase, indicating that the
class II glycoproteins had not yet been processed by the Golgi apparatus.
After 90 minutes of chase it was possible to see the appearance of endo 1-I resistant
forms of class II molecules, represented by (R). This indicated that the high mannose
residues on the newly synthesised a and 3 chains had been glycosylated by enzymes in
the Golgi, and were no longer available for digestion by endo H. The resistant forms
of the a and [3 chains migrated at a higher molecular weight than the immature
glycoproteins. This probably reflected the addition of complex oligosaccharides in the
Golgi. The proportion of endo H resistant to sensitive forms increased over time, and
appeared to peak at approximately 210-270 minutes of chase. It is important to note
that even after 270 minutes of chase, the majority of class II a chain molecules were
still endo H sensitive, although the class II

[3 chain molecules appeared to be resistant

to digestion. This may reflect an excess of production of a, over [3 chain molecules.
Expression of env in pSRHS-transfected CHO-DR cells did not lead to any significant
differences in class II processing kinetics, as seen on figure 5.12(B). Secreted gp 120
levels are shown beneath the relevant lanes. It was possible to detect emergence of
resistant a and [3 chains by 90 minutes of chase. These were seen in approximately the
same proportions of resistant: sensitive forms as in the control experiment. Levels of
endo H resistant a and 13 chains were at control levels at 270 minutes of chase,
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Figure 5.12 Endoglycosidase H analysis of class II molecules in pSRHS-transfected CHO-DR cells
Control (A), and pSRHS-transfected (B) CHO-DR cells were radiolabelled, pulse-chased and
inimunoprecipitated with the DA6.23 1 anti-class II antibody. Samples were split and one aliquot was digested
with endoglycosidase H. Samples were analysed on 12% SDS-PAGE. Control (-) and endo 1-1 (+) samples
were run together for clarity. Secreted gp 120 levels as detected by antigen capture ELISA are shown beneath
the relevant lanes.
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although in a similar manner to the control pulse chase, a large proportion of a chains
remained sensitive to endo H digestion.

5.3 DISCUSSION

5.3.1 Development of the env-transient transfection model in COS cells
A great deal of evidence has been obtained from class 11-restricted antigen
presentation studies (1.2.3.2), which suggest that the HTV envelope glycoproteins
intersect with the class II processing pathway, and that this process is dependent on
expression of the gp4 1 subunit (Polydefkis et al., 1990; Rowell et al., 1 995a; Rowell
et al., 1995b). On the basis of this information, the whole env gene was chosen as the
starting point for the transfection study, to allow detection of all possible changes in
class II biosynthesis mediated by the env glycoprotein.
During the design of the transfection model, attempts were made to create stable cell
lines expressing the env glycoprotein, to allow a greater degree of continuity and
reproducibility between experiments. A number of cell lines were created that were
positive for env mRNA, however it was not possible to detect gpI60 or gp120
glycoproteins using ELISA. Western blotting or radiolabelling and
immunoprecipitation. This was the case even after modification of the env plasmid to
allow expression of the complete rev gene in a second stable transfection experiment.
A transient transfection system was therefore developed, so that a large number of
modifications could be tested within a relatively short period of time. Such strategies
included comparison between different env expression plasmids, and attempts to
increase expression using regulatory proteins in co-transfection experiments.
Transient transfections were more practical than creating stable transfectants, which
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was very time consuming, and not feasible for testing a large variety of different
plasmids. One disadvantage with using a transient system was the greater potential for
variability between experiments. It was necessary to perform many repeat experiments
to confirm the reproducibility of the protocol. In general, each transfection
experiment was performed at least in triplicate. Except where stated, the secreted
gp 120 values shown on each figure represent an average of these repeat transfections.
Secreted gp120 levels, as determined by ELISA were recorded throughout the study,
and were used as a marker of transfection efficiency and reproducibility.
The COS (African green monkey) cell line was used as a positive control cell line for
gp160 and gp120 production. COS was included in this study, as many of the
plasmids intended for use in CHO-DR cells had previously shown to express at high
levels in COS. At the beginning of the study. COS cells were used to establish the
protocol conditions, including optimal plasmid concentrations, time of transfection,
and the requirement for regulatory genes.
During the development of this system, a number of plasmids available in the
laboratory were tested for their ability to support gp160 and gp120 synthesis. In
addition, processing of gp 160 was examined, to ensure that it was normal in
transfected cells. The detection of soluble gpl2O in culture supernatants indicated that
the gp 160 precursor had been correctly cleaved to the mature gp 120 and gp4 1 forms.
However. ELISA data gave no indication of the relative proportions of cell associated
gpl6O and gpl2O. The three plasmids tested were pSRHS (2.8.1.1), pEX2 (2.8.1.2),
and pHL (2.8.1.4), all of which encode the entire env and rev genes of FIIV-1 HXB2.
These plasmids also express the rev-responsive element (RRE, 1.2.2), essential for
translation of env mRNA. COS cells transfected with all three plasmids were able to
synthesise detectable quantities of env. which was normally processed and cleaved to
produce mature gpl20, an important factor for infectivity.
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Transfection with pSRHS, and pEX2, supported production of much greater amounts
of the env glycoproteins, measured by ELISA and Western blot, than transfection
with pHL. The higher secreted gp 120 and lower cell-associated gp 160 gp 120 levels in
pEX2, compared to pSRHS-transfected cells may reflect greater cleavage of a
reservoir of the gp160 precursor in these cells. As expected, the presence of the
additional restriction sites in pEX2 did not drastically change the quality of the env
protein produced by transfected cells, indicating that either plasmid would provide a
suitable expression system for studying gp 160 synthesis and processing in COS cells.
COS cells were also used to establish optimum post-transfection culture times,
allowing a balance between maximal env expression and cell viability for cellular
assays. The lag of approximately 48 hours before maximal env expression was
consistent with previous studies, which demonstrated that maximal production of
recombinant proteins from transiently transfected cells occurs at 48-72 hours after
transfection with plasmid DNA (Kowalski et al., 1987; Zhong and Hayward. 1997).
The delay before optimal gp 120 production. was due to the length of time taken for
activation of the SV-40 late promoter leading to transcription and translation of the
pSRHS plasmid. Based on the data in section 5.2.2. the protocol was standardised to
allow analysis of cells at 65 hours post transfection, as gp120 production was at a
high rate between 48 and 72 hours. The 65 hour time point was chosen, as it provided
the optimum balance between transfection incubation times, cell viability after
transfection, env protein biosynthesis and total levels of recombinant protein.
To investigate the possibility that adding excess rev protein in trans could be used to
upregulate em' mRNA translation and production of the env glycoproteins in this
transfection model. COS cells were co-transfected with the env and rev genes. In the
experiment in section 5.2.3 however, the ELISA and pulse labelling data showed that
co-transfection with pSV-rev led to a marked reduction in env synthesis in both
pSRHS- and pEX2-transfected COS cells. This was not due to competition for
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cellular factors, as both pSV-rev and pEV3 were under the control of the SV-40
promoter. It is conceivable that there was an excess of rev in these cells, as the
complete rev gene was encoded in both plasmids. This may have led to steric
hindrance of rev binding to the RRE, as both plasmids are expressed at high levels in
COS cells.
Levels of gp160 and gp120 detected by pulse labelling (figure 5.413) correlated with
the previous Western blotting data (figure 5.3A) in that pEX2-transfected COS cells
contained less cell associated env, despite release of greater amounts of gp120 into
the culture supernatant. In COS cells, which express high levels of env, the large
excess of gp 160 may have represented a reservoir of the precursor glycoprotein for
cleavage to gp 120. This might explain the decline in cell-associated gp 160 and gp 120
seen on the Western blot and autoradiograph, in spite of high levels of secreted
gp 120.
Synthesis and processing of env was investigated in COS cells for two reasons. The
first was that, as a high expressing control, the COS cell line could be used to fine
tune the pulse chase protocol. Secondly, it was essential to monitor gp160 processing
to confirm that the env protein produced in this transfection model displayed the same
properties as gp 160 processing in HIV-infected cells. The kinetics of processing of
newly synthesised gp 160 were consistent with observations from HIV-infected, and
env-transfected cells in previous studies. Detection of the gp 120 cleavage product
after approximately 20 minutes of chase correlated with earlier transfection models
which demonstrated cleavage products after 30 minutes (Earl

et al.,

1991; Rowell

et

al.. 1995a). Notably, the much higher levels of gpl60. compared to gp120
corresponded with observations that only 10-20% of the gp 160 precursor is cleaved
to produce gp 120 and gp4 1 in env-transfected cells (Willey et al., 1988). These two
observations confirmed that the env glycoproteins produced in this transfection model
had similar characteristics to those seen in other models.
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It was not possible to detect the gp4 1 subunit using either antibody. This was partly
due to the very low levels of cleavage of the gpl60 precursor (Wiley et at., 1988),
and partly due to lower 35 S incorporation into gp41 compared to gp120. gp41
contains only 4 methionine and 4 cysteine residues, compared to gpl20, which
contains 13 and 19 residues respectively. An alternative procedure, would be to label
cells with 3H-Leucine, as gp4l contains 49 leucine residues, which should give a clear
signal on autoradiography. In addition to a reduced gp4l signal, there were a great
many non-specific background bands detected at around 40 kDa, due to the wide
binding spectrum of the polyclonal patient serum. This made it very difficult to detect
bands specific for transfected cells. The gp4 1-specific antibody also displayed a small
degree of cross-reactivity with native cellular proteins.
This processing data, combined with recognition of the gp 160 and

gp 120

glycoproteins by the 1272 polyclonal patient serum, anti-gp4l and the two antigen
capture ELISA antibodies, provided strong evidence that the recombinant env
produced by COS cells was conformationally correct. This agreed with antigenicity
studies (Moore et at., 1990), which showed that recombinant gp 120 produced in
mammalian cells has similar properties to gp120 released from HIV-infècted
mammalian cells. It was important that the processing and conformational
characteristics of the env glycoproteins produced by COS and CHO-DR cells in this
study were similar to native gp 120. This is so that any observed effects on class II
processing in env-transfected CHO-DR cells would be a true reflection of events
occurring in HI V-infected cells.
5.3.2 Optimisation of the env-transfection mode/for CHO-DR cells
Having established expression levels in COS cells, it was necessary to test env
expression in CHO-DR cells. pSRHS-, pEX2-, or pHL-mediated gp120 release was
compared in CHO-DR cells. Although pHIL had been shown to support significantly
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lower levels of env glycoprotein production by transfected COS cells, expression of
this plasmid was examined in CHO-DR cells. The reason for this was that p1-IL had
been specifically designed for use in transfection studies of rodent cells. The pHL
plasmid is driven by the human CMV promoter and contains the polyomavirus (PV)
origin of replication for stable transfection of rodent cells. This was originally thought
to be more suitable than the SV-40 driven pSRHS plasmid for a transfection model
intended for CHO-DR cells. The pEX2 plasmid was included in this experiment, as it
was desirable to test expression in CHO-DR cells. This plasmid was designed to allow
substitution of a fragment of patient env DNA in place of HXB2 env. This system
could be used to study any differences between various patient env glycoproteins and
their effects on class II synthesis and expression. Contrary to expectations however, it
was seen that pSRHS-transfected CHO-DR cells produced much higher levels of
gpl20 than those transfected with either pEX2 or pHIL.
There are a number of reasons why the pHL plasmid did not express env as efficiently
as the pSRHS plasmid, despite its apparent suitability for use in CO-DR cells. It is
possible that there was some defect in CMV promoter activation, leading to lower
levels of plasmid transcription. This could be confirmed by quantitative RT-PCR.
comparing env mP.NA levels in pHL and pSRHS-transfected COS or CHO-DR cells.
Secondly, there could be a problem with the expression of the rev gene on this
plasmid. This would be reflected by a defect in transport of env mRNA to the
cytoplasm for translation, and reduced levels of gp 120 in the culture supernatant.
Finally, there could be a conformational difference in the gp120 glycoprotein released
from pHL-transfected cells which might prevent or reduce antibody binding in
metabolic labelling or ELISA experiments.
Although co-transfecting COS cells with pSRHS and the rev gene was seen to have
no benefit, optimising the transfection model for CHO-DR cells was of great
importance. therefore this strategy was examined. The decision to co-transfect cells
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with the rev gene was based partly on a previous study (Weiss and White, 1993),
where CHO-Ki cells were co-transfected with a plasmid encoding the HXB2 env, but
lacking rev. The rev protein was then provided in trans by co-transfection with the
plasmid pREV, permitting synthesis of the env glycoprotein. In this study, it was
possible that adding excess rev protein would increase env mRNA translation in
CHO-DR cells.
No change was seen in pSV-rev-transfected pSRHS/CHO-DR cells compared to the
control. This was in contrast to rev co-transfected COS cells, where a marked
reduction in gp120 synthesis was observed. This was probably due to the lower
activation of the SV-40 promoter in these cells, which would have restricted rev
protein synthesis. These lower levels of rev would not have led to steric hindrance of
binding to the RRE. The rev-mediated increase in gpl20 production by pEX2transfected CHO-DR cells may reflect the reduced expression of the pEX2 plasmid
compared to pSRHS which was seen in the previous experiment. This might have
resulted in sub-optimal levels of the rev protein. It is possible that transfection with
pSV-rev enhanced env mRNA transport and translation, resulting in increased gp 120
release from the cell.
The lack of signal in 1272 precipitates from pSRHS- and pEX2-transfected CHO-DR
cells was unlikely to be due to the fact that the env glycoprotein produced in CHODR cells was somehow conformationally different to that produced by COS cells and
not recognised by the anti-serum. The 1272 polyclonal serum was highly efficient at
recognising commercially available CHO-derived gp 120, even under denaturing
conditions on a Western blot. In addition, the gp 120 released from CHO-DR cells
was recognised by the D7324 and (iP13 monoclonal antibodies used in the antigen
capture ELISA. Finally, previous studies have shown that CHO-derived gp120 shares
characteristics such as glycosylation, folding, and antigenicity with gp120 derived
from other mammalian sources (Paul et al., 1993).
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A more likely explanation for the lack of a gp120 signal was that transfected CHODR cells were not sufficiently metabolically active to produce adequate quantities of
gp 160 and gp 120 for visualisation on the autoradio graph. CHO-DR cells were highly
susceptible to the cytopathic effects of transfection, and much care had to be taken to
maintain the cells in a viable condition for further analysis. The strength of the class If
signals from both L243 and DA6.23 1 precipitates was simply a reflection of the much
larger quantities of class II in CHO-DR cells, which permitted metabolic labelling
even under adverse conditions.
5.3.3 Effect of env transfection on class II expression by CHO-DR cells
The probability that an HTV gene product altered the surface expression of class H in
HI V-infected cells was suggested from studies on the non-professional APC H9 cell
line, where a marked increase in surface class II expression was seen on infected cells
(3.2.6). The possibility that this was due to the presence of env was supported by
evidence from previous env antigen presentation studies (Egan

et al., 1996;

Polydefkis et al., 1990; Rowell et al., 1 995a), which suggested that the gp 160 or
gpl20 glycoproteins may interact with class II molecules at a later stage in the class II
processing pathway, after passage through the Golgi.
Flow cytometrv was used to examine surface class H levels in control, pEV3-, or
pSRHS-transfected CHO-DR cells. pEV3-transfected cells were included in this
experiment to ascertain any non-specific effects on surface class II levels arising from
the transfection process. This was an important factor when investigating surface
expression of gp 120 on pSRHS-transfected cells. The D7324 anti-gp 120 antibody had
been used in this experiment, as it had shown the least cross-reactivity with native
cellular proteins, compared to other env antibodies. As can be seen from the data in
section 5.2.6. this antibody exhibited some cross-reactivity, however D7324 staining

did show that gp 120 was expressed on the surface of pSRHS-transfected CHO-DR
cells
Expression of the HIV- I env glycoprotein led to an increase in the surface expression
of class II molecules. This was seen very clearly on control, pEV3- and pSRHStransfected cells stained with the conformation-independent class II antibody,
DA6.231, where there was a 26% specific increase in staining, from 376.57 to 473.17
MFI. It is important to note that the cells from each experimental condition were
pooled before staining with each antibody. Therefore, the D7324-positive cells came
from the same population as DA6.23 1- and 1,243-stained cells. While transfection
resulted in a small, non-specific increase in surface class H expression, a much larger
increase was observed as a result of env expression. This difference was less distinct
when CHO-DR cells were stained with the class II conformation-dependent L243
antibody, due to a large, non-specific increase arising from transfection with the pEV3
control plasmid.
One explanation for the difference between surface class H levels detected by these
two antibodies is that a large proportion of the class H molecules synthesised in CHODR cells reach the cell surface in an immature state. These immature class II
molecules would not be available as epitopes for L243 binding. In contrast, the
DA6.23 I antibody has a much broader binding spectrum. It is possible that, while
L243 staining of CHO-DR cells only reflected a limited proportion of the total surface
class II molecules, staining with the DA6.23 1 antibody represented the whole surface
population. It is possible that transfection with Lipofectin led to a conversion of
surface class II molecules to a conforinationally mature form, leading to an increase in
L243 epitopes. Conversely, cells transfected with the env glycoprotein expressed a
greater amount of class II molecules on the cell surface, many of which were of an
immature phenotype, leading to an increase in DA6.23 I epitopes. Therefore, it can be
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hypothesised that, in this model, gp 160 or gp 120 glycoproteins target class II to the
cell surface, but do not lead to a change in their maturational state.
Indirect immunofluorescence staining of transfected CHO-DR cells was used to
complement the flow cytometry data, in an attempt to resolve the question of the
exact effects of gp 160 and gp 120 expression on class H production and distribution.
One advantage of this protocol over flow cytometry was that it allowed the
observation of individual cells, whilst flow cytometry could only be used to detect
changes in surface staining of whole cell populations.
Env expression in pSRHS-transfected CHO-DR cells was detected using the D7324
gp 120 antibody. It was difficult to detect specific intracellular localisation of gp 160
and gp120 in these cells, due to the relatively high cross-reactivity of the D7324
antibody. D7324-stained control and pEV3-transfected cells showed brighter staining
than those stained with PBS alone. This difficulty was overcome by the use of
appropriate blocking filters which minimised background fluorescence and enhanced
the contrast between env-positive and -negative cells. A second problem was that the
low levels of env expression in pSRHS-transfected CHO-DR cells, combined with the
relatively low transfection efficiency, made it difficult to determine which cells were
positively stained. Finally, the transfection efficiency of approximately 25% meant that
there were comparatively few positive cells on each coverslip.
A number of brightly staining cells were observed however, which were exclusive to
pSRHS-transfected cells. Examination of secreted gp 120 levels indicated that these
cells were specifically expressing env, and were not simply randomly binding the
D7324 antibody. The apparent intracellular accumulation of env agreed with
metabolic labelling data, which suggested that a large proportion of env remained in
the cell as immature gpl60. The D7324 antibody was not able to distinguish between
gp 160 and the mature gp 120 domain., as it was raised to a linear peptide sequence
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present on gp 120, and was therefore specific for both glycoproteins. The anti-gp4 1
antibody was not suitable for use in this experiment, as it showed high levels of crossreactivity with native cellular proteins in immuno fluorescence staining.
Staining data from pSRHS-transfected CHO-DR cells showed increased surface class
II expression. An alteration in cell morphology was also observed, with transfected
cells displaying novel, class IT-positive membrane extensions. In this experiment, cells
were stained with the DA6.23 1 antibody, as opposed to L243, on the basis of the
flow cytometry experiment. Transfection with pSRHS led to a specific increase in
DA6.23 1 staining on the surface of CHO-DR cells, however 1,243-staining displayed
a more general increase resulting from the transfection process itself. It was not
possible to see marked alterations in the intracellular localisation of class II in envpositive cells, such as endosome formation, nor was it possible to detect parallel
staining patterns between DA6.23 1 and D7324, although this may have been due to
the cross-reactivity of the D7324 antibody.
In a repeat of the pulse chase analysis performed on env-transfected COS cells,
synthesis and processing of HIV env was examined in pSRHS-transfected CHO-DR
cells. The isolation of newly synthesised gpl60 glycoproteins from pSRHStransfected CHO-DR cells signified a very important stage in the transfection study,
and was due to modifications made to the transfection protocol to limit cell death.
Alterations included preparing serum free transfection medium containing nonessential amino acids required for CHO-DR cell growth (2.1.1.4), and including
specific CHO-DR chase medium in the labelling protocol. Confirmation that synthesis
of gp160 occurred in pSRHS-transfected CHO-DR cells even after 65 hours of
culture, meant that any differences in class II synthesis and processing in transfected
cells could be attributed to env expression.
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The fact that cleavage from gp 160 to gp 120 and gp4 I was not observed in this pulse
chase experiment was not significant, even though cleavage was maximal by 60
minutes of chase in pSRHS-transfected COS cells. The detection by ELISA of gp 120
in the culture supernatant of transfected CHO-DR cells showed that gp 160 was
cleaved correctly. The observation that levels of newly synthesised gp 120 were very
low, even in COS cells, indicates that the absence of a gp 120 signal in CHO-DR was
simply due to quantities of gp 120 below the level of detection by autoradiography.
In the second pulse chase experiment where the chase period was extended, the
gp 160 band intensity was similar to that seen in the earlier experiment. The presence
of this band throughout the chase period was consistent with the observations from
the COS pulse chase. A higher specificity antibody would be required for a study into
the labelling characteristics of gp120 in CHO-DR cells, as some cross-reactivity was
seen with native proteins in the 120 kDa range.
A second pulse chase experiment was performed, in which the use of the
conformation-dependent L243 antibody was intended to highlight any changes in the
early chaperoning or targeting of immature class II molecules within the cell.
Expression of env glycoproteins was demonstrated by ELISA of culture supernatants.
and by the parallel env pulse chase experiment described in section 5.2.8. At the
concentrations seen in this experiment, however, expression of gpl6O or gp120 did
not have a major effect in altering the maturational state of class II, although a small
increase in the molecular weight of class II molecules was seen in transfected cells.
This increase in transfected cells was possibly due to differences in glycosylation of
class U molecules, and indicated that the effect of env may be to alter the intracellular
localisation of class II, rather than to cause major conformational differences.
As CHO-DR cells lack class II targeting molecules such as the invariant chain, newly
synthesised class H molecules may not be routinely transported to the Golgi apparatus
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for post-translational processing. Alternatively, this process may be inefficient. The
fact that the L243 antibody bound with relatively high efficiency indicates that class H
molecules in CHO-DR cells did undergo some post-translational maturation. It is
possible that env glycoproteins associated with class II molecules, mediating passage
through the Golgi at a faster rate, and led to the earlier appearance of mature cx and 13
chains.
Newly synthesised class II molecules were therefore examined for their sensitivity to
digestion by the endoglycosidase H (endo H) enzyme. The DA6.23 I antibody was
used to inimunoprecipitate class II molecules, so that all forms of the a and 13 chains
could be isolated. Detection of immature forms of class II was an important factor, to
allow the observation of any early changes in processing. The chase period was also
extended to 4 hours to ensure that all processing events could be monitored.
Comparisons between endo H treated control and pSRHS-transfected CHO-DR cells
suggest that, at the concentrations synthesised in this experiment, gp 160 expression
did not lead to a modification of class II processing by altering the kinetics of the
passage of newly synthesised molecules through the Golgi apparatus. There was no
change in the length of time taken before the appearance of endo H resistant forms,
nor was there any qualitative difference between control and transfected cells, in
terms of a modification in the size or ratio of the endo H resistant, relative to the
sensitive forms of a and 13 chains.
It would have been beneficial to examine the endo H characteristics of newly
synthesised gp 160 molecules in parallel with class II molecules in transfected CHODR cells. Newly synthesised gp160 molecules produced by CHO-DR cells were not
treated with endo H for 2 reasons. The first was that the intensity of the gp 160 signal
had been very low in previous experiments. Endo H treatment required that each
sample be split into 2 aliquots, which would have made detection of gp 160 very
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difficult. Secondly, the high degree of glycosylation of the gp160 glycoprotein can
interfere with the detection of endo H sensitive forms (Rowell et al., 1 995a), which
might limit the amount of useful information to be gained from this experiment.
5.3.4 Summary
The majority of the work detailed in this chapter was concerned with establishing an
env transfection model for use in CHO-DR cells. Benefiting from the transfection
studies in COS, an optimal protocol for gp160 expression in CHO-DR cells was
obtained. This enabled a study of the effects of gp160 and gp120 on class

II

processing and expression. The combination of metabolic labelling and fluorescence
staining experiments identified a possible effect of env on class II surface expression,
occurring after Golgi processing. The use of conformation-dependent class II
antibodies established that env expression and possible association with class II
resulted in a change in intracellular localisation, although did not appear to lead to any
changes in structural integrity. A final test of this would be to extend class II pulse
chase experiments over a longer chase time to investigate the rate of degradation of
class H molecules in the presence or absence of env. Changes in the rate of class II
breakdown might indicate whether env has a chaperone function, stabilising immature
ap dimers.
A major factor for consideration when examining the data shown here, is that levels of
expression of the env gene were low, with glycoprotein levels much lower than those
seen in HIV-infected cells. It is possible that higher gp 160 and gp 120 levels would
cause much more pronounced biosynthetic effects, detectable by metabolic labelling
and autoradiography. The system detailed here, however, forms an excellent basis for
more detailed study of other env expression models, and the data obtained gives an
indication of areas of interest for these models. Attempts were made to increase env
production in CHO-DR cells. A number of regulatory plasmids were co-transfected
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into pSRHS-transfected CHO-DR cells, however it was seen that even providing
transactivating proteins designed to enhance activation of the pSRHS SV-40
promoter did not lead to upregulation of env synthesis.
Before additional research was carried out using this expression system, it would be
necessary to resolve a number of factors. One of the most important, is optimising the
detection system for studying env production. In this study, a great deal of time was
spent testing and evaluating a number of env antibodies, many of which proved to be
unsuitable for immunoprecipitation and staining assays. A common factor was
antibody cross-reactivity with native cellular proteins. This was seen in all cases, even
with purified monoclonal antibodies. It would be advisable to carry out an extensive
study on the antibodies available, investigating binding characteristics in Western
blotting, immunoprecipitation, flow cytometry and indirect immunofluorescence.
Antibody cross-reactivity was not an insurmountable problem in the case of Western
blotting and immunoprecipitation, as the gp160 and gp120 bands were distinct from
non-specific proteins. In fact, using the polyclonal anti-HIV serum was probably
advantageous, as it was likely contain antibodies specific for a number of different
viral epitopes. A major area of interest however, was the intracellular localisation of
env glycoproteins, and whether they colocalised with class II molecules in envtransfected. and HIV-infected cells. This could be investigated using
imniunofluorescence and confocal microscopy, which would clarify the mechanism by
which env alters class II expression. Immuno fluorescence microscopy would require
high antibody specificity, particularly when combined with antibodies to other
proteins in double staining experiments.
Another important area for improvement is env expression levels in CHO-DR cells. In
these cells, expression was very low, therefore the possibility that gp160 production
affects class II processing and expression in ways ruled out by this study cannot be
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overlooked. To address this fact, it would be desirable to create a system in which
much higher levels of gpl 60 could be produced. As attempted at the start of this
study, the creation of a stable env-expressing cell line would be a priority. Low
steady-state env expression could be overcome, provided provision could be made for
upregulation of expression. Methods by which this could be achieved are discussed in
more detail in section 6.3.4.
In addition to studying the effects of env on class II processing and expression, it
would be interesting to examine how class II affects env biosynthesis. In this study, it
was initially intended to use CHO cells as a class 11-negative control. This was not
possible however, as secreted gp 120 levels were only marginally above background in
these cells, and cell associated env glycoproteins were below the level of detection by
immunoprecipitation. This could be combated by creation of an improved expression
system, however. Higher levels of env would allow assays such as Western blotting
and endo H digestion, which would provide information as to how gp 160 and gp 120
expression differ in class 11-positive and -negative cells.
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6.1 INTRODUCTION

A transient transfection system had been shown to support the expression of the 1-11EV
envelope glycoprotein, gp 160 in CHO-DR cells. Using an env single transfection
system, it was possible to produce conformationally correct gp 160 env glycoproteins,
which were correctly processed to gpl20. The inefficient class II processing pathway
of CHO-DR cells magnified the effects of gp 160 production on class II biosynthesis
and surface expression. It was shown that while gp 160 expression did not change the
rate of class II biosynthesis, it did lead to increased levels of class II on the cell
surface, as detected by flow cytometry and indirect immuno fluorescence staining.
Transfection with gp 160 did not increase levels of mature. peptide-bound class II
molecules however. It is possible that gp 160 had a chaperone effect on newly
synthesised class II molecules, stabilising empty dimers which were then expressed on
the cell surface.
In order to explore the effects of env-transfection on class II processing in the context
of whole virus expression, a rapid complementation assay was developed for use in
COS and CHO-DR cells. This complementation assay involved expression of an envdeleted 1-IIV-1 provirus in combination with the 1-HV-1 HXB2 env gene used in the
chapter 5 transient transfection model. The work shown in this chapter was an
expansion of chapter 5, where the HIV-1 env gene was transfected into COS and
CHO-DR cells. It was necessary to investigate the effects of other virus genes on
class II localisation, to ensure that the transfection model provides an accurate
reflection of events occurring in FIIV-infected cells. It has been shown that expression
of the pr559ag precursor has an effect on env surface expression (Egan et al., 1996),
and it is possible that co-expression of other viral proteins may modulate the effect of
env on class II.

The transient complementation assay model was adapted for use in CHO-DR cells for
a number of reasons. Many studies have shown that large quantities of class II
molecules are selectively incorporated into virions (Arthur et al., 1992; Bastiani et al.,
1997; Cantin et al.. 1997: Capobianchi et al.. 1994; Castiletti et al., 1995; Frank et
al., 1996; Orentas and Hildreth. 1993: Rossio

et at.. 1995). Arthur et al.

demonstrated incorporation of HLA-DR, but not DP or DQ, into virions released
from HIV-infected H9 cells, despite expression of equivalent amounts of these
glycoproteins on the cell surface (Arthur et at., 1992). This model could be used to
investigate which viral gene products might be involved in mediating class II
incorporation into virions, and specifically whether env is necessary and sufficient for
class II inclusion.
Viral particles have also been observed budding into the class 11-positive endosomal
antigen processing compartment in HIV Ba-L-infected primary macrophages (M.
Moore, personal communication). This, combined with the fact that the CD63
lysosomal marker was incorporated into virions (Orentas and Hildreth. 1993),
provided strong evidence that endogenously synthesised viral particles are able to gain
access to the class H antigen processing pathway. Expression of high concentrations
of class II molecules on virions has been shown to increase viral infectivity, and may
play a role in the proposed infection of CD4-negative cells with HTV (Cantin et al.,
1997: Castilletti et at., 1995; Rossio etal., 1995).
A variety of other host cell proteins are incorporated into virions, including class I,
2M, cyclophilin A. complement control proteins, CD43, CD44, transferrin receptor,
lymphocyte function-related antigen (LFA)-1 and -3, and intercellular adhesion
molecule (ICAM)-1 (Arthur et al.. 1992; Bastiani et at., 1997; Cantin et al.. 1997;
Castiletti etal., 1995; Franke et at., 1994; Guo and Hildreth, 1995; Marschang et al.,
1995; Montefiori et al., 1994; Orentas and Hildreth, 1993; Saifuddin et al., 1995;
Thali et at., 1994). Acquisition of many of these proteins has been shown to be
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specific, as they are present on virions at concentrations above those expected from
random incorporation as a result of virus particles budding from the plasma
membrane.
The complementation assay was initially developed in COS cells, as the high levels of
env expression allowed optimisation of the protocol. This protocol was then used for
transfection of CHO-DR cells. Cells were transfected with the pHTVAenvCAT
plasmid (2.8.1.5), which encodes an HIIV-1 provirus with a 580 bp deletion in the env
gene and substitution of nef with a bacterial CAT gene, and complemented by cotransfection with the env-expression plasmid. pSRHS. Virions were concentrated
from the culture supernatants of transfected COS and CHO-DR cells, and Western
blotting was used to detect incorporation of viral proteins or class II molecules into
these virions. In parallel with the single transfectant study, surface levels of env and
class II molecules on CHO-DR cells were measured by flow cytometry and indirect
immuno fluorescence. Class II biosynthesis in pHIIVAenvCAT cells transfected with
pEV3 or pSRHS was examined by metabolic labelling and autoradiography.

6.2 RESULTS

6.2.1 Time course of CAT expression and gpl20 release from pSRIIS- and
pHI VA envCA T-transfected COS cells
In the previous chapter, the optimum time point for expression of env in pSRHStransfected COS cells was determined at between 48 and 72 hours (5.2.2). COS cells
were co-transfected with the pHIVAenvCAT (figure 6.1(A); 2.8.1.5) and pSRHS
plasmids (2.8.1.1), using Lipofectin (2.8.3). Samples of culture supernatant were
taken at 24, 48. and 72 hours post-transfection. for analysis of secreted gp 120 levels.
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Fig 6.1

Time course of CAT and env expression in pHIVAenvCAT transfected COS cells complemented with pSRBS
PHTVzenvCAT (Dr. Joseph Sodroski) - this plasmid encodes and
HTV- 1 provirus under the control of the HIV- 1 LTR. The nef gene
is replaced with a CAT gene (indicated by *), and the plasmid
contains a 580 bp deletion in the env gene.
Chioramphenical acetyltransferase (CAT) enzyme activity was
measured in pHIVzenvCAT/pSRHS-transfected COS cell extracts
by CAT assay. Secreted gp120 levels were detected by antigen
capture ELISA of 100 l of culture supernatant.
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Cell extracts were prepared and analysed for activity of the chioramphenicol
acetyltransferase (CAT) enzyme (2.8.6).
In this system, CAT is used as a reporter gene, as transcription of the CAT gene and
synthesis of the CAT enzyme is entirely dependent on plasmid expression. The time
course of CAT activity is shown on the graph on figure 6.1(B). CAT velocity values
are shown in arbitrary units, and represent the rate of transfer of 3H-acetyl groups to
chioramphenicol by the CAT enzyme present in transfected cell extracts. This is
related to the amount of CAT present in the cell, which provides a relative
measurement of plasmid expression. Secreted gp120 values for each time point are
shown beside the relevant CAT values on the graph. In contrast to gpl20 levels,
where there was a lag before optimal expression of 188.5 ng/ml, CAT enzyme levels
were maximal at 24 hours after transfection at 575 units, and remained high up to 72
hours post-transfection at 477 units.
6.2.2 Env synthesis and expression in HIVAenvCAT-transfected COS cells
complemented with pEX2 or pSRHS
COS cells were co-transfected with pSRI-IS-env (2.8.1.1) or pEX2-env (2.8.1.2), and
pHIVenvCAT to express infectious virus particles, or with the control plasmid
pEV3 (2.8.1.3). On the basis of data obtained in chapter 5 (5.2.2) and section 6.2.1,
transfected cells were examined at 65 hours post-transfection. Culture supernatants
were analysed using the gp120 antigen capture ELISA (2.8.5). Secreted gpl20 levels
are shown under the respective lanes on the Western blot on figure 6.2(A), and
represent the average values from duplicate transfections. COS cells co-transfected
with pEX2 and pEV3. or pH1VenvCAT, produced 578 and 843 ng/ml gp120
respectively. COS cells co-transfected with pSRHS and pEV3, or pHI VzenvCAT,
produced 505 or 764 ng/ml gp120 respectively. CAT velocities were assayed in
extracts prepared from one plate from each transfection condition, using pEV3-
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Fig 6.2

Synthesis and expression of env glycoprotems in COS cells
trasnfected with pHIVAenvVAT and complemented with pSRHS
or pEX2
Western blot. Cell extracts from pEX2- or pSRHS-transfected cells
co-transfected with pHIVAenvCAT or pEV3. Samples were run on
6-15%

sucrose density gradient mini-gels under reducing

conditions, and blotted with the 1272 anti-HIV serum. Secreted
gp120 levels as measured by antigen capture ELISA are shown
beneath each lane.
Control and transfected cells were radiolabelled and
immunoprecipitated with the 1272 anti-REV serum. Samples were
analysed on 8% SDS-PAGE under reducing conditions.
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transfected cells as controls. The values were as follows: control -1 unit: pEX2/pEV3
- 0 units; pEX2/pHIVenvCAT - 365 units; pSRHS/pEV3 - I unit and
pSRHS/pHTVtenvCAT 397 units. These values were consistent with CAT expression
in the previous experiment.
The remaining plates were lysed and Western blotted (2.6) with the 1272 polyclonal
anti-REV patient serum (2.2.2). Cell-associated envelope glycoproteins in pEX2- or
pSRHS-transfected cells are shown on figure 6.2(A). Untransfected COS cells were
used as a control. From the blot it can be seen that both pEX2- and pSRHStransfected cells synthesised gp 160, and that this was processed to form gp 120. The
identity of the envelope glycoproteins in transfected cells was established in the
previous chapter by comparison with recombinant gpl6O and gpl2o (figure 5.3), and
confirmed in this experiment, by the absence of the two env bands in control cell
extracts. The Western blot shows that there was no difference between gp160
production by cells co-transfected with env and pEV3, or pHJVAenvCAT. In
addition, the relative proportions of gp160 to gp120 were the same in env/pEV3 or
env/pHIVAenvCAT co-transfected cells.
To ensure that HIVAenv/env complemented COS cells were able to synthesise gp 160
and gp120 correctly, GUS cells were transfected with pI{IVAenvCAT, and
complemented with the env-expressing pEX2, or pSRHS plasmids, or the pEV3
control plasmid. Duplicate transfections were performed, and assayed at 65 hours
post-transfection. One plate was radiolabelled and immunoprecipitated with the 1272
anti-REV serum (2.5.1/2.5.5). The remaining plate was analysed by CAT assay. There
was some variation between values from the three pHIVAenvCAT transfection
conditions, with pEV3 complemented cells showing a velocity of 313 units. pEX2
transfected cells at 275 units, and pSRHS complemented cells at 353 units. This
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variation was not significant. as final CAT values were equivalent at approximately 22
000 units.
The autoradiograph on figure 6.2(B) shows production of env glycoproteins by
pEX2- and pSRHS-complemented cells. COS cells were radiolabelled for
approximately 3 hours before lysis and immunoprecipitation with the 1272 anti-MV
patient serum. The dense band at approximately 160 kDa represented the HIIV gp 160
envelope glycoprotein, as it was not present in the control or pEV3/pHIVAenvCAT
lanes. A small amount of the newly synthesised gp160 was cleaved to produce the
gp 120 subunit, shown by the presence of a faint band in pEX2/pHIVAenvCAT and
pSRHS/pHIVAenvCAT transfected cells. It was not possible to detect other viral
proteins by radiolabelling and immunoprecipitation using the 1272 antibody, which
may be due to the high degree of cross-reactivity of the 1272 anti-serum, leading to
many non-specific bands at the molecular weights of interest.
6.23 Incorporation of gpl20 into virions released from pHIVA envCA T-

transfected COS cells complemented with pSRHS
COS cells were co-transfected in triplicate with pHIVAenvCAT, and pSRHS-env or
the pEV3 control plasmid. At 65 hours, one plate from each transfection was assayed
for CAT activity. The CAT values were as follows: pEV3/pHIIVAenvCAT transfected
cells - 571 units; pSRHS/pHIVAenvCAT cells - 449 units. Cell extracts were
prepared from a second plate and assayed by Western blotting with 1272. Virus
particles in the culture supernatant were concentrated by PEG precipitation (2.3.3),
and analysed by Western blotting with the 1272 anti-HIV serum.
The Western blot on figure 6.3(A) shows a number of bands representing cellassociated viral proteins in pHIVAenvCAT-transfected cells. These bands were not
seen in control cells, and can be assumed to be virus-specific. There were a large
number of background bands seen in all cell extracts, however these were simply due

246

Fig 6.3

Expression of HIV proteins and incorporation of gp120 into
virions in pSRBS + pfflVDenvCAT-transfected COS cells
Cell extracts, or PEG precipitated viral particles from pEV3- or
p SRHS-transfected cells complemented with pHTVAenvCAT.
Samples were run on 6-15% sucrose density gradient mini-gels
under reducing conditions and Western blotted with the 1272 antiHIV serum. Secreted gp120 levels as measured by antigen capture
ELISA are shown beneath relevant lanes.
Culture supernatants from control, pEV3/pHIVAenvCAT- and
pSRHS/pHIVztenvCAT-transfected COS cells were analysed by
antigen capture ELISA after lysis of viral particles with the
Empigen detergent, or after concentration of virions by PEG
precipitation.
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to the cross-reactivity of the 1272 polyclonal patient serum. Both
pEV3/pHIVAenvCAT- and pSRHS/pHTVenvCAT-transfected COS cell extracts
contained the p24 gag capsid protein, the p17 gag matrix protein, and the p55 reverse
transcriptase (RT) enzyme. There are two bands representing gp160 and gpl20,
specific to pSRHS/pHIVenvCAT cell extracts. In addition there is a faint band at
—40 kDa, which is likely to represent the gp41 env subunit.
PEG precipitated virus particles concentrated from the supernatants of
pHI VenvCAT-transfected cells are also shown on figure 6.3(A). It is possible to see
a band representing p55 RT associated with virus particles isolated from both pEV3
and pSRHS complemented cells. It is also possible to detect gp120, and a small
amount of gp 160 incorporated into the virions, which would agree with studies
showing that a small amount of gp160 escapes the normal processing mechanism and
is transported to the cell surface (Dewar et al.. 1989).
100 p,1 of culture supernatant was taken from each transfection. and secreted gp 120
levels determined by antigen capture ELISA. A second 100 p,l aliquot was removed
and incubated with 0.3% Empigen detergent to lyse virus particles present in the
culture supernatant. Aliquots were taken from culture supernatants after
concentration of virus by PEG precipitation, to estimate the proportion of free gp 120
molecules in the culture supernatant. The data from these experiments are shown on
the table on figure 6.3(B). It can be seen that lysis of virus particles suspended in the
culture supernatant did not increase the total amount of gp120 detectable by ELISA.
The average level in untreated supernatant was 74.8 ng!mL whereas the average value
for Empigen-treated samples was 71.9 ng/ml. Samples taken after PEG precipitation
of virions contained an average of 7.1 ng!ml gpl20.
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6.2.4 CAT activity and env production in COS and CHO-DR cells transftcted with
different molar ratios ofpHIVdenvCA T and pSRRS
In the previous experiments, the pHIVAenvCAT, and pEV3 or pSRHS plasmids were
used at a 1:1 weight:weight ratio, using 2.5 .tg of each plasmid. In this experiment, a
number of different pSRHS:pHIVAenvCAT ratios were tested. These ratios were
based on the relative molecular weights of each plasmid, so that molar ratios could be
standardised for each transfection. The approximate relative molecular masses
(RMIM) of each plasmid are as follows: pEV3 control (-6600 kb) - 4.35 x 106 g;
pSRHS-env (-9200 kb) - 6.07 x 106 g; and pHI VzenvCAT (-20 kb) - 13.2 x 10 6 g.
COS and CO-DR cells were transfected with 0.15:0.15; 0.15:0.30; and 0.30:0.15
pHIVAenvCAT:pSRHS pmole (pM) DNA ratios. A 0.30:0.15 pM ratio of
pHJVenvCAT:pEV3 was included as a negative control for env expression.
Cell extracts were prepared at 65 hours post-transfection and analysed for CAT
activity. Secreted gp 120 levels in the culture supernatants were also measured. Trends
in CAT expression and gp 120 secretion from COS cells are compared in figure
6.4(A), where the y axis represents CAT expression, and the yy axis indicates
secreted gp120 levels. In COS cells. increasing the concentration of pHI VzenvCAT
from 0.15 pM to 0.30 pM led to a rise in CAT velocity from an average of 345 units
to 398 units in pSRHS complemented cells, although the value was only increased to
366 units in 0.15:0.30 pEV3/pHTV&nvCAT-transfected cells. Levels of secreted
gpl2O from COS cells complemented with 0.15 pM pSRHS DNA were at an average
of 55.5 ng!ml, which increased to 63 ng/ml in cells transfected with 0.30 pM.
Figure 6.4(B) compares trends in CAT activity and gp 120 secretion at the different
molar ratios in transfected CHO-DR cells. It is important to note that the yy-axis scale
of this graph for secreted gp120 levels is 10-fold lower than that for COS cells. This
allowed better comparison between production ofgpl2O supported by different ratios
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Fig 6.4

Comparison between CAT and env expression in pffEVAenvCATtransfected COS and CHO-DR cells complemented with pSRHS
Relative CAT velocities (dark boxes) and secreted gp120 levels (light
boxes) as measured by antigen capture ELISA in COS (A) and CHODR (B) cells transfected with different molar ratios of pSRHS and
p}HVenvCAT.
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of pSRHS-transfection of CR0-DR cells. The average level of 5.7 ng/ml in cells
transfected with 0.15 pM pSRHS was increased to 6.8 nglml with 0.30 pM. Env
expression levels in pHlIVz\envCAT and pSRHS-complemented CHO-DR cells were
consistent with those seen in the single transfectant env-expression system (5.2.5). In
CR0-DR cells. CAT expression levels were similar to those in pHIIVienvCATtransfected COS cells. The average CAT velocity in CHO-DR cells transfected with
0.15 pM pHIVMnvCAT was 324 units, compared to 345 units in COS cells.
Increasing the pHI VAenvCAT concentration to 0.30 pM resulted in a CAT velocity
of 326 units in pSRHS complemented cells. As seen in the previous chapter,
expression of pSRHS in CHO-DR cells was approximately ten-fold lower than in
COS cells. On the basis of the data from this experiment, subsequent transfection
experiments were performed using a molar ratio of 0.15:0.30 pM.
6.2.5 Incorporation of gpl20 and MHC class IF into virions released from
pHIVzlenvCAT-transfected CHO-DR cells complemented with pSRHS
CR0-DR cells were co-transfected with pHIV\envCAT and pSRRS-env, or the
pEV3control, at a molar ratio of 0.15:0.30 pM. At 65 hours post-transfectiom
infectious virus particles released from pSRHSIpHiIVenvCAT-transfected CR0-DR
cells, were concentrated from culture supernatants by PEG precipitation (2.3.3). Cell
extracts and PEG precipitates were then Western blotted, using the 1272 anti-HIV
serum. CAT activity and gp 120 levels were also measured. CAT values were at 469
units for pSRHS/pHTVenvCAT cells, and at 679 units for pEV3/pHiIVenvCATtransfected cells. These values were higher than in the previous experiment, however
this might be due to optimisation of the transfection protocol for CHO-DR cells.
Cell-associated viral proteins in CR0-DR cells transfected with pHIVzenvCAT are
shown on the Western blot on figure 6.5(A). It can be seen that there are readily
detectable levels of the p55 RT and p24 gag proteins. It is also possible to detect a
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Fig 6.5

Expression of HIV proteins and incorporation of gp120 into
virions

in

pfflVAenvCAT-transfected

CHO-DR cells

complemented with pSRBS
Cell extracts or PEG precipitated virus particles from pEV3- or
pSRHS-transfected cells complemented with pHTVenvCAT were
run on 6-15% sucrose density gradient mini-gels under reducing
conditions and Western blotted with the 1272 anti-HTV serum.
Secreted gp120 levels as measured by antigen capture ELISA are
shown beneath relevant lanes.
Cell extracts or PEG precipitated virus particles from pEV3-or
pSRHS-transfected cells complemented with pHTVenvCAT were
run on 12% SDS-PAGE under reducing conditions and Western
blotted with DA6. 147 anti-class H.
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band representing the p17 gag protein in both pHIVzenvCAT/pSRHS, and
pHiIVenvCAT/pEV3 co-transfected cells. It was not possible to detect bands
representing gp 160 or gp 120 in env-transfected CHO-DR cells in this experiment,
despite the preparation of relatively concentrated cell lysates.
Incorporation of viral proteins into infectious virus particles released from
pHI VienvCAT/pSRHS co-transfected cells is also shown. Levels of virion-associated
p24 were high, probably due to the concentration of the sample. It is also possible to
see a faint band representing gp 120 incorporated into viral particles, although it is
difficult to detect on this figure. Cell extracts and PEG concentrated virus particles
were also Western blotted using the DA6.147 antibody (2.2.1.1). The blQt is shown
on figure 6.5(B). Although it is not possible to see 3 chain molecules in the cell
extracts, a chain glycoproteins are clearly visible. The Western blot of PEG
precipitated virus shows recognition of virion-associated class II molecules, with both
a and

P chains present.

6.2.6 Surface expression of class II and env on pHI Vii envCA T-transfected CHODR cells complemented with pSRHS
Control, pH1VenvCAT/pEV3, or pHIVenvCAT/pSRHS co-transfected (molar
ratio - 0.15:0.30 pM) CHO-DR cells were stained for analysis by flow cytometry
(2.7.1). Cells from each transfection condition were pooled and stained with D7324
anti-gpl2O (2.2.1.2), DA6.231 anti-class II, or L243 anti-class 11(2.2.1.1), using PBS
as a control. Mean fluorescence intensities for each antibody are shown underneath
the relevant histograms on figure 6.6. The average secreted gp120 value for envtransfected cells was 5.4 mg/ml. CAT velocities were as follows: control - 0.5 units;
pEV3/pHTVenvCAT - 526 units; and pSRHS/pHIVAenvCAT - 618 units, consistent
with the previous experiment (6.2.5).
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Fig 6.6

Single staining flow cytometric analysis of pflIVLenvCAT transfected CHO-DR cells complemented with pEV3 or pSRHS
Duplicate wells of control, pHIVDenvCAT/pEV3, and
pH1VzenvCAT/pSRHS-transfected cells were pooled, then stained
with PBS (A); D7324 (B) anti-gp120; DA6.231 anti-class II (C); or
L243 anti-class 11(D) using appropriate FITC-conjugated secondary
ani-Ig antibodies. Mean fluorescence intensities are shown beneath the
relevant histograms.
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PBS staining of control and transfected CHO-DR cells is shown on figure 6.6(A). It
can be seen that there was no increase in non-specific secondary antibody binding
resulting from the transfection process. Surface gp 120 levels were detected using the
D7324 antibody. As seen on CHO-DR pEV3 and pSRHS single transfectants (5.2.6),
there was a 25% non-specific increase in D7324 staining, from 64.69 mean
fluorescence intensity (MFI) on control cells, to

80.59

MFI on

pEV3/pHSIVAenvCAT-transfected cells. The increase in staining intensity to 101.9
MFI on pSRHS/pHEVAenvCAT-transfected cells represented a 26% gp 120-specific
increase.
The trend ofDA6.231 staining of transfected CHO-DR cells closely matched that on
single transfectants (5.2.6). As shown on figure 6.6(C). there was a 13% increase in
mean fluorescence to 365.74 MFI on pEV3/pHTVAenvCAT-transfected cells,
compared to 323.27 MFI on control cells. DA6.231 epitopes showed a 10% specific
increase after transfection with pSRHS and pHIIVAenvCAT, to 403.56 MFI. Surface
class H levels as detected by the L24 3 antibody are shown on figure 6.6(D).
Transfection with pI{IVAenvCAT resulted in a large increase in surface class II
staining from 299.48 M1FI on control cells. to 437.74 M1FI on pEV3/pH1VenvCATtransfected cells. This represented a shift of 46%. In contrast, class II levels were
lower on pSRHS/pHTVAenvCAT cells, at 396.87 MIFI, a reduction of approximately
9% from pEV3/pHIVAenvCAT cells.
6.2.7 Intracellular localisation

of class

II and env glycoproteins in

pHI VzlenvCA T-transfected CHO-DR cells complemented with pSRHS
Control and pHlV\envCAT-transfected cells were examined using indirect
immunofluorescence staining. CHO-DR cells were grown on glass coverslips
(2.7.2.1) and co-transfected with pFHVzenvCAT and either the pEV3 control
plasmid or pSRFIS, at a 0.30:0.15 pM ratio. Coverslips were stained with D7324 anti-
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gpl20. DA6.231 anti-class II. and KC57 anti-p24 (2.2.1.2), using PBS as a control
(2.7.2.2). The average secreted gp 120 level for pSRHS/pHIVAenvCAT transfected
cells was 8.0 ng!ml. Cell extracts were prepared from the cells remaining on each
plate after coverslip removal, and CAT values measured. CAT velocities were as
follows: control - I unit; pEV3/pHIV\envCAT - 531 units; pSRHS/pH1V\envCAT 598 units.
The level of non-specific secondary antibody staining is shown on figure 6.7a(A).
Cells were incubated with PBS to establish the level of background staining by the
FITC anti-Ig conjugate. It can be seen that there was no significant increase in
staining resulting from expression of the pI-llVenvCAT plasmid, in the presence or
absence of env. The effects of background fluorescence were minimised by the use of
appropriate light filters. Intracellular env molecules were detected using the D7324
gpl20 antibody, and are shown on figure 6.7A(B). Despite a small amount of crossreactivity of this antibody with native cellular proteins, it was possible to detect
pSRHS/pHIVAenvCAT-transfected cells specifically expressing env glycoproteins.
The staining characteristics of these cells were similar to those of the pSRHS-env
single transfectants in that env glycoproteins were largely located intracellularly,
although it was not possible to see clear localisation to specific compartments.
The intracellular localisation of class II molecules in control and transfected cells is
shown on figure 6.7a(C). The general pattern of staining was similar to that seen in
pEV3 and some pSRHS single transfectants (5.2.7), with class II molecules, apart
from some perinuclear localisation, diffusely distributed over the whole cell. A small
proportion of pSRHS/pHIVenvCAT-transfected cells displayed class TI-positive
membranous processes, with more distinct cell surface expression. This can be seen
from figure 6.7a(C), where there is a sharp comparison between the morphologies of
the two different cell types.
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Figure 6.7a Indirect immunofluorescence staining of pHIVAenvCAT-transfected CHO-DR cells complemented
with pEV3 or pSRHS
CHO-DR cells were grown on coverslips and transfected with pHIVAenvCAT complemented with either
pEV3 or pSRHS. Control and transfected coverslips were then stained with PBS (A); D7324 anti-gp 120 (B);
or DA6.23 I anti-class 11(C) using appropriate FITC-conjugated secondary anti-Ig antibodies.
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Expression of p24 proteins in pHIVAenvCAT-transfected cells can be seen on figure
6.7b. Staining for p24 was used as an internal control to monitor expression of viral
proteins within transfected cells. pHIVAenvCAT-transfected cells complemented with
pEV3 or pSRHS, showed very bright staining with the p24 antibody compared to
control cells. Notably, not all cells in the field were positive for p24, as can be seen
from the very dull staining of the cells adjacent to the brightly staining transfected
cells. This is important, as not all the cells were likely to be transfected (2.8.4). p 24
staining of pEV3 and pSRHS single transfectants is equivalent to that seen in control
cells.
6.2.8 Synthesis of class II molecules in pHIVzlenvCA T-transfected CHO-DR cells
complemented with pSRHS
CHO-DR cells were transfected with pHIVAenvCAT, and complemented with either
pEV3 or pSRHS at a pM ratio of 0.15:0.30. At 65 hours post-transfection, cells were
radiolabelled, pulse-chased, and in-imunoprecipitated with the DA6.23 1 class II
antibody. CAT expression and secreted gp 120 levels were also determined. CAT
velocities were at 472 units for pEV3/pHIVAenvCAT-transfected cells, and at 424
units for pSRHS/pHTVtenvCAT-transfected cells. The average gp120 level was 6.0
ng!ml.
Class II synthesis in pEV3/pHTVAenvCAT-transfected CHO-DR cells is shown on
figure 6.8(A). Expression of the WVenv provirus alone did not lead to any
significant changes in class II production, with class II a and

13 chains synthesised in

the same proportions as in control cells. It is possible to detect the appearance of
secondary bands migrating at slightly higher molecular weights than the a and

13

glycoproteins. These products are first seen between 45 and 90 minutes of chase, and
it is possible that they represent the appearance of mature, glycosylated forms of the
class II glycoproteins. This effect is also seen in class II molecules produced by
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Figure 6.7b Indirect immunofluorescence staining of pHIVAenvCAT-transfected CHO-DR cells complemented
with pEV3 or pSRHS
CHO-DR cells were grown on coverslips and transfected pEV3 or pSRFIS alone, or co-transfected with
pHIVAenvCAT. Control and transfected coverslips were then stained with the FITC-conjugated KC57 antip24 antibody.
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Fig 6.8

Comparison of class H synthesis in pHIVtenvCAT-transfected
CHO-DR cells complemented with pEV3 or pSRHS
Control and pHIVienvCAT/pEV3- (A) or pHTVtenvCAT/pSRHStransfected (B) CHO-DR cells were radiolabelled, pulse chased and
immunoprecipitated with the DA6.23 1 anti-class II antibody. Samples
were run on 12% SDS-PAGE under reducing conditions. Secreted
gp120 levels are shown under relevant lanes.
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pSRHS/pHTVenvCAT-transfected cells, with the higher molecular weight bands also
apparent at 45-90 minutes of chase (figure 6.8(B)). In pulse-chase experiments on
class II glycoproteins in pSRHS single transfectants, it was possible to see a slight
increase in the molecular weight of a and 13 chains produced in transfected cells
(figure 5.11). A similar effect was seen in this experiment, in pHJVenvCATtransfected cells complemented with both pEV3 and pSRHS.

6.3 DiscussioN
6.3.1 Development of the HlVzlenv7env complementation assay in COS cells

The use of a plasmid expressing an env deleted HIV provirus, in combination with an
env-expression plasmid in transient transfection assays, provided a readily controllable
mechanism to study the characteristics of env glycoproteins in the presence or
absence of the whole virus. Adding pHI VAenv to the env-encoding pSRHS plasmid in
CR0-DR cells was designed to examine whether expression of whole HIV modulates
the way in which env affects class H expression, as seen in chapter 5 (5.3). This would
indicate whether the observations from single transfection experiments have any
correlation with events occurring in HIT V-infected cells.
H1Vienv/env complementation assays were initially developed to study the effects of
env mutation on syncytium formation and virus infectivity (Helseth et al., 1990). This
model supported the release of virions from transfected COS cells, which contained
env glycoproteins derived from an env-expressing plasmid, and an RNA genome from
the provirus-expressing plasmid. There are a number of advantages to using a
transient complementation system over infection with the whole HIIV. The first is that
virus production is synchronised, and infectious virions can be harvested from culture
supernatants at 48-72 hours post-transfection. In addition., transient transfection
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assays are reproducible and, if necessary, plasmid expression can be quantified by
measurement of CAT enzyme activity in transfected cell extracts.
The kinetics of env expression in transient transfection assays had been established in
chapter 5 (5.2.2). It was necessary to measure expression of the p1HVenvCAT
plasmid over time, to co-ordinate maximal proviral and env expression. The level of
CAT enzyme activity provides a measure of plasmid expression. CAT values were
therefore used as an internal control in transient transfection assays to monitor the
reproducibility of successive transfections. The fact that CAT expression was maximal
at 24 hours post-transfection.. whilst gp120 was subject to a lag before maximal
production, was likely to be due to differences in the kinetics of promoter activation.
The pHTVAenvCAT plasmid is driven by the HIV long terminal repeat (LTR)
promoter. This is activated by the early expression of the HIV tat transactivator
protein (1.2.2). The data shown on figure 6.1 (6.2.1), indicate that this is an efficient
process, which occurs at an early stage of transfection. In contrast, pSRHS is driven
by the SV-40 promoter, activated by cellular factors. The lag of approximately 48
hours before high expression of this plasmid indicates that this may be a less efficient
process.
To allow comparison between the experiments on env single transfectants in chapter
5, HTVAenv/env-complemented cells were analysed at 65 hours post-transfection.
Expression of env was the limiting factor in experiments using CHO-DR cells,
therefore it was necessary to chose a time point which allowed maximal synthesis of
the env glycoproteins. CAT activity was still at relatively high levels even after 72
hours of culture, and it would be expected that viral particles released from
pHIVenvCAT-transfected cells would accumulate in the culture supernatant over
time. Therefore, by delaying analysis until 65 hours after transfection, there should be
a greater probability of detecting viral proteins incorporated into virions.

WS

In parallel with single transfection studies, expression of the env gene product was
examined in cells co-transfected with env and either pEV3, or pHIVAenvCAT.
Comparing HIVzenvIenv complemented cells with env single transfectants was
important to ensure that expression of the HlVAenv provirus did not adversely affect
either the quality or quantity of env glycoproteins produced. As was the case with env
single transfectants in chapter 5 (5.2.1-4), preliminary experiments were carried out in
COS cells. As a high env-expressing cell line, COS was used to fine tune the
experimental protocol. Although the pSRHS plasmid had been chosen as the basis of
the env single transfectant study, pEX2 was also examined initially to insure that this
plasmid could support gp160 production in pHI VAenv/env complementation assays.
This would be an important consideration in any future complementation experiments
requiring expression of patient env material.
The observation that co-transfection with env and the pHI VenvCAT plasmid did not
alter levels of cell associated env glycoproteins (6.2.2), provides confirmation that the
gp 160 expression and processing characteristics seen in the env single transfection
studies (5.2.3-4), would be comparable to those of env produced in cells expressing
whole I-IIV. The large difference in secreted gp120 levels seen between

env-

transfected cells co-expressing pEV3 or pHIVAenvCAT was not likely to be a
significant factor, as there were promoter differences between the two plasmids. The
pHIVAenvCAT plasmid is driven by the HITV long terminal repeat (LTR), whilst
transcription of pEV3 is controlled by the SV-40 promoter. The pEV3 promoter
would be expected to compete with that of pSRETS for cellular activators, limiting
transcription of the env gene. There would be no such competition in pFHVAenvCAT
complemented cells, as transcription of this plasmid is driven by a positive feedback
loop dependent on the tat transactivator.
The Western blotting experiment described above, provided information about the
total cell-associated env populations, however it was also necessary to examine

263

synthesis of gp 120 in pHi1VzenvCAT-transfected COS cells complemented with env
(6.2.2). This was an additional quality control measure to ensure that the processing
characteristics of newly synthesised env glycoproteins were not altered by expression
of the HTVienv provirus. gp 160 was synthesised in relatively large amounts in
pHTVenvCAT/env complemented cells, and correctly cleaved to produce gpl20.
The comparatively low levels of cleavage to gp120 correlate with env synthesis and
processing characteristics in env single transfectants.
The apparent disparity between the relative proportions of gp 160 to gp 120 seen in the
radio labelling and Western blotting experiments is easily explained. Env glycoproteins
isolated after radiolabelling and immunoprecipitation represented the fraction of
molecules synthesised over a 3 hour time period. In contrast, Western blotting
identified the steady-state cell-associated env population. Although a relatively large
amount of gp 160 remains uncleaved in HTV-infected and env-transfected cells, it does
not accumulate in the cell, but is transported to the lysosomes for degradation (Willey
et al., 1988). In the cell as a whole, the ratio of gp160 to gp120 is therefore much
closer to 1:1.
As an additional quality control measure, it was necessary to examine incorporation of
gp 120 glycoproteiris into virions released from pSRHS/p1-llVzenvCAT-transfected
COS cells, to ensure that viral particles synthesised in this system were correctly
assembled (6.2.3). This was important, as viral infectivity depends upon the
expression of correctly processed and folded gp 120 on the virion surface. It has
already been shown that complementation assays, where cells were transfected with
pHIVAenvCAT and various forms of env, were able to produce infectious viral
particles that can enter cells and undergo one round of replication.. detected by CAT
assay of target cells (A. Alonso, personal communication; Helseth et al.. 1990).
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In pHI VenvCAT-transfected cell extracts. a number of cell associated viral proteins
were observed, including the gpl60. gpl20. and gp4l env glycoproteins. It is likely
that detection of the gp4l glycoprotein in this experiment was due to the high
concentration of the extract, and the long developing time of the blot. Notably,
significant amounts of gpl20 were observed. The small amount of gp160
incorporated into virions was not likely to be significant, as this immature form of env
would not be able to mediate infection of target CD4 cells.
Additional evidence that gpl2O was incorporated into virus particles released from
pSRHS/pHIVAenvCAT-transfected COS cells, was provided by examining gp 120
levels in culture supernatants before and after concentration of virus by PEG
precipitation (6.2.3). It was seen that approximately 90% of the detectable gp120 in
the culture supernatant was associated with virus particles, as the levels of free gp 120
in the post-PEG supernatant were approximately 10% of those seen in untreated
supernatants. This free gp120 may represent molecules shed from the surface of
transfected cells and/or virions
Detergent treatment of HI V-infected and transfected culture supernatants is
commonly used for solubilisation of viral proteins, and is used in 1-11EV p24 ELISAs to
release the gag core proteins from the virion (2.3.2). There are two explanations as to
why treatment with Empigen did not increase the levels of free gp120 in culture
supernatants. The first is that the epitope for binding to the gp120 capture antibody is
expressed on the exterior surface of virion-associated gp 120, allowing binding of
incorporated gp 120. Virions would be lysed by the Tween 20-containing wash buffer.
allowing binding of the gp 120 detection antibody. This is unlikely to be the complete
explanation, however, as there would be a great deal of steric hindrance by virions,
and gp120 molecules on the distal surface of the virion would be unavailable for
binding to the capture antibody.
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The second explanation is that, while Empigen treatment may increase the amount of
free gp 120 able to bind to the ELISA capture antibody, it may in turn disrupt the
integrity of gp120 molecules. Recombinant gp120 preparations are resuspended in
buffer containing Empigen., so treatment with this detergent would not be expected to
abrogate gpl 20 binding. However, it is possible that there may be residual cells
remaining in the culture supernatant which release proteolytic enzymes on treatment
with Empigen, which would affect the integrity of free gp 120 molecules.
6.3.2 Comparison between CAT and env gene expression in COS and CHO-DR
cells
It was necessary to ensure that the complementation protocol was optimal for use in
CHO-DR cells. This system could then be used to ensure, in the first instance, that
expression of the complete virus did not significantly alter the effect of env on class II
localisation observed in the single transfectant study. A number of different molar
ratios of the two plasmids were tested for expression CHO-DR cells. COS cells were
included in this experiment to provide a positive control (6.2.4). The aim of this
experiment was to achieve the best balance between CAT and env expression, which
would allow optimal env-positive virion formation. In CHO-DR cells, env-expression
levels were very low, therefore increasing gp 120 levels by only a small amount might
have a significant effect in the detection env-specific changes in class II localisation.
In contrast to env-expression in CHO-DR cells, which was approximately 10 times
lower than in COS cells. production of the CAT enzyme was only marginally lower in
pHIVenvCAT-transfected CHO-DR cells. The high CAT expression in CHO-DR
cells was likely to be due to the promoter differences between the pSRHS and
pHI VtenvCAT plasmids. The HIV LTR promoter of pHI VenvCAT is activated by
the tat transactivator protein. This is an early HIV expression product. and once a

266

small amount of tat is produced, it takes over transcriptional regulation of the LTR
(1.2.2), leading to increased LTR activation.
COS cells showed increased CAT expression with increasing pHTVzenvCAT DNA
concentrations, compared to the relatively constant CAT enzyme levels in CR0-DR
cells. This may reflect the differences between activation in COS and CHO-DR cells.
The mechanism by which tat leads to transcriptional activation of the LTR is
dependent on host cellular kinases. The limiting factor in pHIVAenvCAT activation
may be the concentrations of these kinases in CR0-DR cells. It is therefore possible
that expression of the pHIVenvCAT plasmid in CHO-DR cells reaches saturation
levels at a concentration of 0.15 pM, and that increasing the plasmid concentration to
0.30 pM has little effect.
Expression of the env gene followed a definite trend in both cell lines. Increasing the
concentration of the pSRHS plasmid to 0.3 pM led to an increase in secreted gp120
levels in the culture supernatants of both COS and CHO-DR cells. An interesting
observation is that env expression was also higher in cells transfected with a 0.15:0.30
pM ratio of pSRHS:pHTVAenvCAT. It is possible that expression of HIV regulatory
and accessory proteins in pHIVAenvCAT-complemented cells enhanced gp120
production. or stabilised newly synthesised env glycoproteins.
6.3.3 Effect of pHIVLI envCA T/pSRHS transftction on class II expression by CHODR cells
Comparison between different molar ratios (6.2.4), demonstrated that expression of
the pH1VenvCAT plasmid was relatively high in CR0-DR cells. and that pSRHSmediated gp 120 production was at detectable levels. It was then necessary to establish
that, at the levels expressed in this systemn, complete, env-positive infectious virions
could be assembled in CHO-DR cells. The interaction of gpl20/gp4l with the gag
precursor in newly synthesised virions may mediate the intracellular localisation of

267

virions and affect interception of env with the class II biosynthetic pathway (7.3). This
might alter any interaction between class II and env molecules which occurs in the
single transfection model. It was therefore important to demonstrate association of
env glycoproteins with HIVAenv particles and formation of mature virions in CHODR cells, to be able to make any comparisons between REV-infected and -transfected
cells.
pHTVAenvCAT-transfected CHO-DR cells expressed a similar range of cell- and
virion-associated HIV-specific proteins as COS cells (6.2.5). The most important
observation was that gp 120 molecules were incorporated into virions released from
pHJVEenvCAT/env-complemented CHO-DR cells. This was significant as it meant
that virion synthesis and gp 120 incorporation was functional in these cells. It is likely
that the high concentration of virus particles by PEG precipitation allowed gp 120 to
be seen on the blot, despite the fact that env glycoproteins were not detectable in the
Western blot of cell extracts.
Using the DA6.147 antibody, it was also possible to detect class H molecules
incorporated into virions released from pSRHS/pHIVenvCAT-transfected CHO-DR
cells (6.2.5). Detection of both a and

P class II glycoproteins in viral particles, while

only a chains were seen in cell extracts, was possibly due to the high concentration of
the viral preparation. It was this factor which allowed visualisation of gp 120 on
virions released from CHO-DR cells. It is interesting to note that while a chains were
synthesised in excess of

P

chains in CHO-DR cells, as can be seen from

irrimunoprecipitation with the DA6.231 and L243 class II antibodies, a and 3 chains
were present in equal amounts on the virion surface. This indicates that the class II
molecules incorporated into virus particles are heterodimers of a and 3 chains, and
possibly in a relatively mature conformation.
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Surface levels of 1-11EV gp120 and class II were examined using flow cytometry
(6.2.6), in parallel with single transfection studies (5.2.6). It was seen that surface
levels of gp 120 on pSRFIS/pFIIVAenvCAT- complemented cells were much higher
than on env-single trarisfectants. On pSRHS-transfected CHO-DR cells, it was shown
that there was a increase in staining intensity of a small population of cells (figure
5.7). On pHI VenvCAT/env-transfected cells however, surface expression of gp120
was much higher, indicated by a more pronounced shift in mean fluorescence intensity
(figure 6.6). This difference was not a reflection of greater env-expression levels in
pHTVAenvCAT-complemented cells, as secreted gp 120 levels were consistent
between single and double transfectants. It is likely that the increased staining
intensity indicated expression of a greater proportion of gp 120 molecules produced by
pSRHS/pHIVAenvCAT-transfected CHO-DR cells on the cell surface. This
observation agrees with those of Egan et al. (Egan et aL, 1996), who show increased
steady-state env glycoprotein surface expression in the presence of the pr55ar
precursor protein, and provides additional evidence that virion assembly in this system
is comparable to other models used to study env expression.
In contrast to gp 120, surface class II levels on CHO-DR cells co-transfected with
pHIVenvCAT and pEV3, or pSRHS followed similar trends to those seen in the
single transfectant study (5.2.6). There was a non-specific increase in class II levels,
which probably arose from the transfection process. This could be tested by
incubation of CHO-DR cells with Lipofectin alone. The fact that this effect was seen
on L243-stained cells indicates that transfection led to a change in the maturational
stale of class II molecules expressed on CHO-DR cells, possibly due to some kind of
activation effect. The trend of DA6.23 1 staining on control and transfected CHO-DR
cells was also similar to that seen on single transfectants. where surface expression of
DA6.23 1-reactive class II molecules increased after transfection with
pSRHS/pH1VtenvCAT. This difference was not as pronounced as that seen on
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pSRHS single transfectants. It is possible that the lower staining intensity reflected a
population of class II molecules removed from the cell by incorporation into virus
particles.
In the single transfectant study, indirect immuno fluorescence staining of pSRHStransfected CHO-DR cells, demonstrated env-specific changes in the intracellular
localisation of class II molecules (5.2.7). These data complemented those obtained
from flow cytometry experiments, which showed increased surface staining in a
population of env-transfected cells. The same observation was made in
pSRHS/pHIVAenvCAT-transfected CHO-DR cells. where expression of env
glycoproteins correlated with altered cellular morphology and increased plasma
membrane staining of class II (62.7). This effect was mediated entirely by env
production, as it was not seen in pEV3 single transfectants (5.2.7), nor was it seen in
pEV3/pFIIVAenvCAT-transfected cells. Significantly, in HIVzenv-transfected cells,
the morphological changes were similar to those observed in env single transfectants.
Expression of pI-IIVAenvCAT in transfected CO-DR cells was confirmed by
staining of the p24 gag structural protein. In conjunction with the Western blotting
data above, detection of p24 expression provided additional evidence that the
pHI VAenvCAT plasmid supported synthesis of viral proteins in CHO-DR cells. In this
experiment, pEV3 and pSRHS single transfectants were included as a control, to
ensure that the bright staining of pHIVenvCAT cells was due specifically to
expression of HIV p24. and not a background effect arising from transfection with
pEV3 or pSRHS alone. Env expression was confirmed by staining with the D7324
antibody. In both cases, while staining was able to identify p24 or gp120 positive
cells, it was impossible to detect the exact intracellular location of these viral proteins.
Class II molecules synthesised by CHO-DR cells transfected with the pHI VzenvCAT
plasmid. and complemented with pEV3 or pSRHS, were examined by metabolic
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labelling and pulse chase analysis (6.2.8). This experiment was similar to those
performed on env single transfectants (5.2.9), and was designed to monitor the effects
of pfflVenvCAT co-expression on env-specific modulation of class II. The
experiments performed in chapter 5 showed that there were no major differences in
class II biosynthesis in the presence of env at the concentrations produced in this
model. This did not correlate with observations in HIV-infected H9 T cells (4.2.2),
where a large increase in class II biosynthesis was observed, therefore it was
necessary to establish that expression of the whole virus did not have any envindependent effects on class II expression. Compared to control cells, there was no
change in the quality or quantity of class II molecules produced by transfected cells in
the presence or absence of env.
In the env single transfection study. class II molecules produced by pSRHStransfected CHO-DR cells showed a slightly higher molecular weight than those in
control cells (5.2.9). It was thought initially that this was due to glycosylation
differences arising from co-expression of env,

however endoglycosidase H

experiments demonstrated that there were no differences in the rate of processing
through the Golgi apparatus (figure 5.12). A similar molecular weight increase was
seen in both pSRHS/pHTVenvCAT-, and pEV3/pI{IVAenvCAT-transfected cells.
which indicates that the effect is not env-specific, but may represent some effect of
transfection on class II expression. This could be verified by transfection with the
pEV3 plasmid alone, or by incubating control cells with Lipofectin, but no DNA. This
experiment provided additional evidence that, even when co-expressed with the whole
virus, the levels of gp160 and gp120 synthesised in this model did not affect early
class H processing events. The data shown here agree with the theory that env
glycoproteins interact with the class II pathway at a later stage in processing.
6.3.4 Summary
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Analysis of RTVenv/env transfection experiments provided additional evidence that
env glycoproteins synthesised in this model had normal conformational and processing
characteristics, even when expressed in association with whole virus. gp 120
molecules produced in COS and CHO-DR cells could be detected in preparations of
viral particles isolated from the culture supernatants of transfected cells. This is an
important factor to take into consideration when interpreting the data showing the
effects of env and WV expression on class II synthesis and processing, and comparing
WV-infected and env-transfected cells.
The data shown here complement the study of env expression in CHO-DR cells, and
the effects of this on class II processing. It was seen that the presence of env
glycoproteins had little effect on the early events in class II biosynthesis, but that later
events such as surface expression were affected (5.3.4). The major difference between
the two studies was detected in surface levels of gp 120 in the presence of the
WVienv provirus, where there was increased expression after co-transfection of
pHhIVAenvCAT and

env.

This did not seem to have a major effect on the env-specific

modulation of class II however.
As proposed in section 5.3.4. the main aim of any further work on the transfection
model must be to increase levels of env expression in transfected CHO-DR cells. An
ideal solution would be to create a stable cell line expressing very low steady-state
levels of env. Env production could then be activated by addition of a transactivator
protein provided in trans. Helseth et al. (Helseth et al., 1990) used a complementation
model consisting of the pWVzenvCAT plasmid in conjunction with various envexpressing plasmids which were driven by the HIV LTR. In pFHVienvCAT
complemented cells. expression of the tat transactivator would drive both env and
pfflVenvCAT expression. Env/LTR single transfectants could be activated by
addition in trans. of a tar-expressing plasmid. This system would have the additional
advantage of co-ordinating expression of the two plasinids, as opposed to the model
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used here, where there is a lag between maximal pHTVAenvCAT and env expression.
Such a system might be suitable for this model, as it was seen that the LTR-driven
pmVenvCAT plasmid was expressed at relatively high levels in CHO-DR cells.
Antibody specificity is also an issue in complementation assays. The acquisition of
highly specific gpl60, gpl20, and gp4l antibodies would open up the possibility of
investigating env localisation within env-transfected. and HIV-infected cells. This
could be investigated using indirect irnmunofluorescence/confocal microscopy, or for
greater resolution immunoelectron microscopy. Such techniques would allow
determination of the exact nature of the interaction between env and the class H
biosynthetic/antigen presentation pathway, and also the role of gp41 in mediating the
intracellular localisation of newly synthesised viral particles. Using plasmids
expressing variant env genes, containing mutations in the gp4 1 cytoplasmic domain
tyrosine-based sorting motifs, would help to evaluate the role played by these motifs
in viral synthesis, and mediation of specific host protein incorporation into virus
particles (7.3). This system could be used to determine the determinants, if any, for
virion incorporation of class II molecules.
One limitation of the pHI VAenvCAT/env model is that the nef gene has been replaced
with the CAT gene. This was not an important factor for investigating the effects of
viral production on class H expression, and it has been shown that substitution of the
nef gene with the bacterial CAT gene did not affect production or release of viral
particles, or infectivity of viral particles released from cells co-transfected with the env
gene (Terwilliger et al., 1989). It might be a significant factor for any similar
experiments on class I however. It has been shown that nef mediates endocytosis of
class I molecules from the surface of infected cells. It has also been proposed that nef
may play a role in class I incorporation into virions (Le Gall et al., 1997).
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A significant observation was that MIHC class II a13 heterodimers were incorporated
into virions released from CHO-DR cells. This was important, as it demonstrated that
host proteins could be incorporated into virions released from CHO-DR cells. This
transfection model could therefore form the basis for a more detailed study into the
determinants for class II, and other host protein, incorporation into virions. Using

env-positive and negative pHIVAenvCAT transfectants, it would be possible to
establish whether env is a key determinant for incorporation of class II molecules into
virions. To determine whether class Ii inclusion is a specific process, it would also be
necessary to investigate native surface markers expressed by CHO-DR cells, and
whether these are also taken up into virions. In a reverse of this study, it would be of
interest to study viral production in class 11-negative CHO cells. From this it would be
possible to determine whether class II expression plays any role in assembly of HIV,
or affects env incorporation into virions.
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CHAPTER 7- GENERAL DISCUSSION
7.1 EFFECT OF HIV ON CLASS II BiosyNThEsis AND SURFACE EXPRESSION
7.2 EFFECT OF ENV TRANSFECTION ON CLASS II EXPRESSION
7.3 PROPOSED MECHANISM FOR ENV-CLASS II INTERACTION
7.4 FUTURE STUDIES
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7.1 EFFECT OF HIV ON CLASS H BIOSYNTHESIS AND SURFACE EXPRESSION
The aim of this project was to investigate the effects of HIV infection on class II
biosynthesis and processing, in a variety of cell types. Class II expression was chosen
for this study, as there is a significant decline in class IT-restricted immune responses
during HTV infection. It has been shown that interference with the class II antigen
presentation pathway is a common strategy employed by viruses to allow them to
avoid immune detection (1.1.4). It was necessary at the outset to establish the
infectability of the cells selected for study, and to optimise the experimental
conditions for each cell type. It was shown that the CD4+ Priess B cell, and H9 T cell
lines were infectable with, and could support productive replication of laboratory
strains of HIV (3.2.1-5). The effects of HIV infection on class II expression by nonprofessional (H9) and professional APC (Priess, M) were then compared, and it was
seen that HIV has different effects on class II biosynthesis and surface expression,
depending on the cell type under investigation.
In the professional and non-professional APC types, surface class II expression was
examined using flow cytometry, whilst pulse chase analyses were used to investigate
levels of class II biosynthesis in all cell types. Examination of H9 T cells (3.2.6; 4.2.2;
4.2.4), indicated that HIV infection had two broad effects on class II. It was observed
that there was an increase in the surface expression of class II molecules on infected
H9 cells (3.2.6). Biochemical analysis demonstrated that this resulted, at least in part,
from higher levels of class II gene expression in infected cells (4.2.2). Increased class
II expression may have been due to IFN-y production, induced by HIV infection
(4.3.1). The flow cytometry data also demonstrated that there was a significant
increase in the proportion of mature, peptide-bound class II molecules expressed on
the surface of infected H9 cells.
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There are a number of possible mechanisms by which HTV might upregulate surface
expression of mature class H molecules in H9 T cells. The first is that REV infection
leads to an increase in the concentration of antigenic proteins in endosomal
compartments available for processing and binding to class H. It was shown that H9
cells supported high levels of HIV-specific protein synthesis (3.2.2-4). These viral
proteins might be targeted to endosomal compartments directly during assembly (7.3),
or by endocytosis from the cell surface (Lanzavecchia et al., 1988). This could be
tested by examining the range of class IT-restricted peptides presented by infected
cells to measure the proportion derived from HIV. Alternatively an HTV gene product
might have a chaperone effect on immature class II

c4 heterodimers, stabilising them

long enough to allow peptide binding. This would not necessarily lead to increased
presentation of REV-specific epitopes.
Increased surface expression of conformationally mature class II molecules on CD4+
T cells could have a variety of effects on FIIV infection and progression to AIDS. One
implication is that higher numbers of peptide-bound class II molecules on MVinfected I cells could compete with professional APC for T cell receptor (TCR) sites
on responding CD4+ T cells. It is thought that the early loss of secondary recall
antigen responses is due to induction of anergy in CD4+ responder T cell populations,
as the decrease in T cell function cannot be explained by the direct cytolytic effects of
infection on CD4+ I cells, or a decrease in actual cell numbers. CD4+ I cell anergy
generally occurs when primary antigen presentation events, such as M1HC class
II/TCR binding, are not accompanied by a secondary activation signal for example
B7/CD28 binding. This state is often induced after class 11-restricted peptide
presentation to CD4+ T cells by non-professional APC, such as T cells (LaSalle and
Hafler, 1994; Satyaraj et al., 1994: Sidhu et al., 1992). It is also possible that anergic
T cells resulting from T-T interactions themselves affect immune responses. Lombardi
et al. proposed that anergic T cells may passively suppress the immune response, by
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competing with unaffected responder T cells for class II molecules on professional
APC (Lombardi et at., 1994). This would accentuate the decline in immune
responsiveness. It is important to establish the nature of the peptides presented by
CD4± T cells, as preferential presentation of HIV-derived peptides could lead to
specific tolerance induction to HIV, allowing escape of the virus from immune
control.
In addition to anergy induction, increased presentation of antigenic peptides by HTVinfected CD4+ T cells may have a secondary effect on development of CD4± T helper
(TH) responses. Generation of specific class 11-restricted antigenic peptides is

dependent on the repertoire of proteolytic enzymes presenting in the endosomal
processing compartments (1.1.3.3). Differences in the nature of these enzymes
between APC and T cells might lead to the generation of a slightly different range of
peptide epitopes. It is possible that class 11-peptide complexes formed by T cells have
a different binding affinity for the TCR on responder T cells, leading to the creation of
altered peptide ligands. It has been reported that generation of TH 1- or TH2-type
responses can be influenced by changes in the nature of the class 11-peptide complex
(Pfeiffer et al., 1995). Priming of CD4+ T cells by lower affinity class 11-peptide
complexes may induce responder I cells to develop a 11-12-like phenotype.
Subsequent activation of these cells by conformationally correct peptides presented
on the surface of APC could then induce production of TH2-type cytokines, such as
11-4. T-T class 11-restricted antigen presentation events could therefore provide a
mechanism for the proposed switch from a protective, TH 1-driven cell mediated
immune response, to a non-protective Tu2-driven humoral immune response
(1.2.4.1).
Investigation of Pness and M indicated that MV has very different effects on class II
expression by professional, compared to non-professional APC. In contrast to H9 1
cells, where class 11 biosynthesis was upregulated early in infection, this effect was not
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seen until much later in Priess cells and M (4.2.1; 4.2.3). The major difference
between the two cell types however, was that increased class H gene expression did
not lead to a corresponding increase in surface class II levels (3.2.6). One possible
explanation for the disparity between biosynthesis and surface expression in these
cells, is that high levels of viral replication and assembly within APC may lead to
disruption of the normal class II processing pathway, inhibiting intracellular transport
of mature, peptide-bound class II molecules. In experiments designed to look at preand post-Golgi processing of newly synthesised class H molecules, it was
demonstrated that any effect arising from HIV infection occurred at a post-Golgi
stage of the processing pathway (4.2.4). It has been shown that in late stage HIVinfected M, virus particles bud into, and accumulate in the class I1-processing
compartments (M. Moore, personal communication). High levels of virus in the
MIIICs may interfere with the normal process of class II export from these
compartments (1.1.3.4). Peptide loading of newly synthesised class II molecules did
not appear to be affected however, as ab heterodimers isolated from Priess cells were
SDS stable throughout infection (4.2.5).
In addition to direct interference by HIV, it is also possible that the inability of APC
to upregulate surface class II expression may also be due, in part, to incorporation of
class II into virions released from infected cells. This could be an important factor in
HIV-induced immunopathology, as it would divert class II molecules away from a
beneficial antigen presentation function on the surface of APC. Instead, mature class
H molecules present on the surface of circulating virions could contribute to
cytopathicity, possibly enhancing anti-class II autoimmunity, or HIV infectivity.
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7.2 EFFECT OF ENVTRANSFECTION ON CLASS H EXPRESSION

From the data discussed above, it is clear that fflV infection of cell lines has variable
effects on class II expression, depending on the cell type under investigation. In order
to begin to understand the effects of individual viral proteins in mediating changes in
class II expression during HIV infection, a transient transfection model was
developed, based around expression of the 1-1EV env gene. Env was chosen as the
starting point for this investigation, as there is evidence to suggest that it interacts
with the class II processing pathway during biosynthesis (1.2.3.2; 5.3.1). The
transfection model was modified to allow expression of the env gene, both singly, and
in association with an HJVAenv provirus. This model was then used to investigate the
effects of env expression on class II processing in CHO cells transfected with the
human class 11 DR genes (CHO-DR cells). These cells lack invariant chain and have
an inefficient class H biosynthetic pathway. This property made CHO-DR cells an
ideal tool for investigating modulation by HIV of class II assembly, by magnifying the
effects of individual viral proteins. In this study, the CHO-DR cell line was therefore
used to loosely mimic non-professional APC.
To try to define more clearly how HIV modulates class II expression in nonprofessional APC, data obtained from env-transfected CHO-DR cells were compared
with the effects of HIV infection observed in H9 cells. It was seen that

env

transfection led to the upregulation of class II molecules expressed on the surface of
CHO-DR cells (5.2.6). The fact that this effect did not change upon co-transfection
with the HTVenv provirus (6.2.6), indicated that no other virus associated proteins
increased, or otherwise affected env modulation of class II. This in turn supported the
theory that the env glycoproteins play a major role in mediating possible HIV-class 11
interactions in infected cells.
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Although the increase in surface expression on CHO-DR cells initially appeared to
correlate with that seen on HIV-infected H9 cells, a number of key differences were
observed between the two systems. The first is that there was no increase in class II
biosynthesis (5.2.9; 6.2.8), as was seen in H9 cells (4.2.2). This observation would
tend to support the hypothesis that increased class II gene expression in HIV-infected
T cells might be an indirect effect due to WN-y induction (4.3.1). It was seen that
incubating CHO-DR cells with recombinant IIFN-'y had no effect on class II gene
expression (data not shown), which may reflect differences in the class II promoters
between the two systems. In H9 cells, gene expression is regulated by the class II
promoter. The activity of this is regulated by the IFN-y-responsive class II
transactivator (1.1.3.2). In contrast, in CHO-DR cells, class II gene expression is
dependent on plasmid expression.
When comparing the infection and transfection systems, it is important to note that,
unlike H9 T cells, CHO-DR cells constitutively synthesise large quantities of class II.
In contrast, these cells do not effectively process class II, due to the lack of invariant
chain, providing a mechanism of looking at the effects of HIV on class II assembly.
For this reason, the phenotype of class II molecules expressed at the cell surface was
examined in each cell type. It was seen that there was a difference in the nature of the
class II molecules expressed on the surface of H9 and CHO-DR cells. On H9 cells
there was a large increase in conformationally mature class H molecules as a result of
HIV infection (3.2.6). In contrast, CHO-DR cells displayed an increase in the
relatively immature population of class II molecules (5.2.6). This would initially tend
to suggest that in HIV-infected cells, there may not be an increase in presentation of
MV-specific peptides. An important factor for consideration however, is that CHODR cells do not express the class II accessory proteins DM or Ii, and that class II
molecules synthesised by these cells are not normally localised to discrete intracellular
compartments (5.1). This would be expected to limit the peptide binding potential of
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newly synthesised a3 dimers, even in the presence of increased concentrations of
antigenic peptides. It would be interesting to test the effect of co-transfecting DM
and/or Ii into CHO-DR cells, then examining the effect of env-transfection on surface
class II populations, to see whether there was an increase in expression of mature c4
dimers.
The use of CHO-DR cells in the transfection study made it possible to eliminate the
indirect action of HIV on class II gene expression as a result of possible JFN-y
induction. This was due to the fact that the class II promoter in these cells is not
inducible by IFN-y. Because of this, it was possible to demonstrate a direct
downstream effect of HIV on the class II processing pathway which was obscured in
H9 cells. In addition, the FHVenv co-transfection experiments demonstrated that
upregulation of class II surface expression on CHO-DR cells was mediated by the
envelope glycoprotein, as data obtained from

HTVAenv/env

co-transfection

experiments (6.2.6) correlated with those from single transfection studies (5.2.6). It is
possible that env associates with class II at a post-Golgi stage in the processing
pathway, leading to increased transport of class II to the cell surface. In common with
experiments on HIV-infected Priess and H9 cells (4.2.4), env transfection of CHODR cells did not have any effect on the rate at which newly synthesised class H
molecules were processed by the Golgi (5.2.9). The effect of env expression may be
to increase the proportion of intracellular class II molecules which are exported to the
cell surface, or increase the rate of transport. Although the exact mechanism was not
shown in this study, this question could be resolved by metabolic labelling and surface
biotinylation experiments, to investigate the rate of appearance of class II at the cell
surface.
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7.3 PROPOSED MECHANISM FOR ENV-CLASS 11 INTERACTION

From the data obtained in this project, and in previous studies regarding intracellular
sorting of HIV envelope glycoproteins, it is possible to suggest a mechanism by which
HIV interacts with the class II biosynthetic pathway. Post-translational processing of
env glycoproteins is relatively rapid, with Golgi processing and cleavage to the gp 120
and gp4l subunits observed at 20-30 minutes after synthesis. There is then a lag of
between 2 and 4 hours, before expression of env on the cell surface (Earl ci al., 1991;
Willey ci al., 1988). Class H-restricted antigen presentation studies indicated that
mature gp 120 and gp4 1 glycoproteins my be delayed in some kind of endosomal
compartment en route to the cell surface (Polydefkis et al., 1990; Rowell ci al.,
1995a).
Intracellular localisation of env may be mediated by two tyrosine-based sorting motifs,
GYSPL (Y712 of HIV-1 HXB2 env) and YHRL (Y768 of HXB2 env), contained
within the cytoplasmic tail of the gp4I domain of env (Rowell ci al., 1995a). The
sequences of these motifs correspond to known intracellular sorting signals.
Intracellular sorting occurs by recognition of different tyrosine-based motifs by
adaptor complexes (AP-1, -2, and -3), situated within the cell. Motifs specific to AP-1
are targeted to lysosomes, whilst those that bind to AP-2 are localised to the plasma
membrane (reviewed by (Marks ci al., 1997)). The Y768 motif appears to be of this
type. Recently, a third adaptor protein complex, AP-3 was described, which is
thought to mediate sorting to endosomal compartments (Dell'Angelica ci al., 1997;
Simpson et al., 1996). The Y712 motif, with a glycine residue at position -1,
resembles the sequence predicted to bind to AP-3 (Bomfacino ci al., 1997).
Examination of the surface expression of envelope glycoproteins containing mutations
in either of these sorting motifs has shown that Y712 may cause routing of newly
synthesised env to intracellular compartments. Removing the Y768 motif had no
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effect on the rate of transport to the cell surface, however, in the absence of Y712,
env proteins were transported to the cell surface much more rapidly, and were
endocytosed at a much slower rate (Rowell et al., 1995a). The kinetics of env surface
expression in HIV-infected cells, or in env-positive cells co-transfected with the
pr559 precursor have been shown to be similar to those of the Y712 mutant
glycoprotein, in that env is expressed at higher levels at the cell surface (Egan et al.,
1996). These observations correlate with the data obtained in this study, where gpl2O
env glycoproteins were expressed at much higher levels on the surface of
env/HIVenv-transfected cells (6.2.6) than on cells expressing the env gene alone
(5.2.6).

In HI V-infected cells, it is therefore possible that newly synthesised env glycoproteins
are routed from the TGN to endosomes by the Y712 motif, where they are retained.
Assembly of new HIV particles, and incorporation of env, is driven by the pr55a
precursor protein, and interaction of pr559ag with env may block the dominant Y712
motif Intracellular sorting of env, and the nascent virion, would then be mediated by
the Y768 signal, leading to transport to the plasma membrane.
In the class II biosynthetic pathway, Ii and DM accessory proteins are localised to
different endosomal compartments (1. 1.3.4), determined by alternate intracellular
sorting signals (Pieters, 1997). Endosomai sorting of class 11-invariant chain
complexes is mediated by dileucine based signals present on Ii. These complexes are
transported to early class 11-containing compartments (MIIC), thought to be the site
of Ii proteolytic processing (Kleijmeer et al., 1997). In contrast, DM is routed to
compartments at a later stage of the endocytic pathway, by tyrosine based sorting
signals present on the DM 0 chain (1.1. 3).X). It is thought that DM-positive
compartments represent the site of peptide loading, as they contain a much higher
proportion of mature, peptide-bound class II molecules. It is therefore possible that
the tyrosine-based sorting signal present on env mediates localisation to a late, DM+,

MIIC-like compartment. The effect of this may be to enhance incorporation of mature
class II molecules into the virion envelope. It has been reported that class II molecules
incorporated into virions released from H9 cells are competent to present antigen
(Arthur et aL, 1992). This may have implications for tolerance induction by virions. In
addition, it is possible that class H molecules incorporated into virions may enhance
infectivity, by increasing binding affinity to CD4± target cells.

7.4

FUTURE STUDIES

The main aim of this project was to identify ways in which class II biosynthesis and
expression are altered after infection of cells with I-IIV, and to suggest how any
changes might be brought about. By using cell lines infected in vitro with HIV, it has
been possible to show that infection has different effects on class II expression by
professional and non-professional APC, which has implications for immune function
during infection. Preliminary indications as to the mechanism by which HIV causes
differential effects on class II expression by these cell lines were given in the
transfection model. By using either the HIV em' gene in isolation, or combined with
an HIVenv provirus it was demonstrated that, in a non-professional APC-mimicking
cell line - CHO cells transfected with the human DR gene, the effects of I-IJV on class
111 localisation may be mediated by the HIV envelope glycoprotein. From the data
obtained here, it has also been possible to suggest mechanisms by which the changes
in class II processing in infected cells might lead to the widespread decline in class IIrestricted immune responses which is a characteristic of HIV disease.
To examine in more detail the effects of HIV infection on professional and nonprofessional APC, studies on HIV-infected B and T cell lines and primary M4 could
be extended to include primary CD4+ T cell cultures, derived from buff' coats and
stimulated with PHA. These could be infected with primary HIV isolates to create a
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more realistic infection model, moving away from artificial cell lines and towards
more natural cell types. It would be of interest to investigate infection of T cells with
different HIV strains to compare the effects of non-syncytium inducing (NSI) and SI
variants (1.2.1.4) on class II expression in CD4+ PHA blasts. This might establish
whether class H modulation plays a role in the greater cytopathicity of SI variants, the
appearance of which is postulated to be a factor in progression of HIV disease to
AIDS (Tersmette et aL, 1988; Tersmette et al., 1989).
At present, the exact nature of the interaction between HIV and class II is not known.
To help clarify this point, it would be of interest to identify the exact site at which
newly synthesised envelope glycoproteins and/or virions enter the class II processing
pathway. To achieve this, it would be necessary to examine virus particles released
from HIV-infected and -transfected cells more closely. Viral particles released from
each of the various cell types could be concentrated, and the presence of class II
compared. The nature of incorporated class II molecules could also be identified.
Incorporation of mature class II would suggest the involvement of later class II
compartments, whilst the presence of immature heterodimers would implicate earlier
IC. Characteristics of these class II molecules could also be compared between
professional and non-professional APC, which would provide additional information
as to the different effects of HTV infection on class II processing by these cells. It may
also be of interest to test for the presence of DM in virions. Incorporation of DM
would tend to support a role for the later class II compartments in the assembly of
virions, as this molecule is not expressed on the cell surface. The absence of DM
might not necessarily rule this out however, as incorporation of host proteins into the
virus envelope has been shown to be a selective process (Arthur et al., 1992).
Another key factor would be to investigate the determinants of MV which mediate
incorporation of class H into newly assembled virions. Transfection of FIIV in the
presence or absence of env would establish whether this process was dependent on
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the envelope glycoprotein. If this was found to be the case, the next question to
answer would be which determinants within env mediate targeting of MV to the
endocytic pathway, and interaction with newly synthesised class II molecules. To do
this, the transient transfection model developed in this study could be modified to
allow expression of various env genes, containing mutations in the putative tyrosinebased intracellular sorting signals. The role of the gag proteins in mediating
intracellular localisation of envelope proteins could also be investigated, by cotransfecting cells with gag and various env genes.
In summary, this study has described the effects of HIV infection on class II
expression in cell lines. Experimental models have been established to dissect the
mechanisms by which class II and HIV gene products may interact with each other.
Given the recent rapid advances in both the cell biology of class II expression and the
understanding of cellular tropisms of primary REV isolates, these models could
usefully be extended to further analyse the effects of infection on antigen
presentation-mediated immune dysfunction in AIDS, and the relevance of this to
disease progression.
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