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INTRODUCT:LON. 

Writers on malignant tumours of the eye, 

when dealing with carcinomata, generally describe 

them as secondary growths, while malignant tumours 

of primary origin if pigmented have usually been 

described as sarcomatous, and if non -pigmented as 

leuco- sarcomatous growths. 

In his monograph on Melanomata (1925) 

Dawson sought to establish that melanomata are 

epithelial in origin. He suggested therefore that 

wherever they occur primary melanomata are 

carcinomata. 

The object of my research was to find 

the nature and origin of the pigmented cells of the 

uveal tract and to discover evidence for or against 

the above-mentioned theory. 



GENF, AL HISTOLOGICAL STRUCTURE 

OF 

THE UVEAL TRACT AND THE RET INA . 



GENERAL HISTOLOGICAL STRUCTURE 

OF 

THE UVEAL TRACT AND THE RETINA. 

The Iris. 

The Iris springs from the base of the Ciliary 

body near the middle, and not from the outer angle. 

The ciliary body is shaped roughly like an isosceles 

triangle with the apex directed backwards. 

The iris is made up of vessels, nerves and 

unstriped muscles, bound together by a very loose 

cellular tissue, the stroma. The vessels run 

radially with the exception of the circular 

arteriosus iridis minor, which is situated a short 

distance from the pupillary edge. The major 

arterial circle in man lies in the ciliary body, at 

the root of the iris. The vessels have a thin 

muscular coat and a very thick adventitia. 

The Stroma. The anterior surface is irregular and 

is covered by endothelium (the interior limiting 

layer). Fuchs describes a layer of cells which 

forms an anterior limiting membrane and over this a 

layer of endothelium. There are breaks in the 

continuity of the endothelium leading down into 

irregular spaces or crypts in the stroma, which thus 

communicates directly with the anterior chamber. 



The largest are situated over the circular minor. 

They are not lined with endothelium. But fibres 

covered with endothelium often span the mouth. 

The posterior limiting layer of the stroma consists 

of a fine fibrillary membrane - Bruch's membrane 

;probably representing the lamina vitrea of the 

choroid, but much less conspicuous. 

The stroma consists of a small amount of fine 

fibrous tissue, with branching spindle- and star - 

shaped cells, with long interlocking processes; 

most of them contain pigment granules, brown in 

colour, varying in amount according to the colour 

of the iris and absent in albinos. The structure 

of the stroma is denser immediately below the 

anterior endothelium (anterior limiting layer) and 

very cellular, with little or no fibrous tissue. 

The cells here are often deeply pigmented and Baas 

found groups of pigment cells between the endothelium 

and the stroma. Thus there are two types of cells, 

(1) stroma cells and (2) pigment -forming cells, 

melanoblasts: probably the cells described by Baas. 

Parsons finds that, in the position of the pigment 

¡cells between the endothelium and the stroma des- 

cribed by Baas, congenital pigmented spots or naevi 

are not uncommon. 

The posterior surface of the iris is covered by 

a double layer of retinal epithelium; (pars 
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retinalis iridis, pars iridica retinae). This is 

deeply pigmented except in albinos, and the shape 

of the cells can only be made out in bleached. 

sections. The pigment granules are dark brown, 

mostly round; but some are rod shaped, like the 

retinal pigment, in lower mammals. The cells are 

,cubical or polygonal, and large in the posterior 

and superficial layer, and flat and spindle- shaped 

in the anterior layer, The posterior surface 

often appears crenated, in which case the cells 

look wedge-shaped, with their apices pointing 

forward. At the pupillary eage the layers fuse, 

and this represents the mouth of the secondary 

optic vesicle. 

Muscles. The sphincter iridis is a flat band of 

unstriped muscle 1 mm broad, which encircles the 

pupillary edge. It is inserted by oblique 

offshoots into the posterior wall of the iris, so 

that the posterior pigment layer is often seen to 

be drawn into a fold. The dilator pupillae. 

The posterior part of the stroma of the iris is 

covered by the dilator pupillae and the pigment 

epithelium. The dilator is composed of two 

layers :- 

(1) An anterior layer consisting chiefly of 

finely striated substance destitute of pigment and 



nuclei, lying in the position of Bruch's membrane, 

(posterior limiting membrane). 

(2) A posterior layer consisting of nucleated 

pigmented spindle cells (anterior pigment layer). 

Regarding the origin of the sphincter and dilator 

pupillae, Von Szily after investigations concludes 

that both are developed from retinal epiblast. 

The former arises at the commencement of the fourth 

month from the epithelial cells at the junction of 

the two layers of the secondary optic vesicle. 

The latter is formed by the transformation of the 

anterior layer of epithelium in the seventh month. 

Parsons writes that it would seem a priori to be 

(improbable that epiblastic cells should develop 

into muscle fibres; but the phenomenon would not 

be unique, since the arectores pilorum of the skin 

are epiblastic in origin. Piichs also believes 

that the sphincter is ectodermic in origin, and that 

the dilator consists of ectodermic muscle cells 

originating from the outer layer of the optic cup. 

Each cell in its inner part, preserves its epithe- 

lial character with its original pigmentation; 

while the outer portion of each cell, which is that 

directed towards the iris stroma, consists of a 

smooth contractile substance. 



The Ciliary Body. 

The ciliary body consists of two parts; the 

anterior folded part, corona ciliaris, carrying the 

seventy to eighty niliary processes, and the 

posterior smooth part, orbicularis ciliaris. In 

meridional section it resembles an isosceles 

;triangle with the apex directed backwards: here it 

is continuous with the choroid. As we have already 

noted, the iris springs from near the middle of the 

base. The ciliary body is composed chiefly of 

the ciliary muscle, together with vessels and 

nerves bound together by connective tissue. 

The vessels are numerous, the ciliary processes 

consisting entirely of them; like the renal 

glomeruli. Most of them lie between the ciliary 

muscle and the pars ciliaris retinae. 

The stroma. The connective tissue stroma is 

fibrillar, becoming coarser and more hyaline in old 

age, and the meshes of the network contain 

numerous branched cells many of which are pigmented. 

There are many elastic fibres throughout, but they 

are gathered together at the outer part of the base 

into circular and oblique bundles which form a ring 

and are continuous with those of the ligamentwn 

pectinatimi On the inner side, the elastic fibres 

;join an elastic lamina which lies between the ciliary 

IC 



muscle and the chief bundles of vessels, and which 

passes backwards to join the lamina vitrea of the 

choroid. 

This elastic lamina consists of two portions, 

an outer elastic lamina just described and an inner 

hyaline non-elastic membrane, which lies immediately 

beneath the retinal epithelium and which is called 

by Salzmann the outer hyaline membrane of the 

ciliary body. Salzmann also describes an inner 

hyaline membrane lying upon the retinal epithelium, 

continuous posteriorly with the hyaline membrane of 

the vitreous body. The fibres of the zonule of Zinn 

arise from this inner hyaline membrane (Salzmann). 

There is a network of elastic fibres among the vessels 

between the elastic lamina and the outer hyaline 

membrane. 

The ciliary muscle consists of two parts, the 

outer meridional, Brücke's muscle, and the inner 

circular, Muller's muscle. Both are made up of 

unstriped fibres, and are variously developed in 

different eyes - Brücke's mostly in myopic, and 

Mailer's in hypermetropic eyes. 

Brûcke's muscle arises from the sclerotic, 

internal and posterior to Schlemm's canal, and is 

gradually lost posteriorly in the external layers 

of the choroid; hence the term tensor choroidea 

( Brücke). 

If 



The pars ciliaris retinae, covering the inner 

surface of the ciliary body, consists of two layers 

of the epithelium, corresponding with the two layers 

of the secondary optic vesicle. The outer layer 

is pigmented, the cells being higher than those 

covering the choroid except at the tips of the 

ciliary processes. The inner layer is non - pigmented, 

the cells being cubical or cylindrical. The epi- 

thelium lies upon the outer hyaline membrane, which 

has irregular thickenings upon its inner surface 

forming a sort of reticulum, which has large meshes 

in the posterior part of the orbicul ?us and smaller 

meshes near the corona. The meshes are filled in 

with pigment epithelium, and when this is bleached, 

the depressions resemble glands; they pass down to 

the elastic lamina, seldom below it. 

These according to Treacher Collins are the glands 

of the ciliary body. 

The Choroid. 

The choroid, which lies at the back, is bounded 

on the outer side by the lamina fusca of the 

sclerotic, and on the inner side by the pigment 

epithelium of the retina. It consists of five 

principal layers as follows, from without in :- 
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(1) the supra- choroidea (2) Haller's layer 

or layer of large veins, (3) Sattler's layer or 

the layer of medium -sized vessels, (4) the chorio- 

capillaris or layer of capillaries, (5) the 

lamina vitrea or membrane of Brach. 

The lamina supra -.choroidea, Parsons states, 

is composed of thin membranes pervaded by fine 

elastic fibres and covered by endothelial cells. 

It also contains large flattened pigment cells 

dispersed irregularly or arranged in patches. 

Wandering cells are also present. The layer is 

loosely attached to the lamina fusca by vessels 

and bands of connective tissue containing pigment 

cells, which are often continued along the vessels 

as they pierce the sclerotic. There is a lymph 

space, the supra-choroidal lymph space, between the 

supra -choroid and the sclerotic, and this communi- 

cates along the vessels and nerves with the capsule 

of Tenon (Schwalbe). 

Haller's layer, consists chiefly of large veins 

which lie very close to each other and anastomose 

freely. They are held together by a connective 

tissue network and with elastic fibres. The small 

inter -vascular spaces are richly supplied with 

branching pigmented cells. 

Parsons describes an intermediate layer between 

Haller's and Sattler's layers. This represents 
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the tapetum of lower animals. It consists chiefly 

of elastic fibres, thus most closely resembling 

the tapetum fibrosum, though in quite rudimentary 

form. On the inner side it is covered with 

endothelial cells, thus recalling also the tapetum 

cellulosum of some mammals and fishes. 

Sattler's layer is a layer of medium sized 

vessels which lie in a fine elastic network with 

few pigment cells. The veins, like those of the 

pia mater, have no muscular tissue; they are 

enclosed in an adventitia, which is separated from 

the endothelium internum byua perivascular lymph 

space, communicating directly with the intercapillary 

spaces of the choroid capillaries. The arteries 

have a tunica media composed of circular muscle 

fibres, and there are longitudinal fibres in the 

tunica adventitia. They also have perivascular 

lymph spaces. These are said not to communicate 

with those present between the planes of the 

supporting connective tissue. 

The chorio- capillaris consists almost exclusively 

of capillaries which, although having a wide lumen, 

are so closely packed together as to make the inter - 

spaces narrower than the capillaries themselves. 

The chorio- capillaris does not extend forward into 

the ciliary body. There are no pigmented cells 

in this layer, as interspaces are too small to 

contain them. 



The membrane of Bruch. In 1833 Thomas Wharton Jones, 

in his account of the pigment= nigrum of the eye, 

carefully describes the pigmented membrane on the 

posterior surface of the iris and ciliary processes 

and on the inner surface of the choroid. He 

remarks that although the membrane differs in these 

different places, yet it forms a continuous whole. 

It is the seat of the pigment but not the pigment 

itself. He describes hexagonal plates (cells) 

containing numerous black particles of pigment. 

In 1844 Bruch describes how, when a piece of 

the pigment layer is stripped from the choroid, 

numberless granules are found which lie under the 

pigment layer, between that and the choroid. While 

dissecting a pig's eye, it struck him that these 

granules lay in groups and must have some slight 

medium of connection, since, when he floated them 

in liquid (water or acetic acid), they did not 

separate but lay together in flat formation. By 

closer observation and a lowered light he was then 

able to make out that many of them lay upon a 

delicate glass-like structureless membrane, which 

became still more visible when acetic acid was 

applied and which then revealed light creases, 

giving it in some places a thread -like appearance. 

He proved that threads were not actually present by 

further colouration with iodine. 
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In 1847 three years later Ernest Brùcke 

described the same membrane as a very thin layer of 

structureless tissue, on the inside of which lies 

a single layer of hexagonal cells with nuclei, 

generally filled with brown granular pigment. 

In 1857 Hulke stated that the choroidal 

hexagonal epithelial layer, which was first 

specially described by Wharton Jones, rests upon 

a delicate membrane of great tenacity. When seen 

in profile this membrane presents a very sharp 

distinct edge. In the absence of all traces of 

structure and in its chemical reaction, it resembles 

the elastic lamina of the cornea and the capsule 

of the lens. It intervenes directly between the 

epithelium and the chorio- capillaris. 

In 1860 Källicker agreed with Hulke's findings 

and described Bruch's membrane as a delicate mem- 

brane, without structure (or finely fibrous) which 

is .0006" thick; he calls it the elastic lamella 

of the choroid. He thought it was formed by the 

condensation of the connective stroma of other 

layers. 

Parsons in 1901 correlates the findings of 

these various observers. He says that the membrane 

of Bruch, which seems homogeneous when stained with 

eosin, can be resolved into two layers by special 

staining. It seems highly probable that the 

difference represents a difference in origin. The 
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'fine elastic fibres of the outer layer are in all 

respects similar to the elastic fibres found in 

the neighbouring choroid, and must therefore be 

looked upon as contributed by the choroid, since it 

is difficult to believe that definite elastic fibres 

could be laid down by the epiblastic epithelium. 

The inner homogeneous layer, on the other hand, has 

all the appearance of a cuticular product laid down 

by the epithelium, in the same manner as the lens 

capsule is laid down by its epithelium. The prob- 

ability is therefore strong that it has been con- 

tributed by the pigment epithelium. Treacher 

Collins believes it is probably the product of 

secretion of the retinal pigment epithelium. 

It may be said that only the inner homogeneous 

epithelial layer ought to be reckoned as the mem- 

brane of Bruch, but the present point is that the 

membrane of Bruch, as seen in sections stained in 

the usual way, includes both layers. The membrane 

is thickest near the optic disc, especially the 

elastic layer, which often curves round the end of 

the inner layer. 

Anterior and Posterior Chambers. 

The Anterior Chamber is 2.5 or 3 mm deep on average, 

gradually growing narrower towards the periphery. 

The most peripheral portion of the chamber is 

called the angle or sinus. It is bounded in front 
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by the cornea and behind by the iris, except in the 

pupillary area where it is limited by the lens, 

and the bottom of the peripheral portion or angle 

is formed by the anterior surface of the ciliary 

body. Hence at this spot new growths may enter the 

chamber by this route without being obliged to make 

their way through the pupil or iris. 

In front and exteriorly the anterior chamber is 

lined by a peculiar tissue which is called the 

ligamentum pectinatum iridis, or the trabecular 

structure of the sinus. The ligamentum pectinatum 

consists of trabeculae of fibrous tissue made up 

of bundles of fine fibrillae. Descemet's membrane 

splits up at the periphery into fibres which pass 

into the trabeculae. The trabeculae are covered 

by endothelial cells with large oval or round 

(nuclei; these are continuous with those of 

Descemet's membrane and with those covering the 

iris. 

Schlemm's Canal. Parsons states that this canal is 

really a venous plexus surrounding the angle of the 

anterior chamber and lying in the inner part of the 

extreme anterior part of the sclerotic. 

Püchs describes Schlemm.'s canal as an annular 

canal which in places is divided into several 

separate passages. It separates the cornea and 

sclera. Accordingly the most anterior zone of the 

sciera belongs to the region of the anterior 
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chamber. It is not in direct communication with 

the spaces in the ligamentum pectinatum but with 

the anterior ciliary veins. Hence Leber calls it 

the sinus venosus sclerae, but under normal condi- 

tions it does not contain blood but is only aqueous. 

It is lined by endothelium lying on a fine fibrous 

basis, which separates it from the endothelium of 

the spaces in the ligamentum pectinatum, (spaces of 

Fontana). Parsons describes a thin membrane 

between the canal of Schlemm and the anterior 

chamber, a fact which has also been demonstrated by 

filtration experiments. The trabeculae often have 

pigment- cells, especially in old people, usually 

most in the posterior part. 

The posterior chamber is made by the iris, bridge - 

wise over the ciliary processes and peripheral 

portions of the lens. Fuchs describes it as an 

annular space triangular in cross section and growing 

deeper towards the periphery. It is bounded in 

front by the iris, peripherally by the ciliary 

processes, behind by the fibres of the zonula and 

by the lens. The two chambers, the anterior and 

the posterior, communicate only by means of the 

(pupil. In communication also with the posterior 

chamber are the spaces in the free portion of the 

zonula, which are known as Petit's canal, and also 

the very narrow spaces which extend along the 

zonale between the inner surface of the ciliary 
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body and the vitreous as far as the orbicularis 

ciliaris. 

The Retina. 

The retina is a delicate membrane composed of 

two kinds of tissue, the nervous and the sustentacu- 

lar or neuroglia tissues. The neuroglia tissue 

holds the delicate nervous tissue in place and 

helps to insulate each separate nerve element. 

Further, this neuroglia tissue forms internally 

a sheet -like expansion which separates the retina 

from the vitreous. 

Microscopically, the retina is found to consist 

of eight distinct layers as follows, from without 

in - (1) pigment epithelium, (2) the layer of 

rods and cones, (3) outer nuclear layer, 

(4) outer reticular layer, (5) inner nuclear 

layer, (6) inner reticular layer, (7) ganglion 

cell layer, (8) nerve fibre layer. 

The pigment epithelium consists of low cubical, 

polygonal, but usually hexagonal, cells with round 

nuclei. They vary in size. They are smallest and 

most regular at the posterior pole. In front of the 

lequator they are often large and multi- nuclear, 

especially near the ora serrata. They are smooth 

externally where they rest against the choroid, but 

internally they show fine filamentous processes 

which extend between the rods. The pigment 



granules which usually mask the nucleus are short 

rods, probably crystals like the pigment granules 

found in the retinal pigment cells of the ciliary 

body and the iris. Parsons says they are thus 

distinguished from the amorphous granules of stroma 

pigment. 

The layer of rods and cones consists of neuro- 

epithelial cells, having an outer and an inner 

segment. They vary in form and distribution in 

different parts of the retina. They lie upon a 

basement membrane, the external limiting membrane 

of the retina, which separates them from the next 

layer. Verhoeff, (Parsons tells us),using Malloz's 

phosphotungstic acid haematoxylin, claims to have 

traced this membrane at the disc into a fenestrated 

membrane in the pigment epithelium. The epithelial 

cells project through the holes in the membrane. 

The whole of this membrane would thus represent 

morphologically the basement membrane of the central 

neural canal, the rods and cones being ependymal 

epithelium. 

The outer nuclear layer consists essentially 

of the parts of the neuro- epithelial cells which 

contain their nuclei. The fibres which pass 

inwards from these cells are known as Henle's 

fibres, The nuclei of the rods have cross stria- 

tions and are smaller than those of the cones. 

Occasionally isolated cone nuclei lie in or outside 
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the external limiting membrane, especially in the 

central parts of the retina. These extruded cone 

nuclei were first described by van Genderen; he 

thought they were not a second nucleus, but merely 

the normal one displaced,which Parsons believes 

to be correct. 

The outer reticular layer, the inner nuclear 

layer, the inner reticular layer, the ganglion cell 

layer and the nerve fibre layer, all consist 

essentially of nerve elements. The nerve fibre 

layer is bounded on its inner side by the internal 

limiting membrane of the retina which lies in 

contact with the hyaloid membrane of the vitreous. 



MELANOBLASTS AND CLUMP CELLS. 
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At1ELANOBLASTS AND CLUMP PP CELLS . 

(a) Melanoblasts. 

Definition. Some writers have given the name 

Chromatophots to cells possessing the specific 

function of manufacturing pigment melanin. This 

term conveys to some of us its exact meaning; 

namely, a pigment carrier or a pigmented cell which 

has not necessarily manufactured its own pigment 

but which has acquired it by phagocytosis or other - 

wise. The term melanophóre, introduced by some 

writers has substantially the same signification. 

There are two sets of cells; those which manufac- 

ture the pigment they contain, and those which 

derive pigment from outside by means of phagocytosis. 

Verne suggests the term pigmentary cells for the 

cells capable of producing their own pigment and 

pigmented cells for the cells which acquire their 

pigment. Most writers however have given to the 

cell, which is capable of producing the pigment 

melanin, the name melanoblast. This term indicates 

the function of the cell, and differentiates it 

from other pigmented cells which have acquired 

their pigment by phagocytosis or otherwise. These 

latter may be conveniently called secondarily 

pigmented cells. 
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Structure. Melanoblasts found in invertebrates 

and lower vertebrates. Verne tells us that melano- 

blasts, (which are observed in invertebrates, rep- 

tiles, amphibians fishes, cephalopods and crusta- 

ceans), are large and sometimes visible to the 

naked eye. The cells are found to contain two or 

more nuclei, which generally occupy a central 

position. The multiplicity of the nuclei is most 

frequently the result of amitotic nuclear division. 

It is not exceptional to find a centrosome which 

has also some connection with mitosis. These 

melanoblasts are essentially formed of a cytoplasm 

¡which acts as a receptacle for the pigment. The 

pigment granules surround the centrosome when it 

exists. Verne wonders whether there are other 

receptacles of pigment in the cytoplasm. The 

general form of the melanoblasts is branching with 

offshoots, which are often regular and symmetrical. 

The form of the branches varies from one cell to 

another according to the nature of the pigment 

contained in the cytoplasm. Frequently the melano- 

blasts are united with each other by their pro- 

cesses. Acton in his investigations on lower 

animals noted that the melanoblasts form a -large 

continuous sheet under the skin surface layer. 

Acton calls this sheet the primitive pigmented sheet. 

Verne confirms Acton's observations. He believes 
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that a real pigmentary sheet is formed the expense 

of the melanoblasts. This sheet is found to dis- 

appear with metamorphosis. 

Melanoblasts found in higher vertebrates and man. 

The forms which melanoblasts assume are varied. 

They may be branching or star -shaped, long or round, 

or even spiral shape. The size also varies, but 

in man, only within very narrow limits. 

The processes. By means of preparations obtained 

through impregnation of silver, Schreiber and 

Schneiber conclude that the processes are more 

numerous than is usually observable by the ordinary 

colour- staining methods. These processes may be 

very slender, or they may be short and blunt. 

Some of the processes are unpigmented, but generally 

the processes are filled with pigment in varying 

amounts and qualities. 

Graefe and Saemisch find that generally the blunt 

processes frequently carry coarser pigment, which 

may be evenly or unevenly distributed. The slender 

processes appear to have fine evenly distributed 

pigment. 

Nucleus. The nucleus within each cell-body is in 

no way distinctive. It is mostly circular in form, 

but some cells possess irregularly-shaped nuclei, 

which are attributed to fusion of smaller ones. 



The colour is found to vary between yellow and 

brown. Fachs observes that the colour of a single 

nucleus is never black. The nucleus of a cell is 

devoid of pigment, and has a like proportion of 

chromatin rods in the achromatic stroma. 

Movement. Melanoblasts are found to be capable 

of amoeboid movement. Some observers have traced 

nerve fibres to these melanoblasts, giving them 

contractility. Collins suggests that cutting off 

the nerve fibres of melanoblasts might abolish 

their contractility and cause them to assume a 

!spherical shape. 

Racial Differences. In 1909 Hawschild stated that 

the variations in shape and size of melanoblasts are 

to be regarded as peculiar to racial distinctions. 

He ascribed the short blunt processes and round 

cell forrns to the negroid type, the mongol type 

sheaving slender processes; and the European type 

processes .. which are still finer. Graefe and 

Saemisch do not agree that such differences are 

racial characteristics, and they have found quite 

fine ramifying processes in a Sudan nigger. Among 

Europeans there may be very marked variations in 

the degree of pigmentation. Variations of so 

marked a nature are lacking among the dark races 

where the amount of pigment is uniformly large. 

Graefe and Saemisch find that sometimes the amount 

of pigment may surpass that found in any animal, 
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including the strongly pigmented ape. They found 

the pigmented cells in the negro to contain the 

greatest amount of pigment. 

Pigmentation of the Eyeifhe Iris. As already 

stated cells containing pigment are found in the 

stroma of the iris, and, in addition, the epithelial 

cells of the retinal pigment -- layer, of the iris 

contain pigment. The retinal layer of-the iris is 

always rich in pigment; while the amount of pigment 

found in the stroma cells varies greatly. The 

colour of the iris depends upon the proportion 

between the amount of pigment in these two sets of 

cells. When the pigment cells of the stroma 

!contain a small amount of pigment, the colour of 

the iris is governed by the thickness of the stroma; 

thus, if the stroma is thick and compact, the iris 

is grey, but if the stroma is thin, the retinal 

pigment shows through and the iris is blue. When 

the pigment cells lying in the stroma contain a 

large amount of pigment, the retinal pigment is 

obscured from view and the iris appears brown. 

At birth, pigment cells lying in the stroma of 

the iris contain a relatively small amount of 

pigment; at the same time the framework of the iris 

is delicate and thin. This accounts for the blue 

colouration of the iris at birth. With increasing 

age the stroma becomes more dense and compact. 
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If there is no simultaneous increase in the amount 

of pigment in the cells lying in the stroma, the 

colour of the iris remains blue or grey. If, on 

the other hand, there is simultaneously an increase 

in the amount of pigment in the melanoblasts of the 

stroma, the iris assumes a brown colour. 

The colour of the iris is always proportional to the 

pigmentation of the rest of the body. 

The Choroid, or vascular coat of the eye, is of a 

black colour in animals, and generally of a dark 

brown colour in the human eye. The pigment contain- 

ed in melanoblasts consists of small amorphous 

masses. The inner surface of the choroid is 

covered by pigment epithelium. These cells 

contain pigment in the form of short rod -shaped 

structures, which should probably be regarded as 

small crystals. 

Retina. The pigmentary layer of the retina con - 

tains within its cells pigment in the form of 

granules, and it is of a dark brown colour. 

Distribution of Intra- ocular Melanoblasts. Iris. 

The cells which contain pigment lie in branched 

formation, stretching out arms in every direction, 

both in the stroma and in the retinal pigment 

layer of the iris. They hardly ever lie in one 

plane, even in the anterior layer where the cell 

bodies lie flat. In the stroma between the blood 

vessels they appear to lie irregularly but mostly in 
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radial order. In the immediate vicinity of the 

blood vessels they follow the contour of the veins. 

In the strongly pigmented iris, they surround the 

connective tissue of the veins, for large areas, 

like a mantle. In the region of the sphincter 

they lie less within the muscle itself than directly 

around the muscle, and between the groups of muscle 

fibres. In front of the dilator they form a flat 

outspread layer; towards the peripheral end of the 

dilator they assume a vertical position, more or 

less parallel. It will thus be seen that the cells 

in general accommodate themselves to their surround- 

ings. 

Ciliary Body. As in other parts of the uveal tract, 

melanoblasts lie in the free stroma. They are 

stellate and branching. In another section it was 

noted that the ciliary body is essentially of the 

same structure as the choroid, and is distinguished 

from it only by the absence of the chorio- capillaris. 

In addition, the pigment epithelium of the ciliary 

body seems to differ from that of the choroid, and 

to this, rather than to the amount of pigment, is 

attributed the difference in colour of the ciliary 

body and the choroid. 

The Choroid. All the layers of the choroid with 

the exception of the two innermost ones, namely 

the capillary layer and the lamina vitrea, contain 
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melanoblasts which are branching in form. The 

inner surface of the choroid is covered by pigment 

epithelium, which we have already found belongs to 

the retina. The cells of the pigment epithelium 

are regular hexagonal cells, each of which has an 

unpigmented nucleus, while the protoplasm contains 

an abundance of pigment. In the free stroma of 

the choroid the melanoblasts are irregular in shape, 

stellate or branching. 

Retina. The pigmentary layer of the retina is 

composed of regular hexagonal cells. The nucleus 

of each cell is unpigmented and the protoplasm 

contains an abundance of pigment granules. 

Origin of the Melanoblasts. The important question 

of the origin of the melanoblasts has been answered 

by many observers. Roughly, the answers may be 

grouped into three categories:- melanoblasts 

arise (1) solely from mesoblastic structures; 

(2) from either epiblastic or mesoblastic 

structures; and (3) exclusively from epiblastic 

structures. One or two observers, as Madame 

Asadourova, suggest that leucocytes can transform 

themselves into pigment- producing cells. 

Mesoblastic Theory. Supporters of the mesoblastic 

theory account for the presence of pigment in 

epidermal cells in three ways :- (1) that pigment 

passes up by the branching process of the meso- 



blastic melanoblasts. Thus Erhmann says that 

pigment is formed in the melanoblast of mesodermic 

origin; these melanoblasts are provided with 

typical branching processes, and pigment travels 

from the melanoblast via the processes to the cells 

of the epidermis, and thus epidermic cells are 

merely depositories; (2) that melanoblasts in 

the dermis travel up and become established in the 

epidermis; and (3) that pigment is carried by 

migratory cells from the dermis to the epidermis. 

Pigment may pass from one type of cell to another 

(a) by phagocytosis; (b) by some chemical 

process. 

Acton among others upholds the mesoblastic 

origin of melanoblasts. He observes that in man 

downy (lanugo) hair begins to form in the fifth 

month of intrauterine life, as solid buds from 

the rete mucosum and basal layers of the epidermis. 

As these buds grow down into the mesoblast they 

compress it, and at the point of compression the 

mesoblasts react to form a vascular papilla. 

Concurrently, cells make their appearances along 

the edge of the mesoblastic papilla and lie apart 

from the invaginated epithelial bud. These cells 

are the embryonic melanoblast. At first these 

cells have a vesicular nucleus and are ovoid in 

shape. Later they lose their ovoid form and become 



fusiform; processes grow out and melanin is 

secreted. Acton finds that in lower animals the 

melanoblasts form a large continuous sheet under 

the skin surface -layer. He gives to this sheet 

the name "primitive pigmented sheet ". Acton 

believes that whenever any surface down-growths 

of the epiblastic occurs, it carries before it a 

portion of the primitive pigmented vascular sheet. 

He adds that this explains the pigmented pia 

arachnoid of amphibians and the pigmentation and 

vascularity of structures formed from the stomato- 

deum and proctodeum. 

Dual Theory. Treacher Collins says that the 

mesoblastic theory is definitely disposed of, so 

far as the ocular tissues are concerned, by the 

fact that pigmentation of the cells of the outer 

layer of the secondary optic vesicle, (which is 

derived from neural epiblasts), precedes by several 

months the formation of pigment in the stroma of 

the uveal tract. It is impossible that pigment 

in the retinal cells can have diffused into them 

from the choroidal cells before the latter have 

developed any pigment themselves. Treacher 

Collins does not support the view which regards 

the retinal epithelium or the basal cells of the 

ocular conjunctiva as the only melanoblastic cells 

of the eyeball. He says that, very shortly after 
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the formation of the secondary optic vesicle, its 

outer layer becomes reduced to a single row of cells, 

which then produces a hyaline membrane on its 

external choroidal surface, - the membrane of Bruch. 

In embryological specimens, no one has so far 

observed the migration of retinal epithelial cells 

outwards through the membrane of Bruch. In later 

life, he adds, the passage of pigment granules 

through Bruch's membrane has also not been seen. 

He finds, however, that the cells of the retinal 

pigment -layer retain powers of amoeboid movement 

throughout life. These cells are seen to wander 

in certain pathological conditions, such as in 

degeneration of the nervous elements of the retina. 

Collins suggests that it is conceivable that, in 

foetal life, before the ocular cleft becomes closed, 

cells from the outer layer of the optic vesicle 

I might migrate through it into the choroid. If, 

however, such cells were pigmented, the pigmenta- 

tion of the choroidal cells in embryological 

specimens would spread from the region of the cleft 

upwards, and this has not been observed. The 

muscular tissues of the iris, both its sphincter 

and its dilator fibres, have been shown to be 

developed from the secondary optic vesicle. If all 

the pigmented cells of a deeply -pigmented iris 

were also derived by migration from the same 

source, then the whole iris (except its blood 



vessels) would have to be regarded as epiblastic 

in origin,- a view respecting its structure which 

few if any histologists would be prepared to admit. 

With regard to the suggestion that the cells 

of the uveal tract and sclerotic acquire their 

pigment by phagocytosis, Collins points out that 

they are stationary cells, and that the amount of 

pigment once found in them remains under normal 

conditions the same. No passage to and fro of 

pigment granules between the retinal epithelium 

and cells of the choroid has been observed, such 

as would be expected if the latter were acting as 

storehouses of pigment for the former. If the 

pigment found in the cells of the uveal tract was 

generated in the retinal epithelium, we should 

expect the granules to present similar character- 

istics in the two sets of cells. This however is 

not the case; the pigment in the cells of the 

uveal tract always consists of small granules, 

never of rod- shaped particles; in the hexagonal 

retinal pigment- cells, the granules are rod -shaped 

crystals; there may also be some granules, but it 

is always doubtful if the particles which appear to 

be such are not really the rods cut transversely. 

With regard to the view that both epiblastic 

and mesoblastic cells generate melanin, Collins 

says it has been urged that, so long as no 
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malignant change has set in, it is not possible to 

demonstrate that mesoblastic cells can form 

pigment. Collins finds, however, in congenital 

malformation of the tissues of the eye, evidence 

which seems to him to prove definitely the genera- 

tion of melanin pigment by mesoblastic cells. He 

finally arrives at the conclusion that, in the 

normal tissues of the eye ball, melanoblasts are 

both epiblastic and mesoblastic in origin. 

Miss Ida Mann, approaching the subject from a 

biological standpoint, is another supporter of the 

theory that melanoblasts are both epiblastic and 

mesoblastic in origin. She says that ectodermal 

melanoblasts are to be found in the skin, in the 

central nervous system, and in the pigment -- 

epithelium of the eye. Melanoblasts of mesodermal 

origin are found in muscles of amphibia, but are 

best seen in the mesodermal tissues round the eye, 

¡where as usual they take the form of uniformly 

;brown, stellate or branching cells. They are 

described as occurring not only in the choroid 

but also in the sclera, in the sheath of the optic 

nerve and in the subconjunctival tissue. Miss Mann 

is quite convinced that in man the choroidal 

pigment has no connection at any time of development 

with the ectoderm of the optic cup. 

Miss Mann states that ectodermal pigment appears in 



the retinal epithelium at or before five weeks, and 

that this layer is completely differentiated long 

before any pigment can be seen in the choroid. The 

earliest stage at which choroidal pigment has ever 

been seen is found to be five months. Miss Mann 

observes that the choroidal pigment appears uni- 

formly scattered in the protoplasm of branched 

connective tissue cells, and further she finds 

that the pigment is found first in the outer layers 

of the choroid and spreads inwards; so that the 

question of migration outwards of the retinal 

epithelium is disposed of. 

Bloch concludes that melanoblasts in the skin 

generally are epidermal in origin, but on rare 

occasions newly born babies, particularly of the 

eastern races, are found to possess spots resembling 

areas of bluish grey discolouration found in certain 

monkeys. These Bloch has termed Mongolian spots 

And the cells Mongolen- Zellen which he says are 

mesoblastic cells. Further he says mesodermal 

melanoblasts are found in the human being in the 

so- called "blue naevi" which differ from other 

naevi by their blue colour and their cells resemble 

microscopically the cells of Mongolian spots. 

With reference to the eye Bloch says the 

pigment in the ciliary body and the choroid is of 

mesodermal origin but he does not account for the 

3°r 



absence of blue colouration which he indicates as 

distinctive of Mongolen -Zellen cells. Nor does he 

explain the brown colouration of the melanoblasts 

of the ehoroid and ciliary body. 

Verne. comes to the following conclusions from his 

;extensive researches on all pigments occurring in 

invertebrates, lower vertebrates, higher vertebrates 

and man, viz: - 

(1) in invertebrates melanoblasts arise 

from mesenchymatous elements; 

(2) in lower vertebrates, fish, reptiles 

and frogs, the production of melanin is found to 

be at least as active in the mesenchymatous ele- 

ments as in the epithelial; and 

(3) in birds and mammals melanoblasts arise 

only in true epithelial elements, at any rate in 

normal conditions. 

Verne goes on to say that pathologists tend 

to admit in man that, in the skin at least, melano- 

blasts arise from epithelium only, but that in the 

eye it appears that they may be derived both from 

epithelium and mesoblastic tissues. 

Epiblastic theory. Spencer tells us that the 

epithelial origin of the melanin pigment can be 

demonstrated in several ways; for instance in the 

columnar epithelial cells lining the ink sac of 

sepia. The passage of such pigmented cells, from 
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the epidermis into the dermis, is to be seen in the 

,tree frog, in which branched pigmented cells 

(formed in the epidermis) may be traced into the 

sub- epithelial tissues. On the other hand the 

statement that cells, derived from the mesoblast, 

can form melanin pigment, has not been demonstrated 

so long as no malignant change had set in. Apart 

from malignant changes, melanoblasts seem solely of 

epidermal origin. 

In the human foetus, about the end of the first 

month of intra- uterine life, rod-- shaped granules 

appear and form the pigment epithelium of the 

retina. A little later rounded granules of pig - 
are to be seen 
ment,in the part of the retinal epithelium which 

grows forward to form the uveal layer of the ciliary 

body and the iris. The choroid of the human 

foetus becomes pigmented not before the fifth month 

and chiefly at the seventh month. 

Pigmented cells are then found alongside the blood 

vessels, which have developed from the mesoblast 

immediately external to the retinal epithelium. 

When Bloch's dopa test is used in the embryo only 

the pigment retinal epithelium cells stain, and 

not the mesoblastic cells forming the choroid. 



Dawson made exhaustive embryological researches 

ön the higher vertebrates and also on sections of 

embryonal pigmentation in foetal skin and eyes. 

Pigment formation in the human skin is regarded by 

him as characteristic of the basal cell layer of 

the rete malpighii. He believed that the pigmented 

cells found in the choroid, which may be regarded 

as the corium of the retina, are embryogenetically 

cells of the pigmented layer of the retina which 

have migrated and become stabilised in the choroid. 

(b) Clump Cells. 

General distribution. Clump cells were first 

described by Koganei in 1885. They are found to be 

present in various species of apes, in greatest 

numbers in the gorilla; In lower animals they are 

found to occur in great numbers in dogs and cats, 

and to a more limited extent in rabbits and guinea 

pigs. Lauber says that it is fairly safe to say 

that they occur .in the iris of all mammals. 

Graefe and Saemisch find that, so far as the appear- 

ance of clump cells in the animal kingdom has been 

followed up, they may be looked upon as of very 

general occurrence; they are however found in very 

varying numbers. They suggest that it is possible 

that a great variation in numbers also occurs in 

individual humans. 



Distribution in Man. The position which 

clump cells prefer is the region of the sphincter; 

they also appear in the sphincter itself, as well 

as more rarely in the stroma of the iris root. 
o 

Fuchs has found them, in exceptional cases, to 

appear in all parts of the iris, even penetrating 

the anterior limiting layer in its upper surface. 

Histological Structure and Pigment Content. The 

term clump was applied to these cells because 

they are found rolled together in black clumps, and 

also the pigment is frequently conglomerated into 

clumps. The cells are mostly round or polygonal 

in shape, and do not possess branching processes. 

Fuchs states that clump cells frequently contain 

pigment in needle formation, like the pigment 

found in the pigment epithelial layer. Graefe 

and Saemisch observe that, if the migration of the 

cells is closely watched in cats, the cells contain 

mixed pigment-granules and rod- shaped pigment; 

later the granules disappear entirely, and only rod - 

shaped particles of pigment are left. The clumping 

of the pigment as described by Fuchs is one of 

those phenomena which the clump cells undergo 

during the time that they remain in the stroma of 

the iris. Graefe and Saemisch tell us that a 

second phenomenon may take place simultaneously 

with the clumping of the pigment, which is also to 



be reckoned as a physiological phenomenon; namely, 

an extensive reduction in the pigment, so that the 

structure ar tissue may have the appearance of 

being entirely or almost free from pigment. 

Nature of Clump Cells. Koganei when he first 

described clump cells gave them a separate entity. 

Fuchs, Graefe and Saemisch, Lauber, Elsching, and 

others state that clump cells differ essentially 

from melanoblasts. 

Clump Cells Melanoblasts. 

The pigment is fre- 

quently conglom- 

erated into Clumps. 

Pigment is in the Pigment is more easily 

form of whetstone- bleached, and the 

shaped crystals or granules are more darkly 

granules, and the coloured by haematoxylin; 

colouring darker (Fuchs does not admit 

and of a different this as a distinguishing 

character. mark). 

Outer membrane. Outer membrane. This 

When coloured with is entirely lacking in 

Heidenhain's solu- melanoblasts. 

tion, clump cells 

shew a quite 

sharply defined outer 

membrane, which is 

in all cases so clear 

that clump cells are 
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Clump Cells 

recognised at the first 

glance. This is seen 

most clearly in com- 

pletely bleached prepara- 

tions, but is also 

apparent without bleach- 

ing. This is an epithe- 

lial peculiarity and must 

be taken as evidence of 

epithelial origin. 

Melanoblasts 

Other observers do not agree with Fuchs and 

his colleagues, and believe that clump cells and 

melanoblasts are identical; thus Ginsberg des- 

cribes clump cells as melanoblasts in which certain 

degenerative changes have occurred. Treacher 

Collins supports this theory, and suggests that the 

large branching melanoblasts may become changed 

into spherical or polygonal forms without any 

branching processes when some interference occurs 

with their nutrition or their nerve supply. 

Origin. If these clump cells are to be looked upon 

as melanoblasts their origin has been dealt with 

in the preceding section. Those who seek to 

differentiate them, generally regard them as epi- 

blastic in origin. Fuchs, Elsching and Lauber 

believe that clump cells are ectodermal cells which 
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have become displaced from the ectodermal lining 

on the posterior surface of the iris. When they 

are displaced they lose their epithelial nature 

and become isolated in group formation in the 

stroma. 
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MELANIIJS 

Melanins are pigments or organic dyes which are 

found in all vertebrates and invertebrates. These 

melanins are the most resistant of all pigments. 

Their colour, their resistance to acids and their 

solubility in alkalies enable them to be recognized. 

Verne shows that they may be confused with certain 

ehromo -- lipoid pigments very much browned. The 

function of pigments differs in cold blooded animals, 

and in higher forms. In higher forms of life 

pigment appears to have no vital functions; but in 

lower forms pigment formation assists in the regu- 

lation of temperature and has a vital importance in 

mimicry and protective colouring. 

Physiological Distribution. Melanins are generally 

met with in the cell -body, and certain authorities 

describe them as associated with a substratum. 

They are also described as occurring in free 

masses by Verne and others; for example, in the 

!cuticle of insects, in the shell of crustaceans, and 

impregnating the scales on the wings of butterflies. 

The usual positions in which melanins occur normally 

are in the skin and in the eye. In the skin 

melanic pigments are to be found in the deeper 

layers of the rete malpighii and in the branching 



cells of the corium, especially in the transition 

zone between the dermis and epidermis, and also 

around the walls of the vessels. The association of 

pigment with the visual organs is particularly well 

known. Frequently, in invertebrates and in certain 

animals, the eye may be atrophied and only a simple 

pigmentary mark indicates the presence of an eye. 

In the eye melanin is found to occur in the pigment 

layer of the retina and in the uveal tract. 

In many animals and also in man, melanin 

pigments are found in tissues connected with the 

central nervous system, the meninges, and the out- 

going nerves (especially the sympathetic). In 

lower vertebrates, the serous membranes may be 

found pigmented by melanins. 

Melanins are said to occur normally in the 

liver of lower vertebrates. It is exceptional, 

however, to find melanins in the glandular organs 

of vertebrates, for, according to Verne and others, 

the active metabolism of these organs does not 

normally permit the formation of melanin. 

Pathological production. The elaboration of 

melanin, in pathological conditions, occurs in areas 

where melanins are to be found normally; namely, in 

the skin and in the eye, more rarely in the meninges 

and serous membranes. Pigmentation of the skin and 

mucous membranes occurs in Grave's, and in Addison's 



disease, It is now believed that pigmentation of 

the cartilage, fibrous tissue, and tendons, which 

is characteristic of ochronosis, is due solely to 

melanins. Melanins colour certain tumours of the 

skin and ocular tissues. Melanin pigments are 

also met with abnormally in certain secretions. 

They have been found in sweat by Blanchard, in 

tears by Beccari, and in urine by Eppinger. 

Physical properties. Melanins are highly 

molecular organic pigments. They are brown or 
b 

black in colour, and amorphous even by Rontgen 

spectroscopic examination (Bloch). They are in- 

soluble in water, organic solvents, and acids 

generally. They are soluble in alkalies. 

According to Bloch, they are negative colloids,and 

go into colloid dispersion in alkaline media. 

Addition of caustic potash to a melanotic growth 

turns the pigment bright red, and the addition of 

concentrated sulphuric acid to such a growth 

causes a play of colours - green, then blue, and 

finally red (Virchow). All melanins are capable 

of reducing metallic salts, particularly silver 

nitrate. This silver nitrate reaction is of great 

value in detecting the presence of the smallest 

trace of melanin. 

Chemical Composition. It appears to the inexper- 

iénced that it is a simple matter merely to 



isolate melanin and subject it to chemical analysis 

both qualitative and quantitative. But the extract - 

ion of melanin is an extremely difficult and intri- 

cate task. The results obtained from chemical 

analysis seem to present variations for the follow- 

ing reasons. There is an infinity of melanins; 

and varying amounts of impurities are nearly always 

present. The various groups, which can be related 

to an aromatic nucleus, take part in the condensa- 

tion and the constitution of melanin pigments so 

that the result is a variable content of nitric 

acid, sulphur, and iron. Verne believes that the 

differences in the constitution of melanins arise 

on the one hand from impurities, and on the other 

from the fact that the chromogenes to a certain 

extent have a variable composition. 

Qualitative Composition. Piettre has shown that 

melanin, extracted from a malignant melanoma of a 

horse, gives rise on analysis to three elements: - 

(1) Ammoniac, and amine substances; (2) a sheaf 

of amino -acids, crystalline or amorphic; (3) a 

jet-black matter, which is the primitive pigmentary 

kernel, and which contains thick cords of iron and 

sulphur. Morner made an exhaustive examination 

of melanins, obtained from urine and tumours, The 

¡pigment gave no absorption band, but was found to 

contain iron, which was estimated spectrophotomet- 
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rically. There was a high percentage of sulphur. 

The pigments in the tumour and the urine are 

identical. Abel and Davis find that the granules 

of melanin are composed of (1) a colourless 

ground substance; (2) inorganic salts, such as 

calcium and magnesium, silicitic, phosphoric, and 

sulphuric acids, which play an important part in 

the deposition and fixation of the colouring matter 

in the granules; (3) a pigment. Contrary to 

Piettre, Abel and Davis regard the pigment, 

isolated from the granules, as iron free; and, if 

a trace is found, they suggest that it should be 

regarded as an impurity. With reference to the 

sulphur content present in melanic pigments, in 

several cases the presence of sulphur seems acci- 

dental and due, for example, to products coming 

from the keratin and other substances at the same 

time as the pigment. Bloch finds that "dopa" 

described below, discloses no su4.phur. Verne 

however says that some melanins, which may be 

considered pure by reason of their mode of extract- 

ion, give evidence of the presence of sulphur. 

This, he suggests, is probably due to the presence 

of sulphurated amino -acids, such as the cystin in 

the chromogen which furnishes melanin. 011iver 

and Tounet believe that, when there is an excess 

of melanic pigment in the skin under pathological 

6'a 



conditions, there is a corresponding rise in the 

total sulphur of the blood serum. 

Quantitative analysis. Heintz was the first to 

attempt a quantitative analysis of melanin. His 

percentage figures are 

C. 'H. N. 

53.4 4.02 7.10 - - 

Among quantitative analyses, (percentages not 

precisely totalling 100), Verne quotes a number as 

follows: Landolt in 1899 found, as regards ocular 

melanins, the following percentages: - 

C. H. N. 0. S. 

54.48 5.35 12.65 27.52 - 

Primavera, as regards melanins in the urine, in 

malignant melanoma of liver obtained: - 

C. H. N. 0. S. 

54.01 6.31 10.20 20.22 9.11 

Abel and Davis for melanins in the skin of 

negroes:-- 

C. H. N. H. 0. S. 

52.83 3.86 14.01 3.86 26.70 3.60 

and, after treatment by alkalies in heat:- - 

C. H. N. 0. S. 

53.56 5.11 15.47 23.33 2.53 

Hoffmeister has established that, in the 

melanins there exists between C., H., and N. the 

following ratios, in grammes per cent : 

//u 
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C 60 

N . 14 

H .. 5 

Verne himself finds that C and H have a fairly 

constant ratio; but that among invertebrates the 

amount of N. is less. 

The results show that carbon varies from 

52.00 to 54.00 per cent, and 

H from 3.86 to 6.30 per cent, and 

N " 10.00 to 15.47 " ". 

Extraction of melanin. Two processes have been 

used in the extraction of melanins; chemical, and 

mechanical. 

Chemical process. This process has been employed 

by T. J. Abel and Walter Davis, by Landolt, Morner 

and others. Tissues, containing melanin pigments, 

are treated with potassium hydrate or a solution of 

sodium bicarbonate. The pigment is then precipita- 

ted by neutralisation with alcohol, or sulphate of 

ammonia. Inn. order to free the melanin from impuri- 

ties, particularly proteins, the pigment is again 

redissolved and reprecipitated, or washed with 

alcohol and ether. 

Mechanical process. Piettre introduced a 

mechanical method of extraction, because acids and 

alkalis which have a destructive action on proteins, 

he felt, had a similar effect on melanin. Piettre's 
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method consists of passing the tissues containing 

melanins under a grinder. The bluish pulp thus 

obtained is mixed with a large quantity of cold 

distilled water in precipitation glasses. These 

are placed on ice. After twenty -four hours, a 

greyish sediment separates out. The supernatant 

fluid of a brownish colour contains grains of 

melanin in a pure state obtained after the super - 

natant fluid is syphoned off and the centrifugalised 

melanin subjected to dessication. 

Other methods are employed, such as those 

of Wolf, Gortner, and De Coulon. 

Melanogenesis. The origin of melanin pigments 

has been much discussed. They were first said to 

arise from blood pigments. This theory was support- 

ed by Morner, Peiffer, and others, because, on 

chemical analysis of melanins obtained from urine 

and tumours, they found the presence of iron. The 

work of Abel and Davis and numerous other observers 

however tendsto prove that melanins are iron-free; 

and, if traces of iron are found, they are to be 

;regarded as impurities. Another reason for 

attributing a blood pigment origin to melanins was 

an old hypothesis that a chemical relation exists 

lbetween melanins and haemoglobin. Spiegler, however, 

'has shown that melanins disclose no specific product 

of the decomposition of haemoglobin. Verne's view 
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is that, if haemoglobin can ultimately be considered 

as taking part in the formation of melanin, it is 

due to its protein classification and not to its 

haematin pigment classification. A later theory, 

that melanins arise from lipoids, has been similarly 

explained. The fact that chromogen, (pigment -bear- 

ing substance), is formed at the expense of the 

protein portion of a complex lipoprotein, explains 

the fact that one can find a melanin-content in 

the lipoids (Verne). 

Research next aimed at obtaining bodies similar 

to melanins in vitro by treating various protein 

substances with mineral acids. Hansemann tried 

hydrochloric acid on globin. This method however 

led to no definite result; while Verne and 

; Maillard found that these synthetic melanins 

differed from those produced, physiologically and 

pathologically. Various workers, particularly 

Bertrand and Chodat, showed that the blackening of 

juices in certain plants was due to the presence in 

the plants of oxidising ferments capable of produc- 

ing melanin from colourless organic substances such 

as tyrosin, phenol, and pyrogallol. Amongst these 

ferments tyrosinase is the most important; it forms 

melanin from tyrosin. Furth suggested that melanin 

found in animals is similarly produced. 

The theory now accepted is, that the production 

5. 



of melanin is a fermentative process. Under certain 

conditions (which will be mentioned later) a colour- 

less mother-substance, called acceptor or melanogen, 

produced by the disintegration of protein substances, 

and circulating in the blood or the lymph, is con- 

verted into melanin pigments by ferments or 

oxidases. These oxidases are definitely localised 

in specific cells named melanoblasts. 

Support of this theory calls for the isolation 

of both acceptor and oxidase in the same body. 

Tyrosinase has been isolated by various observers, - 

in the haemolymph of butterflies (Furth), in the 

ink glands of cephalopods, in maggots, in insects, 

and in the skin of certain cold-blooded animals. 

It has also been extracted (by Miss Durham) from the 

skin of young vertebrates, and (by Gassard) from 

melanotic tumours of horses. The acceptor tyrosin 

has also been isolated from the same groups; for, 
Y 

instance, crystallised tyrosin has been found by 

Verne in melanotic tumours of horses. 

Bloch believes that in higher animals, especial- 

ly mammals (including man), ferments and acceptors 

(other than tyrosinase and tyrosin) operate in the 

process. He attaches importance to a special 

ferment, which he styles dopa-oxydase. He proceeded 

from the fact that, in Addison's disease, hyperpig- 

mentation of the skin is combined with the lesion of 



an organ the main product of which is a pyrocatechin 

derivative, viz: adrenalin. He therefore experi- 

mented with a compound. closely allied to adrenalin, 

which for convenience he called "dopa." He found 

that the pigment -forming ferment, which. he calls 

dopa-- oxidase is capable of converting the colourless 

"dopa" into a dark insoluble melanin. All cells 

containing this ferment are darkened by the dopa- 

melanin in proportion to the quantity and activity 

of the ferment. 

There have been many critics of Bloch's theory. 

As regards the ferment dopa -oxidase, Chodat and 

others believe it is not a specific ferment, because 

it blackens spontaneously, and equally well with 

the addition of either tyrosinase or alkalies. 

Other observers state that it is useless to dis- 

tinguish a dopa -oxidase from a tyrosinase. With 

reference to the acceptor-dopa, some observers 

found that it was not the normal chromogen of verte- 

brates. Sato and Brecher obtained negative 

results, working on the skin of fishes, birds, and 

mammals. Extracts of the tissue, show neither the 

normal green colour with perchloride of iron, nor 

the purple precipitate by the addition of carbonate 

of_soda, which the "dopa" solutions produce. 

Chodat and others show that "dopa" is an extremely 

volatile substance, which transforms itself spontan- 
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eously in the air into black pigment. They believe 

that "dopa" is only an indication of the action of 

tyrosinase. The "dopa" reaction itself is criticised. 

According to Heudorfer, the reaction is not due to 

a ferment, as it is not destroyed by heat, and he 

suggests that the reaction results solely from the 

reducing property of pro -pigments and pigments, 

and that it has the same significance. Verne and 

others have shown that, although melanins are the 

most important and obvious of the end -products 

during the disintegration of protein molecules, 

they are not the only ones; other bodies precede 

them. Bloch replied by showing that the "dopa" 

reaction, and the reducing of the silver salts, 

would not take place in the same elements. 

Hasebroek, working on the black pigmentation 

of moths, confirms the presence of two ferments 

dopa-oxidase and tyrosinase, and two acceptors dopa 

and tyrosin. During the formation of melanins, he 

found that dopa-oxidase comes into action before 

tyrosinase; further, that the action on "dopa" is 

greatest when the action on tyrosin fails. 

The ferment theory of the production of melanins 

is, however, challenged by Przibram. This observer 

believes that certain chromogens can produce a 

melanin pigment without any ferment, by means of 
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direct oxidation when a given amount of alkalinity 

is present. He finds that no ferment is necessary 

for the production of melanin pigment, but only 

humidity, in the cocoons of certain insects. He 

attributes variation in the colour of the pigments 

to humidity of the atmosphere. 

Verne, reviewing the whole subject of melano- 

genesis, says that the facts, when marshalled 

together, indicate that melanogenesis is a fermenta- 

tive process. Under certain conditions, a speciali- 

sed oxidase acts on an acceptor to transform it 

into melanin. The specialised oxidase is a 

tyrosinase, which is the acting ferment in most 

cases, and this is the only ferment which has been 

isolated. However, the histo- chemical reactions 

give ground for thinking that another oxidase, with 

a more or less defined specificity, plays a rôle 

in certain cases of melanogenesis. Both these 

oxidases (tyrosinase and dopa -oxidase) are definitely 

localized in specific pigmentary cells (melanoblasts). 

Verne says that the acceptors or mother - 

substances, are always a compound possessing at 

least one aromatic nucleus, provided with phenol 

and amine functions. Such compounds are formed in 

the course of disintegration of protein matters, 

and most observers agree in considering melanins 

as formed at the expense of protein matters. 



The conditions necessary for the production of 

melanins. In addition to the presence of an 

acceptor and a ferment, the union of certain 

conditions is necessary for the production of 

melanin pigments. These conditions are as 

follows :-- 

Chemical conditions. Oxygen is indispensable. 

So is a slight alkalinity. A certain concentra- 

tion of hydrogen ions is also required. 

Physical Conditions. Temperature has a very 

great influence in the formation of melanins. 

There is an optimum temperature which is found to 

vary with different species. 

Light. Generally speaking, the parts exposed 

to light fill themselves with melanin. 

There are, however, exceptions; for instance, 

the ink --sac of the cuttlefish, the peritoneum of 

lower vertebrates, the liver of frogs, and melanotic 

tumours. Verne states that, putting aside the 

influence light might have by its calorific rays, 

it must either promote hydrolysis of protein 

substances, which produces a suitable chromogen, 

or else it energises the oxidising ferment. 

The condition of albinism, which is 

characterized by the absence of pigment, throws 

some light on the problem. It is logical to infer 

that, if there is some irregularity in the 

mechanism, albinism results. This is found to be 
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actually the case. Sometimes the acceptor is 

wanting, the ferment and other conditions being 

satisfactory. Verne has observed this cause 

productive of albinism in the crayfish and lobster. 

In other cases, it is the oxidising ferment which 

is lacking or not active. According to Miss 

Durham, it is to the absence of tyrosinase; and 

according to Bloch and his pupils, to the absence 

of dopa -oxidase whleh one must attribute the non - 

formation of melanin in albinos. Finally, though 

the acceptors and ferments may be adequate, condi- 

tions may be such as to prevent the precipitation 

of melanins. Verne lays most stress on the reaction 

of the medium, an alkalining of the medium being 

essential. Przibram has explained the non-forma- 

tion of melanin in the white spots of guinea -pigs, 

as being due to an excess of hydrogen ions. Verne 

also finds that the non energisation of the ferment 

by light may determine albinism. For example, in 

animals dwelling underground in the absence of 

light, a condition of albinism results; if these 

animals are exposed to light, melanins can be 

observed forming in their skins. 
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DISTRIBUTION OF 

BENIGN MELANOMATA. 

Various clinical varieties of benign melano- 

mata have been found to occur in the iris, viz: 

(1) pigmented spots, naevi or moles; (2) melan- 

otic tumours, either solid or cystic; and (3) 

diffuse melanosis. 

Naevi - Pigmented spots, which are congenital, are 

not very uncommon in the iris. Fuchs found that 

they usually occur in the anterior limiting layer. 

Parsons states that they are often situated near 

the pupillary edge. Collins found in the iris, in 

healthy human eyes, two kinds of isolated pigmented 

spots in the stroma occurring either separately, or 

in association, differing in their histological 

structure. 

Solid Tumour Variety. Benign melanotic tumours, 

occur generally at the pupillary margin. Parsons 

says this is explained by the meeting of the two 

layers of the secondary optic vesicle at this spot. 

Treacher Collins observes that these melanomata, 

which occur at the pupillary border, are congenital 

and that they may be due to malformation in the 

development of the iris. 

Fuchs has described nodular melanomata at the 
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pupillary margin. These small nodules, when they 

develop, project into the pupil; they may become 

separated from the pupillary margin, and then they 

come to lie in the anterior chamber. Treacher 

Collins has described also melanotic tumours of 

nodular form in the pupillary region. Growths of 

this character are said to occur normally, and 

greatly developed, in the horse. Anargyros came 

across a case where there were two small melanotic 

tilmours in the upper part, and one larger one, 

measuring 1 mm. broad by 2i mm. in length, situated 

in the lower part of the pupil. In addition, 

several small nevi or pigmented spots were found 

scattered over other parts of the iris. Anargyros 

finds that melanotic tumours are,not only limited 

to the pupillary margin of the iris; he has 

observed a melanotic tumour at the extreme periphery 

of the iris. Fuchs describes the development of a 

blackish tumour growing out from the stroma of the 

iris. Melanotic growths are found also in the 

neighbourhood of the peripheral edge of the 

sphincter, where ingrowths of the retinal pigment 

layer are not infrequent in normal eyes. 

Cystic Variety of Melanomata. These may be met 

with as a congenital anomaly. Treacher Collins 

suggests that they are produced as excrescences 

from the pigmented layers of the optic vesicle at 



the pupillary margin, the facet on their surface, 

which is so frequently met with, representing the 

point of adhesion which has given way. Small 

cysts are also to be met with pathologically. 

Treacher Collins has described three cases; One 

occurred in a boy aged ten years, whose eye had 

been wounded with a pair of scissors seven years 

;previously. The wall of the cyst was found 

adherent to the capsule of the shrunken lens, and 

the posterior wall was adherent to a cyclitic mass 

of fibrous tissue. The next case was in a man aged 

sixty four; a black mass with a notch in the 

middle, projected from behind the lower margin of 

the pupil. In the third case the cyst was a 

complication or sequela of a sarcoma of the ciliary 

body. The pressure of this tumour on the base of 

the iris gave rise not only to oedema of its stroma, 

which was swollen, but also to effusion of fluids 

between its two uveal layers. Treacher Collins 

suggests that these cysts were formed by inter - 

ference with the normal lymph flow in the iris. 

Parsons states that interference of the lymph flow 

will be aided, if not caused, by adhesions of the 

root of the iris to the back of the cornea, and 

that it will be further increased by fusion of the 

posterior wall with cyclitic deposits, -- partial or 

total posterior synechia. The accumulation of 

fluid is sometimes considerable, the anterior wall, 



with the main part of the atrophic iris, being 

bulged forwards; an extreme condition of oedema 

of the pigment layer with the formation of numerous 

small cystic spaces is common in diabetes. Sales 

and Sinclair record two cysts in a glaucomatous 

eye. 

General Melanosis. The iris, besides being the 

seat of nevi and melanotic tumours, may become 

affected with general melanosis. However, this 

condition generally occurs with general melanosis 

of the eye ball. 

The Ciliary Body. 

Owing to the difficulty of examining the 

ciliary body clinically the frequency of occurrence 

of benign melanomata in this region is not easy to 

ascertain. Foster Moore has described localised 

pigmented patches in sections of the ciliary 

muscle and Mulock Houwer has described a melanotic 

tumour of the ciliary body. 

The Choroid. 

Pigmented Patches are met with not infrequently 

in the choroid, Foster Moore has described a pig- 

mented patch which was situated in the outer 

layers of the choroid, the chorio-- capillaris being 

for the most part quite clear. Treacher Collins 

says that he has met with several cases of congeni -- 
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tal pigmented patches in the choroid,- and so also 

has Mulock Houwer. 

Melanotic Tumours which are purely benign have been 

described. Fuchs calls attention to their resem- 

blance to malignant neoplasms -- so- called sarcomata. 

He says they can be distinguished from the latter 

by their uniform slaty colour, the absence of 

abnormalities in the appearance of the overlying 

or adjacent retina, and the absence of pigmentary 

disturbances adjoining the tumour. 
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HISTOLOGICAL STRUCTURE 

of 

BENIGN MELANOMATA. 
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HISTOLOGICAL STRUCTURE OF BENIGN Ii LANOMATA. 

L 

Skin. 

The terra Naevus strictly signifying a mark due to 

congenital anomalies is now ordinarily limited to 

marks, moles, or tumours which contain pigmented 

cells. The simplest form of the benign quiescent 

pigmented naevus is merely a collection of pigmented 

which have a smooth surface, and which may 

be compared to the enlargement of a freckle, but 

in other forms it may show definite groups of 

naevus cells. 

The quiescent naevus- celled tumours, whether 

small or large, and of whatever clinical type, 

such as macular, warty, pedunculated, papillary, 

and also systematised and diffuse types, have all 

a similar construction. They consist 

essentially of characteristic cells, "naevus cells ".. 

These are almost atrophic .non-pigmented cells, 

polymorphic in outline, with little cytoplasm. 

They are separated by varying amounts of connective 

tissue from each other. They are usually arranged 

in what are called cell columns, groups, strands, 

or nests. These are separated from each other 

by fibrous tissue septa; and the whole from the 

epidermis by a narrow zone of homogeneous 

connective tissue. In this zone of 
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connective tissue, and also in septa between the 

groups, a very delicate network of elastic fibres 

is present. The area occupied by the quiescent 

naevus is, however, deficient as a whole in elastic 

tissue; and to this factor is due the pressure up- 

wards to which the naevus cell -area is subjected 

by the surrounding elastic tissue tension. 

In the large tumour variety the tumour cells 

are, as a rule, uninucleated; but multinucleated 

and giant-cell forms occur even in the simple 

naevi, in the cell nests, or groups. They appear 

to be formed by the confluence of adjoining cells, 

because they show little sign of nuclear division. 

The nuclei are arranged usually at the periphery, 

but, as in giant cells elsewhere, they may be 

scattered throughout the cytoplasm. 

On the periphery of the cell columns, and in 

the adjoining connective tissue, lie the pigmented 

granular cells of elongated, branching or rounded 

shape. These cells contain melanin and are true 

melanoblasts. The pigment lies at first around 

one or both poles of the cell as a crescent, and 

later extend to the periphery; and, as the cell 

becomes intensely pigmented, it assumes a spindle, 

'branching, or stellate form. 

(Lipoid -containing cells. Mulock Houwer shows that 

moles or naevi of the skin and conjunctiva often 



show groups of cells containing much lipoid. These 

cells may be small and arranged in columns, or they 

may be much larger, "so large as to appear merely 

as large spaces ". These cells may contain many 

nuclei, irregularly scattered over them. The 

nucleolus is sometimes visible. The protoplasm has 

a "spongy structure, which is caused by lipoid ". 

Mulock Houwer suggests that these cells are possibly 

lipophages, as he finds that lipoid is often 

present in melanomata. 
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II. 

The Uveal Tract. 

Iris. Benign melanomata of the iris may occur 

in the form of pigmented patches or of growths 

(either solid or cystic). They are found to occur 

at the pupillary border, in the stroma, and in the 

anterior limiting membrane. 

Pigmented spots. A pigmented naevus, which occurs 

in the anterior limiting membrane, often causes 

the surface of the iris to project forwards. 

The cells may be round, in which case their resem- 

blance to those of true naevi of the skin and con- 

junctiva is well marked. The pigment granules may 

be so profuse that the nuclei of the cells are 

hidden. They are often very large. Treacher 

Collins, describes two kinds of isolated pigmented 

spots in the stroma, which being developmental 

marks, may be described as naevi. In the first 

variety, there is a hyperplasia of the surface of 

the iris,of its endothelium and possibly also of 

the cells of the anterior limiting membrane. It is 

composed of large endothelial cells, with oval 

sharply -defined nuclei with no signs of mitosis. 

In the second variety, there was a group of deeply - 

pigmented cells, mostly spherical and without any 

projecting processes. The pigment granules were 



so closely packed that the nucleus was hidden. 

These cells are termed clump cells. 

Melanotic tumours. These growths, which appear 

first at the pupillary border, are either solid or 

cystic. The solid ones, according to Treacher 

Collins, are congenital in origin. They are 

composed of epiblastic tissue. In ungulata, how- 

ever, in addition to epiblastic tissue, these 

growths possess blood vessels prolonged into them 

from the stroma of the iris. Anargyros describes 

two melanotic tumours, which consisted of masses 

of deeply- pigmented cells formed by proliferation 

of the retinal epithelium into the stroma of the 

iris. They were situated for the most part in 

the posterior layers of the iris. The individual 

cells were irregular in shape, and filled with 

fine brown pigment granules which obscured the 

nuclei; similar outlying cells were scattered 

throughout the stroma. The tumour cells were con- 

tinuous with the retinal epithelium, so that 

Bruch's membrane ran directly over the growth. 

The cystic forms according to Treacher Collins, 

are due to a separation of the two layers of the 

secondary optic vesicle at the back of the iris, - 

a condition analogous to the detachment of the 

retina further back in the eye. Treacher Collins 

has described several cases, some following injury. 

in one case there was no history of injury or pain. 
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In all probability this cyst was formed by detach- 

ment and distension of the uveal pigment layer. 

Sales and Sinclair have described a case following 

injury. At the pupillary edge of the iris, on one 

side, there was a large cyst formed by splitting 

and distension of the pigment layer. Its base, 

formed by the iris, was about one third of its 

extent, the rest of the wall being composed entire- 

ly of the pigment layer. The cyst was full of 

coagulated albuminous material which also contained 

a quantity of loose pigment. 

General melanosis of the iris occurs frequently in 

association with general melanosis of the eye ball, 

and also with naevi in the eye itself or elsewhere. 

Treacher Collins finds . that thickenings on the 

surface of the iris (which may present somewhat 

different characteristics clinically in different 

cases but which always hide from view the normal 

trabecular network of the surface of the iris) are 

due to hyperplasia of the endothelium on the surface 

of the iris, the cells of which are, as a rule, 

abnormally deeply pigmented. The stroma of the 

iris, beneath this thickened pigmented layer, may 

present nothing abnormal in its structure or pig- 

mentation, but at times groups of spherical deeply 

pigmented cells are situated in it. These Collins 

says are "Clump cells and transitions between 
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branching melanoblasts and these clump cells." 

Ciliary Body. Benign melanomata, in the form of 

pigmented patches, have been described by Foster 

Moore in the ciliary muscle. They consist of 

spheroidal chmmp cells, and cells in transition- 

form between branching cells and cells without 

branches. 

The Choroid. According to Foster Moore innocent 

melanomata of the choroid are frequently overlooked 

on ophthalmoscopic examination or are ignored as 

being simple patches of pigment especially when 

;small. The essence of these growths is that they 

are entirely innocent in nature. They are very 

'likely congenital in origin, or are developed early 

in life, and have no different significance from 

that of a pigmented mole elsewhere in the body. 

They have a characteristic ophthalmoscopic appear- 

ance, having a very characteristic "blue ointment" 

¡colour. They vary in size; the largest seen by 

'Foster Moore was approximately three times the size 

'of the optic disc, but he believes this is quite 

exceptional. They are roughly circular in outline; 

the edge is not sharply cut but somewhat "feathered ". 

They are perfectly homogeneous in texture. The 

retinal vessels, as they course over them, appear 

dark on account of the dark background, but are 

quite unaltered. Foster Moore finds that these 

',growths are usually met with in the posterior part 



of the choroid. He has also come across a pigmented 

patch in the outer layer of the choroid, which was 

composed of rather large spheroidal cells, with 

such an abundance of pigment that their nuclei were 

completely hidden. In addition, pigmented spindle- 

shaped cells were present, arranged in short and 

irregular columns in the plane of the retina. 

The chorio -capillaris was for the most part clear. 

Fuchs found a pigmented patch in the outer part of 

the choroid in a pathological specimen; it was 

composed of spindle cells grouped round vessels; 

the chorio- capillaris and the retinal pigment 

epithelium were sturbed. Treacher Collins 

believes that in histological structure pigmented 

patches of the choroid resemble similar growths of 

the iris. Mulock Houwer describes moles of the 

choroid as being similar to ordinary moles found 

elsewhere in the body. Scott has found an unpig- 

mented choroidal mole, which had the same structure 

as an ordinary mole. 

7 



DISTRIBUTION OF MALIGNANT MELANOMATA. 

7 



DISTRIBUTION OF MALIGNANT MELANOMATA. 

Malignant melanomata have been found to occur 

in all sections of the uveal tract and the retina. 

Their distribution is merely defined in this section, 

without discussion of their sarcomatous or carcino- 

matous nature. 

In the iris, primary malignant melanomata are 

rarely met with They are generally described as 

sarcomata. Tay first reported a case in 1866; 

and other instances have been described by several 

observers since. Parsons finds that they are 

usually pigmented, frequently nodular and always 

very vascular, their vessels being often visible to 

the naked eye. In thirty five cases, the primary 

seat of the tumour was in the lower half of the 

iris; in thirteen in the upper half; in five in 

the inner side; and in two in the outer side. 

Extremely few cases of primary malignant melanomata 

are described as Carcinomata. W. Robertson des- 

cribes a carcinoma of the iris and ciliary body, 

which began in the pigment epithelium. Hirschberg 

and Berinbacher described a spongiform cancer of 

the posterior layer of the iris. 

Secondary malignant melanomata are more common. 

Parsons finds that secondary sarcoma of the iris 

usually arises by continuity, but that it may also 



be metastatic, when it is probably invariably 

brought via the lymph and not the blood stream. 

Multiple local metastases in the iris are not very 

uncommon from sarcoma of the ciliary body. 

Secondary sarcoma by continuity often infiltrates 

the iris diffusely without forming any definite 

tumour. There are several cases on record of 

secondary carcinoma of the iris by continuity from 
a 

metastic growths in the choroid. Some writers 
4 

suggest that the iris is involved by dissemmination, 

and not by continuity or by embolism. However, 

Tonlaut describes a case of metastatic carcinoma 

of the iris, which arose in both eyes after an 

operation for breast cancer. 

Ciliary Body. Primary melanotic neoplasms are 

rarely met with in the ciliary body. They originate 

in the ciliary region or more particularly in the 

ciliary processes. They are described either as 

primary carcinoma or primary sarcoma. 

Primary carcinoma. Treacher Collins reports a 

case in a woman who had received a blow on the eye 

from a fist at the age of thirty six, and who lost 

the sight of her injured eye two years later. 
years 

After a period of twenty seven Treacher Collins 

found a partially pigmented growth, which had 

sprung from the ciliary processes and invaded the 

ciliary muscle and root of the iris. It had 

epithelial tubules, and had partially undergone 
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colloid degeneration. It was found to be a primary 

melanotic glandular carcinoma. Treacher Collins 

has reported other cases of primary melanotic carci- 

noma; one in a girl aged nineteen, and another in 

a woman aged twenty eight. The cells were epithe- 

lial in character, and arranged in a way suggestive 

of glandular structure. Snell reported a very 

extensive intra -ocular melanoma, which was des - 

cribed by Treacher Collins as a carcinoma; but its 

site of origin was difficult to determine. Bodal 

and Lagrange described a primary melanotic carcinoma 

in a child aged eight years. The eye had been 

blind for three years, and had an intercillary 

staphyloma. There were two white nodules close 

together in the ciliary region. 

Secondary carcinoma of the ciliary body occurs 

usually by continuity from the choroid. Parsons 

mentions two recorded cases, viz: by Ewings and 

Abelsdorff. In each case metastatic carcinoma of 

the choroid followed a primary growth in the breast. 

In both cases the ciliary muscle fibres were pushed 

apart by nests of epithelial cells. The ciliary 

processes, especially the anterior ones, were also 

involved, but only to a small extent, the root of 

the iris being also invaded in one of the cases. 

Primary sarcoma. Primary sarcoma of the ciliary 

body is a rare disease. Parsons tells us that it 

is often impossible, both clinically and pathologic- 



ally, to distinguish between peripheral choroidal 

and primary ciliary sarcomata. Fuchs describes 

twenty cases of sarcoma of the ciliary body amongst 

two hundred and fifty nine cases of malignant growths 

of the uveal tract; of these two were non-pigmented. 

Out of eight cases where the origin could be traced, 

four cases arose from the outer layers, two from 

these or from the ligamentum pectinatum, one from 

the ciliary muscle, and one from the ciliary pro- 

cesses. 

The growth of secondary sarcoma of the ciliary 

body arises invariably by continuity from the 

choroid or iris. 

Choroid. Primary melanotic neoplasms have been 

the subject of most investigation, probably because 

of their comparative frequency in the choroid, but 

also because of their greater complexity. In 1863 

Virchow distinguished between melano -sarcoma and 

melano- carcinoma. Knapp describes endotheliomata. 

Subsequent writers described all primary malignant 

growths as sarcomata. 

Fuchs collected all reported cases and published 

in addition reports of twenty two cases of his own. 

Lawford and Treacher Collins collected a hundred 

and three cases from the records of Moorfields 

Hospital. Mannheimer also contributed an exhaustive 

study of these tumours and literature on the subject 
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covering a period of ten years. Parsons divides 

these primary malignant growths into several 

varieties of sarcomata. He believes that they are 

all sarcomata, because there is no epithelium in 

the choroid from which a primary tumour could 

spring. 

Recently, Dawson collected several cases of 

Traquair, Sinclair, Moodie, and Greig, describing 

these primary malignant melanomata as carcinomata. 

Parsons states that primary sarcomata of the choroid 

might conceivably arise from either of the layers 

of the choroid, or from any fixed cells found 

within it. All the layers of the choroid contain 

pigmented cells with the exception of the chorio- 

capillaris. It was therefore a reasonable suggest- 

ion that melanomata originate in the external 

layers, whilst leuco- sarcomata spring from the 

choriocapillaris. Briére first suggested this 

theory. Fuchs finds that most melanomata of the 

choroid spring from Haller's layer, narely the 

layer of large veins where melanoblasts are most 

numerous, some from Sattler's layer - the layer of 

medium-sized vessels - where the melanoblasts are 

not so numerous, and a few from the supra -choroidea, 

where again the melanoblasts are not so numerous. 

Secondary sarcomata. Parsons states that there is 

hno well- authenticated case of metastatic sarcoma of 
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the ehoroid. When cases of secondary growths have 

been reported, the primary growth was usually said 

to have been a congenital naevus on the cheek, over 

the sternum, or in the parotid. 

Secondary carcinoma is not infrequently report - 

ed as being in the choroid. The primary growth 

is generally in the breast. Parsons found twenty - 

four out of thirty one cases where the primary 

growth was in the breast. The left eye is more 

frequently attacked than the right - in thirteen 

out of twenty -one cases (Parsons). This is due to 

the more direct pathway by the left carotid, which 

comes Off from the aorta, the right carotid, on 

the other hand, branching off from the innominate. 

Secondary carcinoma in the choroid must be due to 

embolism; this is supported by the frequency with 

which both eyes are affected. Parsons reports 

eight out of twenty cases. Secondary growths, as 

with primary ones, are most frequently found in the 

posterior part of the choroid. Parsons states that 

the predilection manifested for the posterior part, 

as well as the temporal side, is to be accounted 

for by the distribution of blood vessels. 

Lagrange finds that the short posterior ciliary 

arteries are wider and larger on the outer side of 

the optic nerve. Parsons explains that the rarity 

of the disease is accounted for by the fact that 

the ophthalmic artery comes off at right angles 

Sa. 



from the internal carotid. There is therefore a 

greater tendency for emboli to pass on into the 

cerebral vessels, than towards the eye. Having 

once entered the ophthalmic artery, they pass most 

readily into the posterior ciliary vessels. These 

come off from the ophthalmic artery as two relative- 

ly large trunks, which each divide into four or 

five branches. A case of Lagrange showed malignant 

emboli in an anterior ciliary artery. 

As distinct from secondary sarcomata, secondary 

carcinomata are found to occur in both eyes, and 

are not accompanied by an iridocyclitis. Secondary 

nodules resemble the primary on finer lines, 

though they are not so deeply pigmented as melano- 

mata of primary origin. 

Summing up the distribution of primary 

malignant melanomata in the uveal tract as a whole, 

Parsons states that the disease is of rare occur- 

rence and Fuchs gives the following statistics :- 

Sarcoma of the iris six per cent 

N 

n n n 

ciliary body nine " 

choroid eighty -five per cent. 
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With regard to the eye affected - 

Fuchs.Lawford & Treacher Collins, & Fuchs 

Right eye 108 41 23 

Left eye 101 60 24 

Bilateral 5 

Unknown 45 2 

259 . 103 

Parsons quotes the following table of age 

incidence - 

Ciliary Uveal Tract as a whole 
C3oy 

Fuchs Lawford & 
Collins. 

Parvel. 
ru.chs 

1- 10 

il - 20 

2 

5 

11 

16 

- 

3 

1 

1 

21 - 30 5 19 7 13 

31-40 -9 43 19 11 

41 - 50 11 55 27 19 

51 - 6o 7 55 22 33 

61-70 8 25 16 18 

;71--80 2 10 8 -- 

81-90 -- 1 2 

Unknown - 25 - 



The following are statistics as regards sex : 

Sex Ciliary Uveal Tract as a whole. 
Body_ 
Fuchs 

Fuchs Lawford & 
Collins. 

Parvel 

Men 

Women 

Unknown 

21 

29 

- 

137 

116 

6 

59 

44 

47 

53 

It will be seen throughout that some observers 

describe these melanotic growths as sarcomata and 

others as carcinomata. This depends upon their 

preconceptions. The correct classification will 

be considered later. 

Retina. The diagnosis of primary malignant 

tumours of the retina is rendered somewhat difficult 

because of the preponderance of gliomata. In 

addition, because of the comparative frequency of 

malignant growths in the choroid, tumours origina- 

ting perhaps in the retina are put down as origin- 

ating in the choroid. Parsons quotes a case which 

John Griffiths published, a retinal melanoma, which 

originated in the retinal pigment epithelium. 

Treacher Collins also reported an intra -ocular 

neoplasm which appeared to spring from the retina. 

Rochat is of opinion that secondary growths are of 

extremely rare occurrence in the retina. 
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HISTOLOGICAL STRUCTURE OF MALIGNANT MELANOMATA. 

Classification. Malignant melanomata present great 

diversity in their structure. They may be classi- 

fied in various ways. Borst makes a triple 

classification by reference to cell outline. 

Dawson makes a quadruple classification by reference 

to cell arrangement as follows :- 

(1) Melano - or naevo .-carcinoma, in which 

epithelial-like cells are arranged in alveoli. 

(2) Melano-sarcoma, in which spindle -- shaped 

cells, and, less frequently, round cells give the 

morphological appearance of a sarcoma. 

(3) Melano -endothelioma and perithelioma. 

In the endotheliomatous type, there are sheets of 

large protoplasmic cells which are often arranged 

like the cells in some of the glands of the inter- 

nal secretion. In the peritheliomatous type the 

cells are large and are arranged around a central 

papillary or vascular core. 

(4) Melano- fibrosarcoma. Here the chief 

mass of the tumour is composed of fibro -cellular 

interweaving strands, which give a picture almost 

impossible to explain histogenetically, unless its 

earlier stages can be traced. 

MacCallum,on the other hand stresses the 

difficulty of classification and is inclined to 



cast doubt on all attempts to make one. 

Process of origin. Ribbert held that tumours are 

unicentric, and that they grow by division and 

subdivision of their own cells. Williams agrees 

with Ribberts' view, and says that the wonderful 

reproductive activity of cancer cells enables us 

to understand how a single cell may be the germ of 

a large tumour - even the largest. It is chiefly 

in this, their dynamic aspect, that cancer cells 

differ from normal cells. Dawson found that in 

the advancing margins of many malignant melanomata, 

especially those which showed zones of pigmentation 

fading into normal skin, numerous appearances 

point definitely to the of 

isolated points of origin. 

Process of development. The young.cells of a 

malignant melanoma are at first ovoid or fusiform 

in shape, with a well marked vesicular nucleus and 

nucleolus. These pathological cells multiply like 

their physiological prototypes chiefly by indirect 

nuclear division. According to Williams, the 

similarity extends even to the details of 

karyiokinesis,equatorial plates, achromatic 

spindles etc. In studying pathological neoplasms, 

much importance attaches to the nucleus and nuclear 

changes, for recent biological research indicates 

that the nucleus is specially concerned in regula- 

ting the growth and multiplication of cells. The 
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nuclei of malignant melanotic cells are large and 

rich in chromatin; more than a single nucleus is 

commonly present; and the nuclei often shed their 

chromatin into the surrounding protoplasm, as a 

preliminary to division, whereby the so- called 

giant cells arise. Hypo - and hyper -chromatic 

conditions of the nucleus are frequently met with. 

Asymmetrical and multipolar mitoses also occur, and 

the axis of cellular division is often displaced. 

It was formerly thought that changes of this kind 

were specially characteristic of a cancerous growth; 

but it is now known that similar conditions are met 

with in various inflammatory processes and even in 

,non- malignant tumours. Thus, although the mitosis 

of malignant melanomata is extraordinarily variable, 

no new types are formed; it is merely indicative 

of a high degree of reproductive activity. 

The life of a tumour cell is often very short, 

for it is destroyed by degenerative changes; 

frequently, the nuclei exhibit a curious type of 

vacuolation as the result of mucoid degeneration. 

The tumour cells of a melanoma continue to carry 

on the production of melanin, corresponding to 

'their physiological prototypes. The amount may be 

'difficient in quantity, as secretory cells tend to 

lose their normal functional aptitudes when in a 

state of active proliferation. Waring has demon 

strated that the constituent cells of cancer of 
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the stomach and pancreas produce the same ferments, 

pepsin and trypsin, as the normal secretory cells 

of these organs, and that the amount produced by 

the tumour cells varies inversely with cellular 

proliferation. The young melanotic cells at 

first show little or no pigment, pigment granules 

appearing later. At first few in number and light 

brown in colour, they increase in quantity and their 

colour deepens . During the development of the 

tumour, the cells often extrude their melanin 

which is then taken up by phagocytic cells in the 

neighbourhood. Leucocytes and red blood corpuscles 

have often been noticed between the malignant cells. 

These appearances have been variously interpreted. 

By some they are regarded as evidence of conjuga- 

tion or maturation of the tumour cells; while others 

believe that they are simply signs of phagocytosis. 

With reference to the stroma of malignant 

melanomata, the entire growth frequently appears to 

be wholly cellular with little or no stroma. In 

other instances the stromal network is more in 

evidence. 

The stroma then appears to be well provided with 

various cellular elements; fusiform, stellate, and 

flattened forms, as well as leucocytes, lymphocytes, 

etc. Intraocular melanomata are found to be 

extremely vascular. In the initial stages they 

1 
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appear to be devoid of blood vessels, but soon 

numerous embryonic blood sinusfs are seen appearing 

at the periphery of the growth. 

Distribution according to form. Speaking broadly, 

in cutaneous malignant melanomata, there is often 

an alveolar arrangement like that of_a carcinoma, 

while those in the eye have a morphological appear- 

ance like sarcomata. Considerable variations 

in structure are met with, particularly in malig- 

nant melanomata of the eye. 

Histological structure. Malignant melanomata 

in the iris usually have the appearance of a 

sarcoma. They first small, frequently 

nodular and always very vascular, the vessels 

being visible to the naked eye. Microscopically 

the growth may be diffuse, but it forms almost 

invariably a definite tumour; the infiltrating 

type has been described only as a secondary growth. 

The cells are nearly always spindle-shaped or round, 

lying in a fine connective tissue stroma. The 

spindle cells vary greatly in size and in the 

amount of pigment. Pure round -celled growths, and 

1 those with mixed and round cells are uncommon. 

Karyokinetic figures and cells (with two or more 

nuclei) are almost invariably absent; this is not 

so in the case of sarcomata. Parsons believes 

that this is probably evidence of the slow rate of 

growth, which is further emphasised by a sort of 



pseudo- a1veolation. An alveolar structure is 

often very marked, the cells being frequently 

arranged in rows and whorls, with little inter- 

cellular substance. 

Treacher Collins observes that, in the 

study of melanomata of the iris, the change of a 

simple growth into one that is malignant can be 

observed clinically. He has described two cases 

one of which was certainly, and the other probably, 

preceded by an innocent melanoma. 

Histological Structure. Ciliary body. Melignant 

melanomata of the ciliary body present great 

diversity, like similar growths of the choroid. 

A primary growth in the upper part was described 

by Treacher Collins. Two fifths of the growth was 

unpigmented, and this area was mapped out into 

loculi, suggestive of a glandular type of structure. 

The cells showed signs of hyaline degeneration. 

At the peripheral margin, where degeneration was 

not so extensive, groups of large polygonal-shaped 

cells were seen. The rest of the cells were 

either well marked spindle-shaped cells or round 

cells. Some of them contained pigment granules. 

Three- fifths of the growth (the innermost part) 

was deeply pigmented. The cells composing the 

'pigmented portion were large, and circular or 

polygonal in shape. 
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The pars ciliaris retinae, consists of two 

layers of epithelium; the outer layer pigmented, 

and the inner layer non - pigmented, the cells being 

cubical or cylindrical. Treacher Collins finds 

that new growths starting in the pigment epithelium 

consist not only of cellular membrane with a single 

row of nuclei, but also of cellular tubes. Fuchs 

has described a growth which started in both layers 

of the ciliary epithelium. The cells grouped 

themselves in rows, in tubes, or in atypical 

fashion, but everywhere the essential structure 

was that of epithelial cells without supporting 

tissue. Retrograde changes in many parts obscured 

the typical structure. Nodules were.found in the 

,posterior segment of the eye, growing from the 

pigment epithelium of the retina; other nodules 

were also found in the interior of the eye, which 

were probably local metastases, as no direct 

connection could be traced with the primary focus. 

This melanotic neoplasm had occurred in an eye 

which had been affected with plastic endophthalmitis, 

with formation of bone in the exudate. 

Treacher Collins reported a malignant melanoma 

which originated in the ciliary processes, and 

which invaded the ciliary muscle and the iris. 

It was composed of cells in parallel columns, cut 

in various directions, without any supporting 
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tissue between them, and in some places tubular 

formations. In other parts the cells had under- 

gone degenerative changes; bu +, where the growth 

invaded the ciliary muscle and root of the iris, 

the cells present the typical characteristic of 

the growth, that of a glandular carcinoma. 

Treacher Collins has also reported two malig- 

nant growths in the ciliary body, where an innocent 

melanosis of the iris had been noted previously. 

Overgrowth of the pigment layer of the ciliary 

body, is met with not uncommonly in cases of long- 

standing cyclitis. Treacher Collins showed one 

such case, in which in the ciliary region a 

fibrous membrane had formed, and on the inner 

surface of the choroid a cup of bone. 

Histological Structure. Choroid. b elanotic 

tumours of the choroid, Parsons tells us, generally 

have a typical mushroom shape. They have (1) an 

elliptical base, which may rest on the inner 

layers of the choroid; (2) a broad neck at the 

point where the tumour spreads along the choroid; 

and (3) a globular head, due to growth in the 

vitreus, equally in all directions. The tumours 

vary through many gradations, from practical 

uniformity to great diversity of structural appear- 

ance. 

Uniform Structures. The whole mass of the groin t,hs 
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show typical interweaving strands or bundles of 

cells, which cross in various directions. 

Sometimes the cells may be arranged radially around 

thin -walled vessels, giving a whorled appearance. 

The cells of the so- called spindle- celled 

sarcomata of the choroid vary in size and shape. 

They are spindle- shaped, small, or oval in shape, 

with little cytoplasm. The spindle-shaped cells 

have a fusiform body with branching processes. 

The cells are like embryonic connective -tissue cells. 

They have one large oval nucleus, with ample chroma- 

tin, and one or more large nucleoli. Parsons says, 

the round cells are frequently so called from the 

shape of their nuclei, rather than from that of 

their protoplasm. The cell body is flat and 

irregular, and there is every gradation in size 

passing into large round cells Parsons believes 

these cells are epitheloid in character, with oval 

faintly -staining nuclei, and containing one or more 

nucleoli. 

Diverse Structures. In a tumour which belongs to 

this group we find cells arranged in strands, or 

cells arranged around blood vessels; thus giving 

a so-called endotheliomatous -like appearance, with 

cells arranged in groups or in alveoli. Acton 

finds that often there is no cellular arrangement 

at all, but that the tumour is merely one hetero -- 



geneous mass of cells. Various portions of the 

growth, but generally the peripheral portion, show 

areas of necrosis. In the necrotic tumour- tissue 

Dawson found the cells arranged in clumps. "The 

regularity in cell type and arrangement to the 

assumed cell of origin was very striking ". 

Mulock Houwer also describes the arrangement of 

cells in clumps in the most deeply pigmented, and 

therefore the oldest, portions of a growth. He 

also says that this clumping suggests the origin of 

the tumour, namely from a benign melanoma. Acton 

further suggests that melanomata, which arise from 

benign naevi, usually present a very irregular 

cellular arrangement. The typical alveolar 

arrangement of the mole and the whorl-like arrange- 

ment of the melanotic sarcoma are both lost. 

The cells appear to show extreme polymorphism 

in size and shape. Spindle cells are usually found 

in the strands, polygonal cells in the endothelio- 

matous -like areas, and hexagonal cells in the 

groups, and so on. The cells are generally deeply 

pigmented; some of them showing a clear and deep 

nuclear framework and one or two nucleoli. The 

tumour cells as a rule are uni-nucleated; but 

multi -nucleated and giant -cell forms occur, 

especially in the rapidly proliferating types. 

Between the extremes which have been noted 
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lie many intermediate cases. 

Presence of two classes of cell. In all these 

tumours there are two sets of cells - 

(1) Those which reproduce tumour cells and at the 

same time manufacture pigment. 

(2) Those cells which acquire pigment by phago- 

cytosis. The similarity in appearance of these 

two types of cells is often great, more especially 

when melanoblasts wander by amoeboid movement 

away from their cell columns and in cutaneous 

growths come to lie in the corium. Dawson stated 

that, while melanoblasts are generally fusiform in 

shape and possess branching processes, phagocytic 

cells are generally rounded in form. 

Presence of two types of pigment. In addition to 

two types of cells, two kinds of pigment are 

present in malignant melanomata viz:, melanin 

and haematogenous pigment, the latter due to blood 

extravasations. 

Pigmentation of these melanotic tumours. In 

advanced growths, there may be extensive areas of 

necrosis alternating with more or less extensively 

pigmented areas. In some tumours pigmentation may 

be general or diffuse; while in others pigmenta- 

tiorl occurs in certain areas arid is absent or 

nearly absent in others. Mulock Houwer says that 

he examined fifty -seven eyes with malignant 
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melanomata, and the pigmentation in these tumours 

was as follows :- 

Diffuse or irregular pigmentation - - - 24 cases 

No pigmentation 4 cases 

Pigmentation chiefly at the borders - 29 cases 

Mulock Houwer believes that the deeply-pigment;- 

ed areas suggested the site of a, preceding pig- 

mented innocent mole. Treacher Collins states 

as a kno wn fact that they often present different 

degrees of pigmentation in different parts. 

Treacher Collins believes that the reason of the 

non - pigmentation of certain portions of such 

growths was because they were of more recent and 

rapid growth, and because the newly -formed cells, 

which grew quickly, did not become pigmented so 

readily. 

Intercellular tissue. The amount of connective 

tissue forming the stroma and the intercellular 

substance varies in amount according to the type 

of growth. Thus tumours which present great 

diversity in their histological structure may 

show little or no stroma, but the intercellular 

substance may be very closely related to the cells. 

In tumours which show an alveolar formation or 

cell groups, fibrous tissue forms the septa by 
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which the individual alveolus or group is defined; 

but the connective tissue very rarely passes 

between the individual cells. 

Blood supply. Malignant melanomata of the . 

choroid are always very vascular. The newly 

formed vessels according to Parsons, are single 

endothelial tubes with a very wide lumen. Other 

blood channels are common, possessing no proper 

wall, being bounded only by the cell growth. 

Then the distribution of thin- walled vessels 

and blood spaces is very pronounced, the tumours 

appear cavernous and are called cavernous or 

telangiectatic. Parsons however believes that 

they do not represent a definite type. 
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VARIATIONS OF HISTOLOGICAL STRUCTURE OF 

MALIGNANT MELANOMATA . 

The histological appearance of melanomata 

whether benign or malignant is, as we have seen, 

extremely varied. Thus some observers have been 

led to describe them as sarcomata, others as 

carcinomata, and others as endotheliomata etc. 

But this wide variation of appearance affords no 

guide to the problem whether the growths are or 

are not epithelial in origin, as the cells forming 

the growths have a power of undergoing change and 

are in fact changed or in the process of change at 

the time of observation. 

The power of change is widely recognised. 

In the main it has been assumed to take two forms, 

viz: anaplasia, a morphological reversionary 

change in individual cells or cell groups and 

metaplasia, a morphological change in a cell 

which enables it to function as a cell of a 

related genetic type. 

Some supporters of the epithelial nature of 

all melanomata account for the presence of a 

connective tissue type by a further and more 

radical power of change viz: desmoplasia, i.e. 

a morphological change in an epithelial cell which 

enables it to assume the functions of an unrelated 

cell type, i.e. the connective tissue type. 



Anaplasia. In the ordinary course of development 

cells become changed in shape, size, and character, - 

in other words they differentiate 
. and thus form 

various tissues and carry out specific functions. 

Cell proliferation is limited by differentiatiàn. 

Hansemann gives the term anaplasia to a change, 

produced by a stimulus, which makes a cell lose 

its differentiated form, and assume a more embryonic 

state, where upon it forms a growth. He says there 

is something inherently abnormal in the cell, 

which causes it to become anaplastic< The same 

stimulus acting on a normal.. cell would cause hyper- 

plasia and not a tumour. The greater the reversion 

of the cell to its embryonic state, the greater is 

the variation in cell type and structure found in 

in a tumour and the greater its malignancy. 

Adami adds that the mere existence of immature 

cells, or cells that have passed from a different- 

iated form, is not enough. Cells must assume a 

habit of growth and lose the habit of function 

before they can originate a neoplasm. 

If new cells be placed so that no function is 

demanded of them or permitted to them, while they 

continue to gain nourishment, they remain vegetative, 

or become vegetative and acquire a habit of growth, 

simultaneously losing the habit of function. 



Nicholson carries Hanseman.n's conception a stage 

further viz: that during development, a balance is 

maintained in the harmonious interactions of all 

parts of the body, that is a balance of normality. 

Thus the number of changes, all potentially possible 

at all times, is regulated. When the normal balance 

is upset, the cells react in many ways. The extent 

and direction of these changes are again limited by 

the new abnormal equilibrium that has been estab- 

lished. One kind of reaction is proliferation at 

the expense of differentiation. The cells as a 

1whole become less stable and approach once more 

an embryonic condition. They do not return to a 

completely undifferentiated embryonic state;- they 

;become so modified that they merely continue to 

¡grow and divide, and then they differentiate anew. 

The lines of re- differentiation are in agreement with 

the previous degree of de -- differentiation. The 

irregularity in size and type of nucleus depends on 

the degree of malignancy. Epithelial cells may 

thus give up their epithelial habit, acquire amoeboid 

properties and become polymorphic or spindle -shaped. 

Walker's account is as follows:- The bodies 

of multicellular animals are built up from the cells 

derived from a single cell, the fertilised ovum. The 

earlier generations of cells are all very much alike. 

It is only when the embryo has advanced to a con- 
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siderable extent that the different groups of cells, 

destined to form the various tissues of the body, 

begin to differ in shape, size and other characters, 

that is, they differentiate. When the body is 

completely formed, it contains within it cells 

greatly differentiated, bearing, but little resem- 

blance to each other and to the ovum from which 

they are derived. 

In the higher animals, after differentiation 

has taken place, the cells are incapable of pro- 

ducing any cells but those similar to themselves. 

As we go lower in the animal kingdom, we find, that 

the cells that have become highly differentiated 

possess more and more the power to produce cells 

which are unlike themselves. A remarkable instance 

of this is afforded by some experiments upon the 

eyes of salamanders and newts. The earlier genera- 

tions of cells produced from the fertilised ovum 

are arranged in two layers, the epiblast and the 

hypoblast; later on a third group is produced be- 

tween these two layers, the mesoblastic cells. Now 

the crystaline lens of the eye is produced from an 

ingrowth of epiblastic cells, which are very highly 

differentiated, being flattened and transparent, and 

quite unlike any cells produced from the mesoblast. 

But if the lens be removed from the eye of the 

salamander or newt, a new lens is produced from 

mesoblast and not from epiblastic cells. 



As we approach the lowest multicellular 

animals, we find this general potentiality retained 

in greater force and the whole body may be produced 

from a half or even a smaller part, as in planaria 

or hydra. In plants, even in the later stages of 

evolution, this potentiality is often retained in a 

high degree.,. 

In higher animals, we have noted that, after 

differentiation has taken place, the cells are in- 

capable of producing any cells but those similar to 

themselves, In these organisms it would appear 

that, when cells pass out of somatic co- ordination 

while still remaining connected with the body in 

which they occur, they continue to multiply and 

behave to some extent as independent organisms, 

though they no longer possess the capacity of under 

going differentiation. In a malignant growth, 

which occurs only in vertebrates, it seems probable 

that the behaviour of the cells forming the malig- 

nant growth, after having passed out of somatic co- 

ordination, is due to a diminution of the general 

powers of undergoing differentiation. The earlier 

the cells are thrown out of somatic co- ordination, 

the less differentiated they are, and the greater 

the potentialities they possess of developing along 

different lines; and thus the cells of the malignant 



growth may assume such extreme variations in cell 

type and structure. 

Bog,erWilliams also approaches the problem from a 

similar angle. In higher animals, after different- 

iation of the germinal layers, cells subsequently 

arising can only develop certain tissue structures, 

namely those which are normally derived from the 

germinal layer whence :theÿ'-'origi -ate; thus deriva- 

tives of the epiblast always remain within this 

type and never originate mesoblastic structures and 

vice versa. In the development of tumours, the 

same law is observed. There are among these forma - 

tions no transitions from one tissue type to 

another. From these considerations, it follows 

that the physiological prototype of a tumour is to 

be found in the various organs and tissues of the 

body, as they are formed after differentiation of 

the germinal layers, whether in post - or prenatal 

life. 

The precise period of time, at which tumours 

may originate is subject to wide variations and 

this entails in the resulting neoplasms correspond- 

ing diversities. The tumours, however, are never 

of such a diverse nature as not to present some 

analogy with the normal structure of the part from 

which they originate, either in its embryonic or 

post- embryonic state. The shape and size of the 
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constituent cells and their grouping are influenced 

also by the locality in which they occur. 

Metaplasia,- the transformation of one tissue or 

cell into another tissue or cell of a related type 

capable of functioning,is a doctrine which was 

countenanced by Virchow. Williams says that 

metaplasia, because it ignores the specificity of 

the tissue elements, must be rejected. 

Adami and McCrae adduce analyses to show that 

true metaplasia is not a new process. Bone arises 

in the foetus from mesoblastic cells; even in the 

adult, the future bone corpuscles in delayed Union 

may be actually converted into connective tissue 

cells. In foetal life it is environment and 

relationship to the vessels that lead certain 

mesenchyme cells to become osteoblasts and marrow 

cells. Why may not the same reason be in existence 

later? A difficulty does present itself in the 

idea of fully formed cells of one order becoming 

directly converted into cells of a different type. 

But this does not happen. Metaplasia is not direct; 

it follows a preliminary reversion of a cell to a 

vegetative type. 

Dawson, said that the series of epithelial 

transformations, which the epidermal cells of 

melanomata assume, have been loosely termed 

metaplasia, and that this term is applicable in 

the sense that the transformations are due to a 



reversion to a less differentiated cell type, and 

then to a re- differentiation. But metaplasia 

almost cónnotes a functioning tissue, whereas the 

tumour masses of the melanomata, in their varied 

transformations, cannot be regarded as composed 

of completely differentiated functioning elements. 

It is true that in the case of these malignant 

growths, the vegetative function has by no means 

completely inhibited their functioning capacity to 

produce melanin, but more than that cannot be said. 

Desmoplasia. Kromayer finds that there is a true 

genetic relationship between epidermis and cutis, 

and that the cutis grows, not by-proliferation of 

its own cells, but by the deposits of cells from 

the epithelium. Cells break off from the epidermis 

and become displaced in the connective tissue. 

These cells ( Bläschen cells) form connective tissue 

cells. This occurs not so much from the loss of 

their epithelial character, as from their assunp- 

tion of the connective tissue cell character and 

function,- producing binding fibrillae. To this 

process of transformation he gives the name 

desmoplasia. Krompecher agrees with Kromayer's 

theory. He finds that in lower animals there 

occurs a direct transformation of epithelium into 

connective tissue. He disagrees with Schuberg's 

assumption that the relation between epithelium 
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and connective tissue in lower animals arises in 

consequence of a secondary union between connective 

tissue cells and epithelium. 

As regards Benign Melanomata, Unna stated that naevus 

cells are of epithelial origin because the cell 

columns and groups have no intercellular substance. 

Soon, however, the cell columns and groups were 

found to be bound together by delicate fibrillae 

or homogeneous substance. This discovery led 

certain observers to believe that naevus cells are 

accordingly connective tissue cells. Kromayer 

traced the origin of naevus cells to epithelium; 

and believed that the epithelial cells had by the 

process of desmoplasia become transformed morpho- 

logically into connective tissue cells and also 

that many assumed their function of producing 

intercellular fibrils. The period of desmoplasia 

of a single cell, he reckons, is not in days but 

in weeks and months. Therefore the structural 

character of the transformed epithelial cell (naevus 

cell) depends on the stage of the desmoplastic 

process and accounts for the great diversity in 

type and arrangement of the cells. 

In a previous section it was noted that a 

quiescent naevus undergoes fibrosis. As the naevus 

cells atrophy, the intercellular substance becomes 



more evident, and finally there is a complete re- 

placement of the cell- columns and groups by fibrous 

tissue. Again, this formation of fibrous tissue 

is traced to the transformed epithelial cell 

( naevus cell) becoming a functioning connective 

tissue cell. Dawson states that, though the 

appearances suggest convincingly that the connective 

tissue fibres have been dissociated first by the 

naevus cells, he finds that there is no evidence 

that the naevus cells have taken any active share 

in their formation, and the pyknotic character 

of the nucleus in these areas is against the 

assumption of their fibroblast character.. 

In Malignant Melanomata, especially the two groups 

of cutaneous tumours - (melano- fibro- sarcomata 

and fibro- sarcomata)- the presence of fibrous 

tissue and spindle -shaped cells is believed by 

Kromayer to be due to the transformation of 

epithelial cells by desmoplasia into connective 

tissue cells. Dawson described in these tumours 

two phases of development which run concurrently, - 

one a commencing malignant process in the original 

naevus cells of the corium, the other a genetic 

process in the epidermis. All stages of transi- 

tion could be followed between the naevus cell 

groups with round or oval nuclei and little 

cytoplasm on the one hand, to definite strands of 
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spindle -shaped elements and intercellular substance. 

In this description of the transformation of 

epithelial cells to spindle cells indistinguishable 

from connective tissue elements, Dawson is not in 

agreement with Kromayer that the epithelial cells 

have undergone desmoplasia and have become connect- 

ive tissue cells. He believes that the epithelial 

cell is capable of undergoing extreme morphological 

differentiation under certain conditions of growth 

and environment. 

Krómpecher finds evidence of desmoplasia also in 

mixed growths. He states that in mucous or 

hyaloid cancer of the skin and of the parotid, 

and in carcinoma -- sarcomata, there occurs a 

transformation of epithelium into connective tissue 

and therefore of carcinoma into sarcoma. He 

does not agree with Herxheimer that a mixed growth 

in man is produced by a sarcomatous_ change, which 

develops secondarily in the stroma of a carcinoma. 

He states that the similar morphological structure 

of the cells is against the view that it is a 

primary malignant change in the epithelium, and a 

secondary malignant, change in the stroma. Regard- 

ing the conditions regulating the transformation of 

epithelium into connective tissue and of carcinoma 

into sarcoma respectively, Krompecher recognised 

in the first place the increased capability of 



epithelium to proliferate, and secondly a certain 

elasticity or plasticity of the stroma. These 

conditions are present during the embryonic life 

of lower vertebrates, and in cases of mucous and 

hyaloid cancers, etc. Ile states therefore that 

it is understandable that a transformation of 

epithelium into connective tissue and of carcinoma 

into sarcoma is to be expected only in such cases, 

and that it is absent in normal or pathological 

conditions where these phenomena, (increased 

capability of proliferation of the epithelial cell 

and plasticity of the stroma), are absent. 

The views of Kromayer and Krompecher are not 

They have been criticised 

by Frischer, Kettle, Dawson and others. 

Albert Frischer examined the question of 

desmoplasia by experimental methods. The inter- - 

action of fibroblasts belonging to a ten year old 

strain, and epithelium of a three months old strain 

were placed side by side in a culture, allowed to 

grow in close proximity for several passages, and 
showed:- 

submitted to several processes.These experiments ,\ 

(a) that epithelium, cultivated for two months 

in vitro, retained its morphological 

characteristics which differed decidedly 

from those of fibroblasts, 



(b) that the two cell types possess different 

chemical characters which are brought out 

by the differential stain of Van Gieson, 

and 

(c) most important of all, that no part of the 

section showed an amalgamation of the two 

cell types. 

Kettle is entirely against the theory of 

desmoplasia. He believes that no actual physiolo,i- 
i 

cal transformation of the epithelial cell into 

connective tissue form takes place, but that the 

malignant epithelial cell possesses such extraord- 

inary powers of polymorphic growth, that it may 

undergo such alteration as to become morphologically 

indistinguishable from the connective tissue cell. 

This power, he believes, accounts for the variations 

in the histological structure of malignant melano- 

mata, of carcinoma produced experimentally, and of 

reported cases of carcinoma - sarcomata. 

With reference to the propagation of carcinomata 

in the mouse, he writes that some carcinomata are 

producer: which may possess such extreme powers of 

polymorphic growth that their cells, losing all 

traces of their epithelial origin, nay become indis- 

tinguishable from connective tissue growths. Were 

it possible to study the growth of these tumours 
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experimentally w ith human material, dob_tful points 

might be cleared up. since this is impossible, 

it must be realised that conclusions drawn from 

the study of human tumours should be much more 

critically examined before they are accepted than 

those arrived at from the study of experimental 

tumours which can be observed under enormously more 

favourable conditions. Further, in mixed growths 

produced in the laboratory, human tumours differ 

from experimental ones in that their constituents 

are in juxtaposition rather than in combination. 

Amon the large number of tumours which have 

passed through his hands for a period of twelve 

years, Kettle says that some from their complexity 

may be regarded as mixed tumours. However, it is 

exceedingly rare to find a true mixed or double 

tumour, where the carcinomatous and sarcomatous 

elements are so closely blended that it is im- 

possible to separate them. Herxheimer reported 

such a tumour which occurred in the oesophagus. 

On analysis of the reported cases of mixed tumours, 

Kettle points out that a suspiciously high propor- 

tion of the cases have occurred in the. thyroid 

gland and the uterus, from which organs tumours 

are generally known to present unusual features. 
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SPREAD OF 

MALIGNANT TELANOMATA. 
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SPï.EAD OF CUTANEOUS 

I,,iALIGNANT MELAN0MATA. 

Skin. 

Before dealing with the spread of malignant 

intra- ocular melanomata, it is proposed to give in 

some detail the spread of these growths in the 

skin. They may spread by permeation and direct 

extension or by lymphatic paths or by the blood 

stream. 

(1) Spread by permeation and direct extension. 

Handley observes that the process of permeation is 

largely mechanical, and a spread round a given 

focus is chiefly determined like that of an injec- 

tion fluid along the lines of least resistance. 

He finds that malignant melanomata and breast 

cancer show an identity in the mode of spread by 

this process of permeation. 

In the spread of permeation in breast cancers, 

Handley found that tree distinct zones could be 

discerned round the primary growth :- 

1) The most distal zone. The zone of fascial 

permeation where the permeated fascial 

lymphatic plexus forms the "microscopic growing' 
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edge ". The cancer cells are only found in 

the interior of the lymphatic vessels, and 

they occur exclusively in the plane of the 

deep fascia. 

2) Within this region is the zone in which there 

is an inflammatory reaction - lymphatic leuco- 

cytosis and fibrosis. In this zone the cancer 

cells are seen spreading along the fine 

tributary lymphatics upwards towards the skin 

and downwards into the muscles and originating 

nodular metastases in the lymphatic capillary 

areas of these layers. 

3) Nearest to the primary growth comes a third 

zone. Here all or most of the permeated 

lymphatics, strangled by their newly -formed 

envelope of fibrous tissue, have entirely dis- 

appeared. Therefore in this area the only 

cancerous foci are isolated nodules, becoming 

larger and invading the tissues to an increas- 

ing depth until the primary growth is reached. 

If melanotic growths spread by permeation, one 

would expect round the original focus of growth the 

same three zones. Handley found that the same 

three zones could be discerned in melanotic 

malignant growths. 

1) The zone of fascial permeation, represented by 

small black lines and dots, upon and just over 



the deep fascia. The minuteness of the black 

lines indicates that the lymphatics have been 

recently invaded and have not been affected 

by the growth within them. 

2) The zone of inflammatory reaction. In this 

area there is primary evidence of perilymphatic 

fibrosis, the process which destroys permeated 

lymphatics. This is indicated by some of 

the black lines being "vague ". 

3) The zone nearest the primary growth - or the 

zone of isolated nodules. Here there is a 

disappearance of lines and dots which indicate 

fasciai permeation. The large nodules are 

not isolated. There is also a network of 

coarse black lines still present. This net- 

work consists "not of permeated lymphatics 

but of blood vessels filled by growth ". 

Spread by lymphatic paths. Dissemination by 

lymphatic paths is initiated by access of malignant 

cells to the fine lymphatics. This is followed 

by the centrifugal,,spread by permeation along the 

main lymphatics plexus, into which the primary 

growth pours its lymph, and by secondary permeation 

of small tributaries of this plexus. 

Embolic invasion of the regional lymphatic 

glands occur -, and Around this fresh focus another 

centrifugal spread supervenes. This centrifugal 
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spread, according to Handley, occurs primarily and 

most extensively in the deep fasciai plexus. 

Handley observes that invasion of skin and muscle 

is due to upstream permeation of the lymphatics 

which carry lymph from these layers to the fascial 

lymphatic plexus. 

Spread by the blood stream takes place by peri- 

vascular tissue or by embolism. 

(a) By perivascular tissues. Borst first 

showed that malignant melanomata have a tendency to 

spread along perivascular tissues immediately out- 

side blood vessels. Borst offered an interesting 

explanation. He believed that blood is essential 

for the production of melanin. Therefore the 

tumour cells, in order that melanin may be formed, 

are attracted to the blood vessels by a process 

of chemiotaxis. 

(b) By embolism, Visceral metastases, which 

occur are due to emboli carried in the blood 

stream. 

Dissemination of malignant melanomata and 

carcinomata. In the processes of dissemination 

of malignant melanomata we have just traced that 

there occ =permeation of the lymphatic vessels 

and plexuses, invasion of the regional lymphatic 

glands, invasion of the blood stream either by 

infiltration of the vein walls (from comitant 



permeated lymphatics) or by tumour cells travelling 

via the thoracic duct'. Up to this stage Handley 

who believes that melanomata are sarcomata states 

he finds that the processes of dissemination are 

essentially identical in carcinoma and malignant 

melanoma. Later, however, he finds that dissem- 

ination in the two types of neoplasms develops 

along different lines. In carcinoma lymphatic 

permeation, aided by the escape of cancer cells 

into the serous cavities, usually remains to the 

end the main agent in producing secondary growths. 

In the later stages of malignant melanoma, 

lymphatic permeation recedes into the background 

and universal deposits result from blood embolism. 

Handley ascribes this difference in dissemination 

to a difference in structure of the respective 

tumour cells. He believes melanomata to be 

sarcomata. He says that the blood stream in- 

variably destroys epithelial cells and not meso- 

blastic cells. Therefore he concludes that the 

spread bi the blood stream hardly, if ever, occurs 

in carcinoma. 

Distal Metastases, Visceral and Glandular. 

Secondary growths usually occur in the regional 

lymphatic glands and also in the viscera. They 

are due to emboli carried by the lymph and blood 

streams. 
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Subcutaneous Nodules. Handley and Dawson both 

came across cases where numerous subcutaneous 

nodules occurred in a case of malignant melanoma 

of the heel. In Handley's case, it is interest- 

ing to note that all these subcutaneous nodules 
side 

occurred in the same ee3 :e of the body as the 
primary growth. He says the distribution of 

these subcutaneous nodules is inconsistent with 

an embolic origin, and suggests that the only 

possible explanation of their origin is a process 

of local spread from point to point. Dawson 

suggested that the subcutaneous secondary growths 

in the case under his observation were due 

probably to a blockage of the perivascular 

lymphatics in the deep subcutaneous fat close to 

the deep fascia. 

Regional Metastases. Secondary skin nodules 

have been observed round a primary focus and 

also around an invaded gland. 

Eye. 

Spread by permeation and direct extension. Iris. 

A malignant melanoma starting in the iris grows 

very slowly for a time. There is at first no 

iritis, and inflammatory reaction is always 

slight, until secondary glaucoma supervenes. 



The tumour grows more quickly in the later stages. 

Then a primary growth breaks through the root of 

the iris, it presses forward into the anterior 

chamber, so that its surface is directly washed 

by the aqueous humour. The ligamentum pectinatum 

then becomes infiltrated with tumour cells which 

are brought to it by the aqueous humour. Also on 

the anterior surface of the iris similar deposits 

of detached tumour cells may form. These lead to 

a more diffuse infiltration of the anterior 

membrane of the iris without actually producing a 

tumour. In addition to the invasion of the 

ligamentum pectinatum, the tumour cells infiltrate 

the ciliary body and the walls of Schlemm's canal. 

The whole anterior chamber may be filled by the 

growth. The walls of the globe may be perforated. 

The cells grow along the perforating anterior 

ciliary vessels, and appear externally upon the 

anterior part of the sclerotic, and therefore, 

as Parsons shows, unlike tubercle of the iris, 

somewhat posterior to the limbus. Early and 

extensive involvement of the ciliary body makes 

it difficult to determine the starting point of 

the disease. Lateral and posterior dislocation 

of the lens often occurs, especially in growths 

starting in the posterior layers. Detachment of 

the retina occurs only in the later stages, and 



is naturally posterior to the growth. 

Ciliary Body. A malignant melanoma starting in 

the ciliary body grows almost exactly like one of 

the choroid. Parsons shows that the anatomical 

relations of the part lead to slight difference. 

It usually forms a rounded projection into the 

vitreous, and usually does not assume the mush- 

room shape which is so characteristic of tumours 

of the choroid, partly owing to the splitting up 

of Bruch's membrane. When the tumour starts in 

the anterior part of the ciliary body, and in 

the later stages of growth if it starts further 

back, it invades the posterior chamber, pushing 

aside the lens and pushing forward the iris. 

Where the lens is merely pushed aside or distorted, 

its nutrition is interfered with, and it becomes 

opaque. The lens capsule, like all hyaline 

membranes, offers great resistance to invasion, 

and is very rarely broken through; thus involve- 

ment of the lens in the growth is very rare. 

Lawford, however, reports such a case. The iris 

as we have seen is often pushed forwards. It 

is infiltrated by tumour cells and may become 

embedded in the growth. It is often pushed 

inwards, so that the growths appear at the angle 

of the anterior chamber. The whole anterior 



chamber may thus become involved. Epibulbar ex- 

tension, according to Fuchs, takes place along 

the anterior ciliary vessels, especially the 

veins. 

Choroid. A malignant m*lanoma which starts in 

the choroid at first tends to grow inwards towards 

the vitreous space, pushing the retina before it. 

Detachment of the retina occurs at the site of 

the tumour. In consequence of the disturbance of 

circulation in the choroid produced by the growth, 

an accumulation of fluid takes place between the 

choroid and the retina. This leads to further 

detachment of the retina, the area of detachment 

being greater than the area occupied by the tumour. 

Finally, complete detachment of the retina occurs. 

The tumour increases in size and breaks through 

the sclera in its anterior or posterior division, 

and the tumour cells grow out along the points 

where the blood vessels (anterior or posterior 

ciliary vessels of the versa vorticosa) and the 

ciliary nerves penetrate the sclera, or more 

rarely along the optic nerve or its sheaths. 

Where the tumour breaks through the anterior 

division of the sclera, dark hard nodules are 

seen to develop in the cornea. If, however, the 

tumour first grows through the sclera posteriorly, 
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the nodules are invisible and only give evidence 

of their existence'by the gradual increasing pro- 

trusion of the eye -ball, When the tumour has 

broken through the envelopes of the eye, thus 

freeing itself from the restricting influence of 

the intra- ocular pressure, growth takes place very 

rapidly. First, the orbit is entirely filled, 

and then the tumour projects from the orbit. 

From the orbit, the growth spreads to the neighbour- 

ing parts, particularly the brain. 

Small portions may break loose from growths 

of the posterior parts of the uvea, which is not 

directly washed by the aqueous humour. Only if 

the tumour has broken through the overlying 

retina does one find small black points in the 

vitreous. This, however, does not usually occur, 

because the retina relaxes before the tumour, and 

the tumour does not come in contact with the 

vitreous humour. 

The space between the choroidal layers con- 

tains the capillary vessels, and the relaxed 

retina appears to offer favourable conditions for 

the spread pf the growth. 

Many tumours found at the posterior pole, 

according to Mulock Houwer, originate externally. 

At that part of the sclera, the ciliary vessels 

are most plentiful; the pigmented perivascular 



and perineural tissue is more abundant than at 

any other part of the sclera, except the ciliary 

region, and the way to reach the choroid is made 

more easy. 

Spread by Lymphatic paths. Iris. Local 

dissemination takes place by means of the aqueous 

and lymph streams and, according to Parsons, not 

by way of the blood. 

Ciliary body. Parsons finds that there is 

usually continuity along the perivascular lymph 

spaces, but the most exhaustive investigations 

may fail to trace any continuity; for example in 

a case reported by Groenouw the cells were 

carried by the lymph stream 

Choroid. Writing on "Flat Sarcomata" of the 

choroid, Parsons says these are tumours in the 

tissue but not of it. He finds that they spread, 

subject only to the physical conditions of 

resistance. The opposing forces are least in the 

angle of the anterior chamber, and along this they 

progress. When epibulbar extension occurs, it 

takes place along the perivascular lymph spaces of 

the anterior perforating vessels. However, the 

lymphatic paths are not the principal agents in 

the spreading of intra- ocular melanomata, as they 

are in melanomata of the skin. 

Spread by perivascular and perineural tissues. 

There is a tendency in the eye, as in the skin, for 
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tumour cells to follow the lines of least resist- 

ance and they follow the paths already mapped out 

for them by vessels, nerves, etc. 

Spread by the Blood Stream. The dissemination of 

cutaneous melanomata by the lymphatics, and only 

subsequently by the blood vessels, has been 

regarded as strong evidence in favour of the 

carcinomatous nature of melanomata. In the same 

way, the fact that intra- ocular melanomata spread 

primarily by the blood stream has been taken as 

evidence against their being carcinomatous. This 

view, however, seems to overlook important con- 

siderations. Melanomata of the eyes occur 

chiefly in the choroid, and if three -fifths of it 

is composed of blood vessels, thus it appears 

obvious that the blood stream is the natural 

main channel for the spread of the tumour. 

Also Handley, when considering general dissemina- 

tion by the blood stream in cutaneous melanomata, 

noticed that, although arteries and veins both 

run in close continuity to lymphatic vessels, 

lymphatic permeation is followed by infiltration 

of the walls of the veins first and later of the 

arteries. This might be explained by the com- 

paratively thin structure of the vein walls. 

Therefore, in the layer of the large vessels of 

the choroid (which we see consists largely of 



veins and where malignant melanomata frequently 

arise) , general dissemination by the blood stream 

readily occurs. The importance of invasion of 

the veins with regard to preliminary and systemic 

dissemination is obvious. 

Metastases. Distal. In intra-ocular melanomata 

secondary growths are most usually met with in the 

liver, and next the lung. Melanuria associated 

with renal invasion may also occur, and metastases 

in these remote organs arise through embolism. 

Detached tumour cells circulate in the blood stream, 

and come to rest in some other part of the body 

and develop into independent tumours. 

Such secondary growths may develop at once or 

after a long period of time. 

Metastases.- Regional. Parsons states that when 

the primary growth is in the iris, sometimes several 

tumour masses may occur. in the same iris ;this is 

'probably due to local dissemination by the aqueous 

and lymph streams, and not by way of the blood. 

Multiple local metastases in the iris are not very 

common in sarcoma of the ciliary body. Secondary 

,growths occurring in the ciliary body are invariably 

by continuity from the choroid and iris. 

Small secondary nodules may be -met with 

on the outer surface of the retina, or inside the 

zs 



outermost layers of the retina; but local 

metastasis in the retina which usually occurs in 

glioma, is of rare occurrence. 

The choroid itself is rarely, if ever, attacked 

by local metastases. Rochat refers to a case of 

Velhagan, where a secondary nodule developed in the 

choroid quite near the primary focus. Rochat says 

if two neoplasms are met with in the choroid, a 

very rare occurrence, one must consider whether one 

is not rather dealing with two primary tumours 

developing simultaneously. Rochat came across 

such a case, where two malignant melanomata occurred 

in the choroid at the same time. A patient, forty 

years of age, had noticed two years previously a 

glimmer before the left eye. The doctor called 

in found a small grey patch in the retina, the sig- 

nificance of which could not be clearly determined. 

As, on closer examination the patient gave signs of 

tuberculosis of long standing, the patch was taken 

to be a tuberculous area of the retina, and the 

patient was ordered several months' rest. During 

this time the patch underwent no material alteration 

and the glimmer gradually grew better. After a 

short time, however, the glimmer began again, and 

a second quite similar patch was discovered, but 

at a considerable distance from the first. Rochat 



who was consulted found that to outward appearance, 

the eye was normal with normal vision and clear 

media. About two papilla widths on the temporal 

side, above the papilla, was a somewhat irregularly - 

shaped whitish round patch of over a papilla's 

breadth in diameter. (Vide diagram.) Above it 

ran two retinal blood vessels, in clearly marked 

curves. The upper surface 

showed several irregular 

rather darker specks. It 

did not project above 

the surrounding normal 

part of the fundus. 

Below, on the temporal 

side, there was a second quite similar patch, at 

about the same distance from the papilla. Apart 

from these two patches, separated one from the 

other, the fundus was quite normal. In the 

field of vision two absolute scotomata correspond- 

ing in their position with the patches. 

For some eighteen months the condition 

remained unchanged, but then the eye having 

become painful and red and the vision misty, the 

eye was removed. Dissection revealed two quite 

flat roundish tumours, of almost similar size, 
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o mms. in diameter. At their nearest point to 

each other they were 11 mms. apart. Their greatest 

thickness was barely 1 mm.; at the edges they 

gradually became quite flat, merging with the 

surrounding surface. The retina completely covered 

them. 

Microscopic examination showed them to be both 

of the same structure, with slight pigmentation. 

In the centre the choroid was entirely replaced by 

sarcomatous tissue; at the edges the tumour pro - 

jected in the form of a thin wedge into the outer 

layers of the choroid ors. The hyaline coat 

of the choroid was intact throughout; but, above 

the centre of the tumours, the pigment epithelium 

had developed into flat folds, lying one on top of 

the other. At these points the retina had degen- 

Herated, and had grown solid with the underlayer by 

means of a glassy substance, probably the hyaline 

coat, newly formed by the proliferating pigment 

epithelium. Otherwise the retina, overlying the 

tumours of a wide area, was shown to have remained 

fairly normal. 

In the interior of the tumours were several fairly 

wide blood -vessels which however possessed a clear 

endothelial stratum. 

There were present therefore two similarly 



constructed, almost similar sized, extremely slow - 

growing spindle -cell sarcomata. In the area of 

11 mm. separating the two, the choroid and retina 

were in absolutely normal condition. After analy- 

sis of the relative facts Rochat dismisses the 

possibility of the second growth being a metastasis 

and concludes that two separate and independent 

malignant melanomata existed. 

It may be added that intra- ocular melanotic 

neoplasms show a phenomenal latency in the develop- 

ment of metastatic growth. Spencer suggests 

that it is possible to imagine that cells detached 

from a melanoma that is still benign may pass into 

the lymphatics and blood to lodge in the liver. 

There these cells may remain dorirant, yet continuing 

to degenerate until the development into cancer. 

This suggestion is consistent with the fact that 

occasionally the first indication of the presence 

of a malignant melanoma is the formation of a 

metastatic growth. 
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ORIGIN OF TitELANOMATA, BENIGN & MALIGNANT. 

Benign Melanomata9 

Cutaneous Naevi. Acton writes that small 

naevi scattered over various parts of the body 

probably have their origin in the suppression 

of primary follicles of the lanugo hair. 

In the development of the hair, a mesoblastic 

papilla consisting of angioblasts and melanoblasts 

meets the epidermal bud and prevents any further 

downgrowth of it into the mesoblast. Should 

suppression of growths of the epithelial bud take 

place, the mesoblastic papilla may persist and 

thus give rise to a naevus. Therefore, he con - 

cludes, naevi or moles in any part of the body 

are due to some irregularity in the development of 

the epiblastic invagination and they are formed 

by the persistence of the mesoblastic papilla. 

Naevus cells which are characteristic of quiescent 

benign melanomata are derived from endothelium 

lining the lymphatics according to von Reckling- 

hausen, while Acton extends their endothelial origin 

to the general vascular endothelium. 

Epithelial theory. Unna states that 

cutaneous pigmented and non -pigmented spots found 



in the newly -born and in children show a direct 

connection between the naevus cell columns and 

the prickle cell layer of the surface epithelium. 

He suggests that naevus cells are epithelial 

and come to lie free in the connective tissue 

stroma. Here they may undergo metamorphosis 

and become atrophied and lose all trace of their 

epithelial nature. Dawson advocates the epithelial 

theory and agrees with Unna's suggestion that 

naevus cells are epithelial. He considers that the 

pigmentation of the basal cells led to detachment 

of the cells from their epithelial connection and 

then to the formation of intra- epidermal rests. 

In these intra- epidermal formations the epithelial 

cell, having lost its intercellular fibrils, 

becomes detached and actively proliferative, and 

assumes a spindle or star -shape, till finally the 

cell group or its component cell breaks through 

the transition zone between epidermis and corium, 

leaving the superficial layers to heal up, while 

they themselves migrate and settle in the upper 

corium, where they undergo retrogressive processes 

and become the atrophic cells of the naevus. 

Like Ribbert he believes that they are pigment - 

forming cells. They have arisen as melanoblasts, 

and remain potential melanoblasts though they may 
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become atrophic and may even give up their pigment. 

Muir states that naevus cells of the ordinary 

congenital mole may be regarded as rests in 

Cohnheim's sense, and he regards them as epithelial 

in origin. 

Melanotic tumours. There are broadly two schools 

of thought. Some hold that these tumours arise 

from endothelium, while others say they arise 

from a specifically differentiated cell the melano- 

blast and are mesoblastic or epiblastic, 

according to the view of the writer on the origin 

of the melanoblast. 

Endothelial Theory. Von Recklinghausen and Acton 

are the main supporters of this view. They 

base their opinion on the histological structures 

of these melanotic tumours, that is, the arrange- 

ment of the cells into groups or alveoli. 

Ribbert first put forward the suggestion that all 

melanotic tumours occur through a proliferation of 

a specific pigmented cell, the chromatophore. 

This is a connective tissue cell according to 

Ribbert; but it is a specific cell, with long, 

branched, pigmented processes, and it has a 

differentiated function, that of producing melanin. 

He says that these melanotic tumours, which he 

prefers to call cbromatophoromata develop primarily 
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only in the skin, mucous membrane, eye, and meninges 

of the central nervous system, as these specialised 

cells (the chromatophores) occur normally in these 

areas. 

Dawson agrees that simple melanomata arise from 

the proliferation of melanoblasts, but he holds 

these to be epithelial cells which have been 

snared off from the surface epithelium or rete 

malpighian processes. 

Muir in his text book of pathology says that in a 

melanoma of the skin there are various types of 

cells, some of which are of distinctly epithelial 

type, while some are spindle form, and others 

transitional. They appear to be directly continu- 

ous with the cells of the rete malpighii. He is 

inclined to agree with Dawson that these tumours 

are derived from epithelium. 

Benign intraocular Melanomata. 

The Iris and Ciliary Body. Pigmented Naevi of the 

Iris are derived,according to Füchs, either from 

the pigmented cells of the stroma (melanoblasts) 

or from the cells of the retinal epithelium. 

Parsons states that the consensus of opinion, which 

he believes is supported by fact, is that naevus 

cells in general originate from epithelial cells; 
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Although there is normally no epithelium near the 

surface of the iris) this does not eliminate the 

possibility of an epithelial rest; nor, on the 

other hand, does it militate against the endothel- 

ial theory of congenital naevi. Treacher Collins 

finds them composed of flattened or spindle 

shaped cells, derived from the endothelium lining 

the anterior surface of the iris, and clump cells, 

which he believes are melanoblasts which have had 

some interference with their nerve supply or 

nutrition. Foster Moore finds that pigmented 

naevi of the ciliary body are composed of clump 

cells, and cells in transition between branching 

cells and cells without branches. 

Melanotic Tumours. Melanotic tumours of the 

iris and ciliary body may be formed according to 

Fuchs like the pigmented patches by melanoblasts, 

(pigmented stroma cells,) or by retinal epithelial 

cells. Anargyros's view is that they are formed 

by proliferation of the retinal epithelium. 

We have seen that melanotic tumours at the 

pupillary border occur in two forms,- solid and 

cystic. Treacher Collins says that the solid 

tumours are of epiblastic formation. They are 

congenital in origin, and may be connected with 

some malformation in the development of the 
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stroma of the iris. They are due to extensions 

forward from the pigmented layers of the secondary 

optic vesicle on the back of the iris. The pig- 

mented cysts are also of epiblastic formation, and 

are due to a separation of the two layers of the 

secondary optic vesicle on the back of the iris. 

The Choroid. Pigmented naevi according to Poster 

Moore are very likely congenital in origin, 

develop early in life, and have no other signifi- 

cance than a pigmented mole elsewhere in the body. 

Collins states that pigmented patches of the 

choroid are similar in structure to those of the 

iris. Mulock Houwer also supports the theory that 

ordinary found elsewhere in 

the body. Dawson suggested that naevi of the 

uveal tract are similar to cutaneous naevi. The 

scope of the term naevus includes small aggre- 

gations of pigmented cells found elsewhere in the 

uveal tract, and must have arisen like the naevus 

cells of the corium. Just as the naevus cells 

in the corium are embryo - genetically basal epithel- 

ial cells, which at some stage migrate into the 

corium, so the pigmented cells found in the choroid, 

which is really the corium of the retina, are 

embryo -genetically cells of the pigmented layer of 

the retina, which have similarly migrated and 
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become stabilised in the choroid. 

Parsons differs from this view. fefter considering 

the depigmented sections of the so- called moles of 

the choroid, he does not think they have any re- 

semblance to the ordinary mole. 

Innocent melanotic tumours of the choroid are 

seldom given a separate description. They arise 

from the pigmented cells of the choroid (the 

melanoblasts), and are epithelial or mesoblastic, 

according to the view of the writer. Treacher 

Collins believes that they are composed of clump 

cells derived from the normal pigmented cells of 

the choroid, and flattened or spindle shaped cells 

derived from the endothelium found in the spaces of 

the lamina supra -choroidea. 

Malignant Melanomata. 

A substantial body of opinion has favoured the 

view that malignant melanomata are always preceded 

by some congenital anomaly. It is an ancient 

discovery that naevi are apt to become malignant. 

It was well known and commented on by Recamier and 

others at the beginning of the nineteenth century. 

In 1853, Paget noticed the proneness of melanoid 

cancers to grow first in or beneath pigmentary moles. 

He says that it might seem as if the mole were in 

some way the first stage of cancer. But it is not 

so; for the structures, and the life of the mole are 
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those of natural skin and epidermis, abnormal in 

quantity and colour, but in no more essential 

properties. He says it seems a striking illustra- 

tion of the weakness in resisting disease, which 

belongs to parts congenitally abnormal; this 

peculiarity, he adds, may make us suspect that 

there may be other,thòugh invisible, defects of 

primary formation in our organs, which render them, 

or even small portions of them, peculiarly apt to 

be the seat of malignant and other specific 

diseases. In 1874, Professor Durante of Italy 

reached the same conclusions. He noticed, first 

of all, that naevi were congenital productions 

generated either by an anomaly of development of 

the papillary bodies or by an irregular arrangement 

of the epidermal cells. He then observed the 

tendency of these congenital naevi to give rise 

to malignant tumours. 

In 1889, Julius Cohnheim elaborated the indi- 

cations of pioneers such as Paget, Pemberton, 

Virchow, Remak and Durante and built up his theory 

of tumours. He stated that all tumours originated 

from heterotopic elements detached from their 

normal connection during early pre --natal life. 

In an early stage of embryonic development, more 

cells are produced than are required for building 

up the part concerned, so that a quantity of cells 



remain unappropriated, perhaps few in number - 

which, owing to their embryonic character, are 

endowed with a marked capacity for proliferation. 

Cohnheim refers the production of superfluous 

cells to a very early stage; possibly to the 

developmental period, between full differentiation 

of the layers of the blastoderm and the complete 

formation of the rudiments of the individual 

organs. The sùbsequent tumour is to be sought 

in a fault or irregularity of the embryonic 

rudiment. He does not claim that the tumour 

itself is congenital but merely that its rudiment 

is. In fact, he assumed the existence of an 

excess of cells as compared with the physiological 

standard, out of which excess a tumour may 

ultimately develop. Thus, among other examples, 

he says that an insignificant pigmented mole 

may become the starting point of a large malignant 

melanoma. He states that it is quite conceivable 

that the cell clusters, representing the rudiment 

of the tumour, may be absolutely indistinguish- 

able from the physiological element by any means 

at our disposal. It is not difficult to dis- 

tinguish them when such abnormal cell groups are 

present, lie a naevus or mole. That portions of 

embryonic tissue, if present in the body of a fully 
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grown animal, will behave peculiarly is no longer a 

mere hypothesis, but a fact established to a 

certainty by means of experiment. Cohnheim refers 

to Zahn and Leopold who carried out such experiments 

and obtained strictly harmonious results. 

In 1907 Sampson Handley writes that, apart 

from those cutaneous malignant melanomata which 

arise from traumatic implantation of melanoblasts, 

which he calls implantation melanomata, malignant 

melanomata of the skin arise from simple melanomata. 

In 1908, Roger Williams supported Cohnheim's con- 

ception of tumour formation. While Cohnheim thought 

that "rests" consisted solely of germ elements 

which, after sequestration, lay dormant in the 

body as embryonic rudiments, Roger Williams 

believes that the "rests," with which histology 

has made us acquainted, always present indications 

of having undergone more or less developmental 

exegesis along the lines proper to parental tissue. 
1930, 

In recent times, Mulock Houwer read a paper on the 

relation between the "so- called innocent melanomata 

and the malignant tumours of the choroid ". 

By anatomical examination of many eyes with malignant 

melanomata, he was struck by the fact that in most 

of these tumours, especially the smaller ones, the 

distribution of the pigment was always the same. 



This peculiar distribution of pigment led him to 

suppose that the pigmented areas were the remains 

of deeply pigmented tissues from which the malig- 

nant tumours had sprung. He gives: an analysis 

of fifty examined by him. The pigmentation was 

as follows : 

Diffuse or irregular pigmentation 24 cases. 

No pigmentation . 4 

Pigmentation chiefly at the borders 29 " 

He concluded from microscopic examination 

that the peculiar distribution of the pigment in 

so many tumours, especially the smaller ones, is 

accounted for by supposing that the tumour has 

sprung from an innocent deeply pigmented mole, 

and that the pigment is partly a remnant of the 

pigment of the mole. He found that, in the 

pigmented parts of the tumour, which he supposed 

to be the remnants of a mole, the cells have a 

character quite different from the cells in the 

rest of the tumour. These cells in addition 

resembled the cells in an innocent melanoma. 

In some specimens the difference between the two 

groups was most marked, and the resemblance of 

the cells in the pigmented area to the clump cells 

found in innocent melanomata was most striking. 

He finally concluded that in many malignant 

melanomata the distribution of the pigment 



suggests the possibility that they have sprung from 

a deeply pigmented mother tissue; that in some 

malignant melanomata evidence of an innocent mole 

could be shown with great probability, and also 

that it is possible that many so- called sarcomata 

of the choroid originate from innocent moles. 

Mulock Houwer refers to the researches of his 

colleague, Mrs. Schappert Kimmijser. In her work 

she finds that innocent melanomata of the uvea are 

more frequent in eyes with malignant melanomata 

than in eyes without them. 

Other observers while agreeing that malignant 

melanomata arise from benign growths do not accept 

this rule as universal. In 1858 Oliver Pemberton 

said that melanotic cancer is very frequently 

located near a congenital mole or wart, or the 

congenital marks themselves undergo melanotic 

degeneration. Out of thirty -four cutaneous 

melanomata studied by him, no less than fifteen 

arose from congenital moles, warts or other local 

blemishes. Later in 1869 Virchow supported this 

theory, and developed the subject a little further. 

Then Ribbert says that, in the skin these 

malignant tumours develop almost exclusively from 

soft, more or less strongly pigmented congenital 

/4S 



warts or naevi. The soft naevi, he observes, are 

congenital formations arising from some anomaly 

in development. They are small at the time of 

birth, often scarcely perceptible, and grow slowly 

to the size of a pinhead or small pea. They 

generally remain harmless but from them, (there- 

fore from a congenital cause,) malignant "chromato- 

phoromas" may arise following trauma. They arise 

through proliferation not of the grouped naevus 

cells, but of the branched pigment cells - the 

chromatophores (melanoblasts). With reference to 

malignant melanomata of the eye, Ribbert says 

that we know very little, but that sometimes they 

have their origin in deep brown congenital flecks 

in the iris. This suggests disturbances in 

development, of which as yet (in so far as the 

interior of the eye is concerned), we have very 

little knowledge. The malignant growths which 

develop from the benign ones: develop in the eye, 

in the same way as they do in the skin, not 

through proliferation of the grouped naevus 

cells, but through proliferation of the branched 

pigment cells. He finds that growths of the eye, 

in particular, show this; for here other kinds 

of cells do not come into consideration. In 1903 

Eve stated that twenty -six out of thirty -three 



cases of malignant melanomata of the skin, occurring 

at the London Hospital, arose in pigmented moles. 

The onset of malignancy is usually indicated by 

the enlargement of the mole. The primary growth 

seldom exceeds a walnut in size. Occasionally 

also no_ apparent change may be noted in the mole, 

and its malignancy is heralded by the appearance 

of metastasis. 

In 1925, Dawson found that malignant melanomata 

usually have an origin in a benign pigmented naevus, 

and stated that the tumour cells arise from two 

sources (1) from a proliferation of the original 

naevus cells embodied in the corium (thus differing 

from Ribbert's conception), and (2) from the cells 

of the surface epithelium and its interpapillary 

epithelial processes. A series of transformations 

of the epithelial cell occurs analogous to those 

treated in the genesis of a simple naevus. 

In 1929, Treacher Collins, taking part in a dis- 

cussion on Mulock Houwer's paper above-mentioned, 

stated that malignant growths of other parts of 

the uveal tract are nearly always preceded by 

innocent moles. Foster Moore deals with the develop - 

ment of malignant melanomata from innocent growths 

in the choráid. He says that innocent pigmented 

growths of the choroid, especially when small, are 

frequently overlooked on ophthalmoscopic examina- 



Lion or are ignored as being simple patches of 

pigment. He suggests that it may be asked what 

evidence is there that these growths are not 

malignant onges of minimum size. The factors 

which combine to prove that this is not the case 

are as follows :-- they may be watched for years 

without undergoing the slightest change; they 

are of more frequent occurrence than neoplasms; 

they may often be seen at an age when choroidal 

sarcomata do not develop; and finally they have 

a distinctive ophthalmoscopic appearance. 

On the question whether they may later in life 

take on malignant characters, Foster Moore says 

that just as pigmented moles of the skin may 

become malignant on rare occasions, so he sus- 

pects that choroidal moles (in the same way) 

could not be entirely exonerated from a similar 

vicious tendency. 

The slides submitted with this thesis show 

in certain instances indications of preceding 

benign abnormality. In other cases no such 

indication can be discovered. 

Cellular origin of malignant melanomata. 

Broadly there are two schools of thought, 

(1) that they are sarcomata and are derived from 

mesoblastic structures; (2) that they are 
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carcinomata, derived from epithelium. The views 

held concerning the genesis of the tumour cells 

can in fact be grouped in five categories. 

Firstly there are writers who believe that 

the cells of each tumour arise from two or more 

sources, - (a) from melanoblasts which may be 

epithelial or raesoblastic, according to the view 

of the writer, and (b) from other cells in the 

neighbourhood. Spencer believes that clumps of 

melanoblasts or pigment cells, which have sunk 

from the epidermis into the dermis, gradually 

lose appearances characteristic of epithelial 

cells. These displaced cells are entirely res- 

ponsible for the formation of a benign melanoma. 

Bu`t, when melanotic cancer has started, the meso- 

blastic cells take part in it, so much so that 

the structure of secondary growths resembles 

satrcomata. 

Other writers suggest that there are several 

varieties of melanotic neoplasms, but that each 

variety is formed only by one cell type: thus 

they may develop from epithelial endothelial, or 

connective tissue cells, and there occur melano- 

cexcinomata, endotheliomata, sarcomata. For 

instance Acton describes two different types of 

melanotic neoplasms, - sarcomata and endothelio- 

mata. He states that in a benign pigmented 



melanoma two types of cells occur: (a) the 

mesoblastic melanoblast or pigment cells; 

(b) the angioblast or true naevous cell. From 

this observation he concludes that, from a 

benign mole, (a) a spindle -celled melanotic 

sarcoma may arise from the mesoblastic melano- 

blasts and (b) an endothelioma from the 

angioblast. 

A third group holds that all melanotic 

neoplasms are endothelial in origin. Von Reck- 

linghausen came to the conclusion that all 

melanotic tumours are endothelial, because they 

Shf-e'm a regular arrangement of the .cells suggested 

an origin from the endothelium of the lymph. 

spaces. 

A fourth group hold that all melanotic neo- 

plasms have a connective tissue origin. Ribbert 

believes that all the pigment -forming cells of 

the body are specially differentiated connective 

tissue cells. These cells he calls chromatophores. 

The non-pigmented cells arranged in cell column 

in the naevi are immature chromatophores, while 

the branching pigmented cells at the periphery 

are the true specific cells. Proliferation of 

these cells, both the mature and the immature 

chromatophores, produce malignant melanomata. 

The non-pigmented areas, he believes, are groups 
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of immature cells, or depigmented ones. The 

cells found in metastasis are also derived from 

chromatophores and again pigmented and non -pig- 

mented areas are explained in the same way. 

Finally a fifth group hold that all malig- 

nant melanomata have an epithelial origin. 

Unna first observed that malignant melanomata, 

like the benign forms, arise from epithelium. 

In this country as early as 1853 Paget described 

malignant melanomata as epithelial, and traces 

their origin to the superficial layer of the 

cutis, and in the place of the rete- mucosum. 

Dawson in recent times (1925) is the most import- 

ant disciple of the epithelial theory. He made 

an exhaustive study of cutaneous melanomata, and 

said that those whp claim a dual origin for the 

cells of the primary growth have a difficulty in 

interpreting the cell types in the metastases. 

Regarding the endothelial origin of the tumour 

cells, he recognised that those tumours offered 

the most conflicting pictures which were difficult 

to reconcile with any other view; and that the 

prolonged and intimate study of such pictures 

ultimately led to explanations which corresponded 

with the view to which the developmental phases 

alone gave the clue. Whether the end- result is 
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a tumour morphologically resembling a melano- 

carcinoma, or melrno- sarcoma, endoperithelioma, or 

fibrosarcoma, the genetic process is first recog- 

nisable in the lower layers of the epidermis, 

or in the cells of the rete- epithelial processes. 

That is to say the tumours are all of epithelial 

origin, whatever their morphological appearance. 

Harding and Passey, (1920), from their experiments 

on mice say that in the transplantable melanoma of 

the mouse, in the original tumour, and in the 

majority of its descendants, the stamp of an 

epithelial origin is clearly shown. It cannot be 

without significance that the immediate descendants 

from the original melanoma maintain a very definite 

epithelial appearance, while the sarcomatous 

changes crept in quite late in the story; in fact, 

not till after proliferation through many genera- 

tions. However, as some of the more rapidly - 

growing strains certainly have as sarcomatous an 

appearance as others have an epithelial appear- 

ance, it would be unwise to dogmatise. Later, 

they state that, if ever the question of the 

nature of the pigment -producing cell be finally 

solved, it would seem that it will be definitely 

located in one type of cell only, not at one time 

in an epithelial cell and at another in a connect- 

ive tissue cell, as is suggested by some observers 
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who speak of a melanoma as a melano- sarcoma, or 

melano-carcinoma according to the morphology of 

the tumour they are discussing. The production 

of so highly specialised substances as melanins 

it can only be the function of one type of cell. 

Malignant Intra -ocular Iulelanomata . 

The foregoing statement relates in the main 

to cutaneous malignant melanomata. Similar 

divergencies of view are found in relation to 

malignant Intra -- ocular melanomata. 

Iris. Parsons belongs to the second group of 

writers. He describes more than one variety of 

malignant melanoma in the iris. He limits 

their development to mesoblastic structures; and 

describes all these malignant melanomata as 

sarcomata, although he recognises that, in some 

of their histological characters, they differ 

from any other sarcomata. He suggests that the 

tumour cells arise from three sources :- 

1) Directly from melanoblasts. Most of the 

pigmented spindle cells found in a malignant 

melanoma are derived from the pigmented stroma 

cells. 

2) From the adventitia of the vessels. The cells 

arranged in rows and whorls in the neoplasms 

showing an alveolar structure are probably 

derived from the adventitia of the vessels. 
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Many of these growths are peritheliomata. 

3) From preceding benign melanomata. Most of 

these, he says, are probably melanomata which 

are formed by the proliferation of the pigmented 

stroma cells; i.e. Fachs' first type. He 

does not give any reason why he excludes 

melanomata formed by pigmented cells derived 

from retinal pigment epithelium -- 1tiichs' 

second type,ide considers that the question 

whether any are melano- carcinomata derived 

from true naevi must be left a matter of doubt 

until further evidence is available. He states 

that the presence in the tumour of pigmented 

epithelial cells derived from the pars iridica 

retinae must be ignored in this connection. 

These are derived from the hexagonal pigment 

cells. 

Treacher Collins also supports the theory 

that malignant melanomata are mesoblastic, 

and that they arise from endothelium, and from 

preceding benign melanomata. Although 

Treacher Collins believes that, in the normal 

tissues of the eyeball, melanoblasts are both 

epiblastic and mesoblastic in origin, and 

that in the iris innocent melanotic growths 

may arise from both epiblastic and mesoblastic 



tissue, yet he gives epithelial melanomata 

immunity from malignancy; and states that 

malignant melanotic growths start only from 

innocent mesoblastic melanotic growths and 

that they consist of spindle -shaped cells and 

clump cells. With reference to an endothelial 

origin, he states that metaplasia of endothelial 

cells into spindle -shaped cells takes place, 

both in the normal development of the eye (after 

traumatic lesions), and in connection with 

malignant neoplasms. 

Ciliary Body and Choroid. With regard to the 

cellular origin of malignant melanomata, which occur 

in the choroid and ciliary body, endothelium and 

melanoblasts come most under discussion. 

In the histological examination of the choroid, 

it is noted that the choroid does not contain lymph 

vessels or tubules, but only lymph spaces or clefts. 

This endothelium is interfascicular and is not 

intimately connected with the vessels. There is 

also endothelium lining the périvascular lymph 

spaces, which is indissolubily bound up with the 

vessels. In addition there is endothelium within 

the vessels. Coppez is the great apostle of the 

endothelial theory. He believes that all primary 

malignant melanomata of the choroid are endothelio- 
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mata, and suggests that all cases which had been 

recorded as epithelial growths of the uveal tract 

were really endotheliomata presenting an irregular 

histological appearance like that of a carcinoma. 

He pointed out that in the early stages of the 

growth, or at the extreme periphery, (i.e. the 

advancing margin), that the features characteris- 

tic of the nature of the growth were to be looked 

for. He divides malignant melanomata into three 

categories. (1) ïnterfascicular endiotheliomata, 

developed from endothelial cells lining lymph 

spaces; (2) peritheliomata, developed from 

perithelial cells of the blood vessels of the 

choroid following the course of the vessels; 

(3) sarcomata of varying characteristics, grow- 

ing from mslanoblasts of the choroid, from peri- 

thelial cells, and from endothelial cells of 

lymph spaces; but in their growth, not retaining 

any close relationship to the vessels. 

Treacher Collins, while accepting Coppez's 

classification as applicable to the vast majority 

of primary malignant melanotic new growths of the 

uveal tract, and regarding them as of mesoblastic 

origin, states that malignant melanotic epithelial 

growths may in rare instances originate from the 

pigment epithelium of the ciliary body, and 

possibly also from the pigment epithelium of other 



portions of the uveal tract. 

Parsons, when considering the possible endo- 

thelial origin of these malignant growths, enumerates 

various factors which cause confusion, with the 

result that endotheliomata in other parts of the 

body may nearly resemble carcinomata. In the choroid, 

the reverse may occur, a metastatic carcinoma 

being diagnosed as endothelioma. The endothelial 

cells, too, may become spindle-shaped or asteroid, 

so that many are diagnosed as other types of 

sarcoma. Degenerative changes occur, masking the 

mode of development; and, indeed, endotheliomata 

are especially prone to hyaline, mucoid, and cystic 

degeneration. Further, he points out that the 

typical networks of bands of endothelium which 

occur in undoubted endotheliomata elsewhere, in 

the skin and salivary glands, never occur in the 

choroid. The absence of true lymph vessels may 

be adduced as a possible explanation. Microscopic- 

ally, he says that there are three fairly definite 

types of alveolar growths, and that in all of these 

an endothelial origin is the simplest hypothesis; 

but it is doubtful to call these tumours definite 

endotheliomata. Later, he adds that it is always 

open to look upon the endothelial proliferation 

as a mere reaction of these cells to the stimula- 

tion of true malignant growth in the neighbourhood. 
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Pùchs believes that, in malignant tumour 

formation, there first occurs a proliferation of 

the non-pigmented adventitia cells of the deeper 

layers. Then these stimulate proliferation in all 

the neighbouring cells, including the melanoblasts. 

Parsons states that if we lay more stress on the 

proliferation of the perivascular endothelial 

cells, this view is still the most probable. 

Ribbert believes that the pigment- forming 

cells of the eye, as everywhere else in the body, 

are specifically differentiated connective tissues 

cells, and that these cells by their proliferation 

are entirely responsible for the formation of 

melanotic tumours both benign and malignant. 

Treacher Collins, when dealing with malignant 

melanotic growth of the ciliary body, states that 

malignant melanotic epithelial growths may in rare 

instances originate from the pigment epithelium of 

the ciliary body, and possibly also from the 

pigment epithelium of other portions of the uveal 

tract. 

Dawson, when writing on the histogenesis of 

the pigmented tumours in the uveal tract, stated 

that they must come from either the pigmented 

branching cells of the choroid, (melanoblasts), 

or from the hexagonal cells of the pigment layer 

of the retina. The pigmented branching cells 
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of the choroid, he writes, are not mesoblastic but 

neuro- epithelial in origin, and that though their 

function around the vessels of the outer layer of 

the choroid is undecided, their stability, not 

only as pigment- carrying cells, but as pigment - 

producing cells, must be admitted, and that all 

melanomata of the uveal tract are neuro- epithelial 

in origin. Dawson quotes the opinion of Wieting 

and Hundi. From embryological date, they observed 

that the pigmented cells of the uveal tract are 

derived from the pigment epithelium of the retina, 

and that, in the eye, pigmented tumours originated 

from these pigmented cells. 

Thus the variety of views and their develop - 

ment in relation to the origin of malignant 

melanomata of the skin is reproduced in the views 

held upon the origin of similar melanomata of the 

eye. 

The melanotic tumour differs from others in 

that it is black and its cells are capable of 

producing melanin. The immense variations of 

,cellular appearances and the locations of the 

tumours make a determination of their origin 

unusually difficult. The connection with the 

melanoblast is fairly clear: the connection of 

the melanoblast with the epithelium presents much 

greater prima facie difficulty. Many observers 
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ascribe to the epithelial cell an unusually developed 

power of adaptation and variation; this attitude 

is illustrated in particular by the theories of 

metaplasia and desmoplasia which ascribe special 

attributes exclusively to the epithelial cell and 

which have been opposed to the more conservative 

theory of anaplasia. On the other hand it has 

been acutely observed by opponents of the theory of 

epithelial origin in relation to the uveal tract 

that melanoblasts have never been observed passing 

through the membrane of Bruche One of the 

principal objectives of the present research was 

directed to this point. The result will appear in 

the commentary which succeeds this section and in 

the descriptions attached to the various micro- 

drawings and micro - photographs. 
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