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■Vbstract of Thesis

This thesis describes ultrastructural observations

on normal dendritic cells (melanocytes and Langerhons

cells) of human epidermis, and changes in their fine

streetare after various forms of physical stress and

malignant transformation.

The historical background and previous research

on the structure and function of the melanocyte and

Langerhans cell are reviewed. During a holiday in

Madeira the grave of Paul Langerhans was found

neglected and overgrown, but arrangements made with

a chance acquaintance should ensure that it is looked

after in oernetuo.

The unique fragility of melanocyte mitochondria

was the only new finding noted in studies of normal

3kin.

Ultrastructural dopa and tyrosine studies were

made on skin exposed to ultraviolet radiation. They

hig light the central role of the Golgi apparatus

and surrounding system of smooth endoplasmic reticulum

(GERL) in the transport of tyrosinase from ribosome to

melanosome» and indicate that Stage I melanosomes arise

from all parts of the Golgi apparatus as well as from

GERL. The concept that the fine structure with

periodicity in early melanosomes is the supporting

structure of tyx'osinase was not confirmed. After a

single exposure to ultraviolet radiation (6 X minimal
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erythema close), reaction product was not noted in

melanocytes until twenty four hours after Irradiation.

It was then seen within the Golgi apparatus and

neighbouring GI3RL} seventy two hours after irradiation

it was seen mainly in peripheral cytoplasmic vesicles,

langerhans and mast cells were consistently dopa negative.

Suction and friction stress to the epidermis have

a profound effect on keratinocytes but cause minimal

damage to dendritic cells, probably due to their lack

of attachment with surrounding cells. Suction experiments

indicate that, in contrast to keratinocytea, there is no

communication between the extracellular space and system

of smooth endoplasmic reticulum in dendritic cells.

Subcellular observations on a single case of

histiocytosis X were similar to those of others, and

support the view that this condition is due to reactive

proliferation of the epidermal Lan erhans cell.

Ultrastructural studies were carried out on forty

specimens of invasive malignant melanoma. The findings

support the concept that the fine structure of lentigo

maligna melanoma is usually characteristic, and differs

from that of superficial spreading and nodular malignant

melanoma. The raelanosomes in lentigo maligna melanoma

are usually ellipsoidal and resemble those of normal

melanocytes, whereas the melanosomes in superficial

spreading and nodular melanoma are most often

spheroidal and abnormal in appearance. Superficial
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spreading and nodular melanomas cannot be reliably

distinguished by their ultrastructure, though vacuolar

melanoao;nes are more common in superficial spreading

melanoma. There was no support for the hypothesis

that superficial spreading melanomas and nodular

melanomas develop from pre-existing naevi.

Ultrastructural dopa reactions carried out on ten

malignant melanoma specimens indicated that malignant

transformation affects the structural protein of the

melanosome rather than the distribution and passage

of tyrosinase. Vacuolar melanosomes seem to represent

an arrest in the development of Stage I melanosomes.

A single case of a breast carcinoma invading the

overlying epidermis an causing gross proliferation and

activity of the melanocytes is described. Hyperactive

melanocytes, which had migrated from the epidermis, were

seen surrounding dermal tumour cells, but little evidence

of phagocytosis, either by the melanocytes or tumour cells,

was noted. This curiositjr illustrates the close

relationship which, exists between melanocytes and cells

of epithelial origin.
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Chapter I

INTRODUCTION

Including

1 . TERMINOLOGY 0? DUITDRITIC CELLS

2. THE MELANOCYTE

a. Cellular site of melanin synthesis.
b. Origin of melanocyte.
c. Epidermal melanin unit.
d. Metabolic pathway in melanin formation.
e. Subcellular sites of melanin biosynthesis.
f. Ultrastructure of the melanocyte.
g. Racial differences in pigmentation.

3. TIP L -.HGiSPJl/JP CELL

a. Paul Langerhans.
b. Histology and histochemistry of the Langerhans cell.
c. Ultrastructure of the Langerhans cell.
d. Origin of the Langerhans cell.
e» Distribution of Langerhans cells in the body.
f. Histiocytosis X.
g. Function of the Langerhrins cell.

4. THE INDETERMINATE DENDRITIC CELL

5. INTRODUCTION TO THE -WiSD? WORK
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1 • T'TvMINOLQOY OF PMRITIC CULLS

Light microscopic examination of vertical sections

of human skin reveals that the lower and middle epidermis

is composed of two types of cell called ker-tinocytes and

clear cells (Plate 1). Keratinocytes (prickle cells,

squamous cells), involved in the process of keratinisation,

make up the bulk of the epidermis and are joined together

by desmosoraes (intercellular bridges). They are produced

by mitotic activity in the basal cell layers and move

towards the skin surface forming the squamous cell layer

(stratum Malpighii) and granular cell layer (stratum

granulosum). Finally they transform into horny cells

which are shed as they reach the surface. It has been

estimated that it takes between 26 and 42 days for the

keratinocyte to travel from the basal cell layer to the

surface of the granular layer (Halprin, 1972) and a

further 14 days for the passage of horny cells through

the normal horny layer (Frost et al., 1966).
Clear ells are much more sparse. They are

distinguished from keratinocytes by the abundance of

their poorly stained cytoplasm and lack of desmosomal

attachments with surrounding cells. They occur both in

the basal cell layer and throughout the squamous cell

layer (Plate 1). Unless fixation .and processing of

the skin is good the cytoplasm is apt to collapse round

the nucleus leaving an empty space.
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— Horny cell layer

—• Granular cell layej

— Squamous cell layea

— Basal cell layer

— dermis

Plate 1 (X540)i Vertical section of human epidermis

and superficial dermis (lower back).

White arrows point to high level clear cells (probably

Langerhans cells) and the black to basal layer clear

cells (probably melanocytes).

(Semi thin toluidine blue stained epoxy resin section)
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These differences between cells in the epidermis

were appreciated as long as 100 years ago. It was also

realised that clear coll3 had branched processes, and

that they could he separated into two types depending

on whether, or not, they contained pigment. Langerhano

(1868) recognised non pigmented gold staining branched

cello high in the human epidermis, and Riehl (1834)

described migratory pigmented branched cells

("pigmentirten wandersellen") in human hair papillae.

The synonymy of the branched cells of the epidermis

is of bewildering complexity. "Dendritic cell" (Becker,

1927) is a purely descriptive term and is useful for

describing all cells of the epidermis with numerous

branched processes. Three types are now recognised,

and they are most commonly called:

1• melanocyte (the pigmented dendritic cell described

by Riehl)

2. Langerhans cell (named eponymously after the original

description of Langerhans)

3. indeterminate cell (appreciated more recently, as it

shows neither the ultrastructural characteristics of

melanocytes nor Langerhans cells, fee page 59.)

The word 'melanocyte' became accepted on a world

wide basis only after fltspatrick and Lemcr (1953)

pointed out that investigators in biology and medicine

were using different terms for the same cells. They

recom,::ended the following terminology for pigment cells:



Mature melanin-forming cell

Immature melanin-forming cell

Cell with phagocytised melanin

- Melanocyte

- Melanoblast

- Macrophage

(or Melanophage)

(Melao, Gr. black; kytos, Or. hollow vessel

blastos, G-r. germ; phagein, Gr. to eat)
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2. THE f-IBE/MTOCYTE

a. Cellular site of elanin synthesis:

Bloch*e discovery of the reaction between

3,4-dioxyphenylalanin, called dope for short, and an

oxidising factor in pigment-forming cells was a most-

significant step forward (Bloch, 191T). He noted that

pigmented dendritic cells exposed to dopa showed diffuse

blackening of their entire cytoplasm and attributed this

to a ferment which he called *dopa-ox3rdase*. Bloch

considered that non dendritic cells (keraiinocytes)
could transform into dendritic cells if given the

necessary functional stimulation (i.e. need for

excessive pigment production) though others felt that

dendritic and non dendritic cells were genetically

different.

Improvemente in Bloch*s dopa technique (Becker

et al., 1935) led the Canadian Kasson (1948) to state

his belief that the dopa positive melanocyte was the

only melanin-producing cell in the epidermis, and his

pioneer work was confirmed and amplified by Billingham

(1948).

Billingham (1948) showed that the branches of

melanocytes, seen in the basal layer, travelled along

the intercellular spaces between ordinary epidermal

cells, split fre uently, and ultimately terminated in

the form of 'caps' or 'end-buttons* closely applied to

the walls of ordinary epidermal cells. He felt that
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pigment granules were elaborated within the melanocyte

and passed to the surrounding epidermal cello across

these end caps. Fifteen years later Pitapatrick and

Breathnach (1963) were to suggest the terra "Epidermal

Melanin Unit" for the melanocyte and its surrounding

keratinocytes (see page 12). In 1949 Uillingham pointed

out that the pigmented epidermis of Indian and Negro

skin wan similar anator: ically to that of white skin.

The increased pigmentation was due not to an increased

number of melanocytes but rather to a higher rate of

melanin production in individual cells. Some years

later Cruikshank and Harcourt (1964) were able to

confirm the process of pigment donation in vitro by

melanocytes in elegant cinematographic studies.

b. Origin of the mel-tnoovte

Experimental work on mice led the embryologist

Rawles to conclude that the pigment-forming cells

arise from the neural crest and not from neighbouring

epidermal cells (Rawles, 1940)* By 1959, therefore,

it was appreciated that there was only one type of cell

in the epidermis capable of manufacturing pigment and

that this cell had a cell-lineage of its own and was not

derived from keratinocytes of the basal layer.

c. Epidermal melanin Unit

This term was originally introduced by Pitspatrick
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arid Breathnaeh (1963) to describe a structural, as well

as functional, unit of the melanocyte and surrounding

keratinocytes (Fig. 1). Its use should emphasise the

fact that pigmentary processes involve not only the

melanocyte but also the surrounding keratinocytes which

acquire the pigment secondarily.

Figure 1: The epidermal melanin unit.

Dendritic processes of a basal melanocyte (M) are seen
c

winding between surrounding keratinocytes.

(From Pitapatrick et al., 1967)
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d. Metabolic pathway in melanin formation

Knowledge of the biochemistry of melanin formation

in plants and invertebrates proceeded any real

understanding of the problem, in man. In 1895 Bourqueolot

and Bertmad discovered tyrosinase in a black toadstool

Russula Nigricans. Soon afterwards it was appreciated

that the enzyme was widely distributed in the vegetable

kingdom. In the early 1920*3, a few years after Bioch's
♦

discovery of dopa-oxidase by hiotochemical means, Haper

and his colleagues in Manchester carried out extensive

studies on the metabolic pathway involved in the conversion

of tyrosine to melanin in plants. The pathway originally

outlined by Raper (1928) has since been generally accepted

though some modifications have been suggested (Fig. 2).
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TYROSINASE
' \

✓ \
✓ \

^V^^v-COOH / HO^^W^^COOH * O^^S^\/COOH
| T | —L2J—». T T T m.

NHo

TYROSINE

XJ L
DOPA

MELANIN
HO^V

HOA\^k-NH^kCOOH

HO

HO -0'rjn
5,6, DIHYDROXYINDOLE

Figure 2: The tyrosine to melanin path-way.

(From Duchon et al», 1968)

The presence of tyrosinase is essential imtil

the formation of dopaquinone. After this, further

stages of the reaction proceed rapidly in the absence

of the enzyme, though the reaction rates are increased

in its presence. The indole-5, 6-quinone and other

Intermediates finally polymerise to melanin through

polyindole quinone. Duchon et al« (1968) summarised
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their views; 'Vertebrate melanin ie an insoluble, co-

polyueriaate of tyrosine intermediates, particularly

5, 6-dihydroxyinuole, that are formed from tyrosine

by the action of the copper-containing aerobic oxidase

tyrosinase; the enayme is confined to specialised cells,

the melanocytes, and is usually attached to subcellular

particles known as melanosomes."

According to duchon et al, (196b), bicolaus (1962),
as a result of his extensive studies on melanin from the

ink sac of cuttlefish (sepia), suggested a structure for

melanin. It illustrates the alarming complexity of such

polymerisation.
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Figure 3 * hicolaua senerne for the structure ox sepia melanin.

(From Ducnon et al., 1968)

And so melanin (eumeianin), ranging in colour from

brown to black, has a high molecular weight find a

polymeric nature with a complicated irregular chemical

structure. It is insoluole in almost all solvents and

very resistant to most chemical treatments, fellow and
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red pigments in mammals (phaeomelanins) differ in their

structure and arc soluble in dilute alkalis. Prota and

Ticolaus (1967) have suggested that phaeouelanins differ

from eumelanins in that doparjuincne combines with

cysteine to form. 2-0 and 5-0 cysteinyl dope and that

further oxidation of these intermediates gives rise

to phaeomelaninB. Dopaquinone is therefore a cor,mon

intermediate in the formation of both eumelanins and

phaeonelanins•

Once melanin is formed within the cell it is bound

to protein (melanoprotein). The linkages are very strong

and can be broken only with drastic treatment such as

prolonged acid hydrolysis at high temperature. According

to UicolauB and Piatelli (1965) the linkages are formed

by sulphur-containing amino acids, espeeiall3r cysteine,

through ■ thio-ether lirkage. The melanin polymer is

also bound to the protein directly by peptide linkages

between cuinonoid intermediates of melanogenesis and the

II terminus of polypeptide chains of the proteins.

Tyrosinases isolated from different sources have

different characteristics (Lerner and Pitzpatrick, 1950).

Mammalian tyrosinase occurs in various molecular forms
1 ?

(isotyrosinaees) in the cell; two (T + T~) exist in

soluble form and one (T^) is bound to ribosomes,

smooth surfaced membranes and melanosomes (Burnett et

1967). There is still debate as to whether

tyrosinase catalyses both the hydroxylation of tyrosine
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to dopa and the oxidation of dopa to dopaquinone

(traditional view).

^Tyrosinase,

Tyrosine
Initially r

't
\ Melanin

Okun et al. (1973a) have questioned this and believe

that peroxidase rather than tyrosinase mediates the

conversion of tyrosine to dopa and that tyrosinase

functions only as a dopa oxidase as originally conceived

by Bloch. This problem is considered in greater detail

in pages 107-110.

The regulation of tyrosinase activity within the

melanocyte is not known. Halprin and Ohkawara (1967)
have produced evidence that reduced glutathione in the

epidermis inhibits tyrosinase by combining with the

copper present in the enzyme. They found decreased

levels of glutathione reductase and reduced glutathione

in negro skin and noted the photo-oxidising effect of

ultraviolet on reduced glutathione. Their work Ms

therefore uncovered the basis of a neat intraepidermal

control mechanism of tyrosinase activity:
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/
OXIDIZED GLUTATHIONE

' \
UoV.Lc (

INFLAMATION( I GLUTATHIONE REDUCTASE
ETC V JI \

REDUCED GLUTATHIONE
S. H„

|I
INHIBITION

TYROSINE/DOPA - MELANIN

Figure /\: dole of glutathione In nclanin synthesis.

(From Halpriri and Ohkawara, 1967)

Sulphydryl compounds might also inhibit melanin

formation by forming complexes with the intermediates

in the tyrosine j. melanin pathway (Hoston, 1960
and Mason and Peterson, 1965). Burnett ot al. (1967)

1 ?
considered that the soluble form of tyrosinase (T + T )
existed in the presence of such inhibitors until the

enzjnne became orientated or localised in such a way that

it could carry out its specific function, (i.e. when

enzyme bound to melanosome)• This type of mechanism

has been demonstrated by Chian and Wilgram (1967) during

studies on a non pigmented mouse melanoma.
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e. .y.col.lul .r o2 frlosynth^is

Painstaking and timely research as well as great

leeimioal advances in tire late nineteen fifties allowed

beiji et al. (1961 ) to develop the melanosome concept -

rmelanin formation end deposition occur in cytoplasmic

particles of the melanocyte because the enzyme tyrosinase

is bound to specialized organelles, melunosomes, in the

melanocyte." these researchers, working in Blaschko's

laboratory in Oxford, carried out their studies on mouse

melanoma, They measured tyrosinase and specific

mitochondrial enzymes (cytochrome oxidase and succinic

dehydrogenase) in electron microscopic monitored

subcellular fractions separated by ultrucentrifugation

and density gradient centrifugation. the same

teclmiciues had been employed a few years earlier by

Siekevitz and Palade (1958) in their classical studies

on zymogen granules in exocrine cells of the pancreas.

The conclusions of Belji and his colleagues were

the subject of a vigorous controversy at the fifth

International Pigment Cell Conference in New York 1961.

Dubuy and his co-workers (1963) felt that it was not

possible to separate subcellular particles bearing

succinic dehydrogenase and tyrosinase activity, and

were unwilling to change their view that melanosomes

were modified mitochondria. The debate has been

discussed by Fitspatrick et al. (1968) and is a good

example of how disagreement can catalyse advancement
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Fitspatrick -:&nd hio tears repeated the experiments of

bubuy ct *.w- » U». ;lng Dubuy*s techniques, Tfeay discovered,

vitl: the help of electron microscopic ©onltoring, that

Pubuy^E separated subcellular fractions were not 'pare*

and that mitochondria contaminated the taelanooomal

fraetion, to small, hut important, changes in technique

then led to a common conclusion} :.ii& Seiji and

?itspatrick,a work has since been validated by other

workers ueing different methods such as electron

microscopic nutorsdiography• Ilakai and 3hubik (1964)
have demonstrated that labelled dopa is incorporated

in vitro into melanosomes and Koyer (1966), working with

labelled tyrosine, has confirmed the in vitro incorporation

of tills precursor into Eielanosor.es,

f' t&t-raaty- ,<?£

It is an invidious task to review electron microscopic

work on the melanocyte carried out in the last thirty

years. Knowledge has Increased progressively, due more

to technical advances than any startling new ideas. Only

a few of the stepping stones which illustrate this have

been chosen,

hason et a!. (1947) were the first to view pigment

granules in human skin under the electron microscope,

Their pictures showed rod shaped and globular granules,

but no internal structure could be identified. Pease

(1951) noted that the clear cells in the basal layer
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pictures of human hair follicles presented by Birbeek

et al. (1956) were of a higher quality and they were

able to define more subcellular detail within the

relanocyte. They r.oted that some pigment granules

appeared to consist of rev r&l parallel lamellae

forming cylindrical or ellipsoidal shells. They

seemed to develop in vesicles situated in a region near

the nucleus probably analogous to the G-olgi region of

other secretory cells. Odland (1958) confirmed that

there were no tonofibrHs in melanocytes and also noted

that they were not attached to neighbouring cells by

desmoeones. Charles and Ingram (1959) seem to have

been the first to record the presence of regular

trailaverse st relatione in some rctelanosornes in melanocytes

of human skin., and this observation was confirmed a year

later by Drochmans (i960), belickson end Hartrearm (1961)

stressed the differences between melanocytes and

neighbouring keratInocytes and commented on the plentiful

mitochondria and complex endoplasmic reticulum in

melanocytes, Birbeck (1962) provided the best high

resolution photograph (X160,000) of a rnelr nosome to date.

Wellings and Siegel (1963) produced prints of human

and mouse melanoma cells revealing even more detail.

Their analysis enabled them to propone a scheme of

melanin granule formation based on morphological

evidence. They suggested that a tyrosinase-rich protein,
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ribosoaes. These particles then accumulated in the

endoplasmic reticulum and travelled to the G-olgi

apparatus where they were cone ntrated to form p:re-

nelanin granules. The premalanin jra.nu.lea left the

Golgi apparatus "Ud vera progressively raelaniaed under

the influence of tyrosinase to "onn large mature and

dense melanin granules. In the same year Koyer (1963)
came to similar conclusions after studying nouial and

malignant melanocytes in mice. In 1965, during a

symposium on the Biology of Skin at Oregon, Drool nans

(1967) showed high resolution pictures of Kt0lanosom.es

and deduced that coiled filaments raa.de up part of the

matrix. He considered that the fir t stage -In formation

of the melanosome was the deposition of a protein matrix

composed of coiled filaments (Fig. 5a). Cross linking

of these filaments both rt the periphery one. at the

centre of the melanosome (Fig. 5b) was probably

responsible for the transverse atrialions seen on

micrographs. After formation of the protein matrix

(possibly tyrosinase units or tyrosinase linked with a

structural protein) melanin deposition gradually occurs#

and the pigment accumulates on the Inner membranes

obscuring the characteristic periodicity (100A°) of the

structures. Finally the organelle becomes a uniformly

dense particle without discernible internal structure.



24*

Figure 5: Helanosomal for- iation

See text for explanation

(From Drochmans, 1967)

And so by the mid nineteen sixties there was a

much clearer idea of the structure of the melanocyte

and its organelles. Unfortunately the terminology

was confusedt but the terminology and classification

of rnelanosomes now generally adopted is:

Melanosome

Definition (From Duchon et al., 1968)
"A melanosome is an organelle that is surrounded by a

unit membrane and contains a highly organized internal
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structure of longitudinally oriented strands or

concentric lamella© that have a regular pattern of

dense particles with, a characteristic periodicity,

the organelles may be spherical or ellipsoid and often

contain tyrosinase."

Stages (From Fitspatrich ot ul., 1971)

Stage X. h spherical, membrane-delineated vesicle may

be called a melanosome if it

(i) is shown to contain tyrosinase by electron

microscopy combined with histochemistry or

(ii) contains filaments that have a distinct

periodicity of 1001°.

stage II. Xhe organelle is oval and shows numerous

membranous filaments, with or without cross linking,

having a distinct periodicity.

Stage III. The internal structure, characteristic of

Stage II, has become partially obscured b> electron-

dense melanin.

Stage IV, fhe oval organelle is electron-opaque without

discernable internal structure in routine preparations.

It would now seem probable that a point has been

reached where further understanding of the ultrastructure
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of the melanocyte will not depend on routine transmission

electron microscopy. It is certainly difficult to imagine

material superior to that published by Maul (1969), in

his ultrastructural studies of human melanoma in vitro.

His beautiful pictures confirm moot of the observations

described above, though his conclu ion3 on the origin of

melanosomes are# in some ways, different (see page 106).

The events described above have been summarised

di dramatically by Fitspatrich et aL. (1967).

Figure 6: The -melanocyte and aelaa in biosynthesis.

PT'IS = Stage I - III melanosoaes. K3 = Stage IV melanosome

(From Fitzpatrick et al., 1967)
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d> * CUC.i U.3.-j. wTwAiCQS iu •^npmentci. b XOi'j.

It seems extraordinary that it was not until the

late nineteen sixties that don be-an to understand why

negroes were black an caucusoida white. The work of

Baabo and Wolff ana their colleagues has clarified the

problem and is worth summarising. As mentioned earlier

there is no difference in the number of melanocytes

between negroes and caucasoids (Billingham, 1949).

There are however fewei' meianosomes in the melanocytes

find keratinocytes of caucasoids and mongoloids. Of

those present in the melanocyte most are in Stages I,

II and III. Those in the keratinocytes are in Stage IV

but tend to be grouped in membrane-limited organelles to

form "melanosome complexes". The appearance is different

in negroids and Australian Aborigines. Here there are

more mela.nosomes in the melanocytes and keratinocytes

and a high proportion of melanosomes are seen at the

17th stage of development. Those in keratinocytes

appear mostly on their own (Plate 7) rather than in

complexes (ilate 5)» Wolff and Konrad (Wolff and

Konrad, 1972; Konrad and Wolff, 1973) have shown,

both experimentally (using latex beads in guinea pig

skin) and in human pigmentary disorders, that the

complexing of melanoaomes in keratinocytes is a

sise-dependent phenomenon. Particles of 0.In¬
tended to be complexed whilst those with a diameter

of 0.8^ were not.



28

In summary, it seems that the main reasons why

negroids are black when compared with caucasoids

are:

1) their melanocytes, though not increased in number,

produce more melanosomes;

2) their melanosomes are more fully pigmented (i.e.

more in Stage IV);

3) their melanosomes are larger;

4) their melanosomes are disposed individually in

the keratinocytes.

(Ssabo et al., 1969)
These are illustrated in Figure 7.



CAUCASO/D
KERATINOCYTE

NEGROID
KERATINOCYTE

EPIDERMAL EPIDERMAL
MELANOCYTE MELANOCYTE

Figure 7: Diagrammatic representation of enidormal

melanin un.lts in caucasolds and negroids.

(From Toda et al.t 1972)

It may be that, in caucasoids, melanosomes are

degraded more rapidly in mel nosomal complexes, as

these are known to contain hydrolytic enzymes and

en be regarded as lysosomes (Hori et al., 1968;

(1)
"ELANOSOME FORMATION"

(4)
MELANOSOME

DEGRADATION

(3)
MELANOSOME SECRETION-Q

(2)
MELANOSOME MELANIZATION -
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Wolff and Schreiner, 1970aj Wolff and Honigsmann, 1972).
It does not require much imagination to visualize

how genetic factors could influence numerous points in

the process of melanin production by the melanocyte,

and melanosomal transfer to the keratinocyte. They

could regulate early events in melanoblast migration,

melanocyte morphology, melanosomal structure,

tyrosinase activity, types of melanin synthesized,

melanosomal transfer to keratinocytes and melanosomal

degradation within keratinocytes (Quevedo, 1971),
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3. THli! L-.UG .R11A..3 (TILL

a,. Paul Lamterhans

Over one hundred years ago the German pathologist

Paul Langerhans described a dendritic cell in human

epidermis which stained with gold chloride (Langerhans,

1868). As the function of this cell remains unknown

it continues to be named eponymously. For this reason,

and also because the first personal contribution to

this thesis concerns Paul Langerhans, it is worthwhile

spending a little time outlining the life of this

remarkable man. The biographical details are taken

from a tribute to Paul Langerhans by Giacometti and

Barss (1969) •

Paul Langerhans was born in 1647 in Berlin. Whilst

still a medical student working in Virchow's laboratory

he published a paper describing high level intraepidermal

dendritic cells in human skin. He demonstrated these

U3ing Cohnheim's gold chloride method (Cohnheira was

one of his teachers), a procedure thpught then to

stain only nerves (Fig. 8).
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Figure 8: Lan^erhans* original drawing of f~olfl chloride

staining cells in epidermis.

{From L ngerhans» 1868)

Langerhans considered that the cells represented

intraepidermal neural elements and that they had nothing

to do with pigmentation, although his original drawings

depict a centrally directed process passing to the

dermis, this has not been confirmed by later workers.

Interestingly, langerhans himself admitted that the
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evidence for such a central process was rather slender.

The nert year (I869)»he completed his doctoral

thesis for the University of Berlin on the "Microscopic

Anatomy of the Abdominal Salivary Glands" find in so

doing wrote his name into medical history. All doctors

know of the islets in the pancreas, which he so clearly

described in this thesis, and with which his name is

invariably associated.

In 1870 he enlisted for medical duties in the

Franco-Prussian war and saw service on the front. On

his return he became Assistant Professor at the University

of Freiberg and, in spite of a heavy teaching load, wrote

papers on the histology of the myocardium and accessory

glands of the genitals.

About this time he developed tuberculosis and

eventually, because of his health, moved to the island

of Madeira. Fortunately his health improved considerably

rand he spent thirteen busy and happy years there. He

had a successful private practice, but still found time

to publish important papers on polychaete worms (Bbllng,

1974).

In 1885, when he was thirty eight he married and

the happy couple had one child, a daughter, Alas,

the marriage was short-lived; in July 1888 he

succumbed to a renal disease, possibly related to

tuberculosis. He was buried at the British Cemetery

in Furichal.



In 1969 I read the fascinating tribute to

Langerhans by Giacometti and Barss (1969)# Luckily

my wife and I were holidaying in Madeira in 1973# We

visited the British Cemetery and, after a long search,

my wife found the grave of Paul Langerhans, overgrown

and all but hidden. We persuaded the gardener at the

peaceful cemetery to tidy his resting place and

returned the next day to find that he had kept his

word (Plate 2).
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Plate 2: The /rrave of Paul lan&erhans.

The British. Cemetery, Fanchal, Madeira.
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The epitaph from Homer's Odyssey was now clearly

depicted: "My heart no longer wishes to go on living

and behold the light of the sun." As Giacometti and

Barss (1969) have pointed out this seemed a strange

choice unless it was to express the grief of his wife.

"Those who knew Langerhans spoke of him as a typical

child of Berlin, of happy and genial disposition, with

a keen desire to advance knowledge."

The story does not end here. Quite by chance

sitting at the next dining room table in our hotel

was a rather lonely looking man. We soon learned that

he was German and recalled our visit to the grave of

one of his expatriots. He seemed particularly

interested in Langerhans and his work, and was appalled

to hear that the grave of such a famous son of Germany

should be so overlooked. Amazingly our acquaintance

told us that he was a member of a National Committee,

which, amongst other things, was responsible for the

maintenance of graves of famous Germans. Without

delay he would make the necessary arrangements with the

German Consulate in Funchal to ensure that the grove

of Langerhans would be looked after in nernctxxo. Some

months later we had a letter from our providential

friend confirming that he had been succesfaful (Pieper,

1973) • By that time we had found out that our

correspondent from Munich was himself a Christian

philosopher of considerable fame, and the author of



numerous books, Professor Joseph Heper.

Today the problems posed by the Langerhana cell

are certainly more basic than those of the melanocyte.

Prom the preceding sections it should be clear that

considerable knowledge of the structure and function

of the melanocyte has been gained over the last fifty

years. Unfortunately, although much is known about the

structure of the Lan erhans cell little is understood

about its origin and function. The problem has been

discussed fully in some excellent reviews (Ferreira -

Marques, 1951; Breathnaeh, 1965; Wolff, 1972 and Riley,

1975) nd must surely now be reaching book proportions.

The moot significant findings will be detailed.

*>• 149*9,1 OUT hiqtoch^aistry of, the, J..-:irtqerhr-ne cell.

There is now no doubt that the Langerhans cell,

high level clear cell (hasson, 1948) and white dendritic

cell (Billinghara, 1948) are identical. It is seen most

commonly, though not exclusively, in the superficial

part of the stratum Molpighii. Like the melanocyte

the cytoplasm appears clear, and similarly, unless the

tissue is fixed well, is apt to collapse around the

convoluted nucleus leaving an empty space. At a light

microscopic level the cell is never seen to contain

pigment and has not been recognised in the homy layer.

Time has shown that Billingham and Kedawar (1953) were

wrong in considering that melanocytes and Langerhans
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cells either occur together in the epidermis or are

both absent. Indeed either can be seen in the epidermis

in the absence of the other.

Bloch's work on the melanocyte opened up numerous

new avenues of research. The specific dopa reaction

allowed counting of the cell in vertical sections and

epidermal sheets, and much information about the

was obtained. Unfortunately no single histochemical

technique for demonstration of the Langerhans cell in

human skin has proved to be so dependable and specific.

Gold impregnation, osmium iodide, quinone imine dyes,

as well as methods for detecting nucleoside phosphatase,

amino peptidase,o(-D-mannosidase and other ensymes (see
Riley, 1975) all have their advocates, but the number

of different methods available tells its own tale of woe.

The problem is not made easier by the fact that a suitable

histochemical method for detecting the cell in one animal

may be different from that in another (Wolff and

Winkelmann, 1967). Nevertheless careful studies carried

out with the necessary controls and, if possible, electron

microscopic monitoring, are reliable (Wolff, 1972) and

have led to important conclusions about the quantitative

behaviour of the Langerhans cell population. Using the

A.T.P.'ase method for detecting Langerhans cells in

epidermal sh >ets of guinea pigs, Wolff and Winkelmann

concluded that:

melanocyte in normal pathological conditions



1) Langerhans cells contribute a surprisingly constant

component of the epidermis (approximate!y 900 cells
2 \

per mm );

2) there are no significant regional differences in

Langerfaans cell counts;

3) the number of Langerhans cells is independent of

the type or intensity of pigmentation.

c. Ultras! rupture of the 1;-ngerhans cell

Birbeek et al. (1961) were the first to outline the

typical ultrastructural characteristics of the Langerhans

cell.

1) Mo tonofibrils in cytoplasm. No desmosomes.

2) Indented nucleus.

3) Well developed Golgi apparatus.

4) No melanosomes.

5) Presence of a characteristic granule now referred

to as "langerhans cell granule".

The most specific of these is undoubtedly 5). There

is now general agreement that cells containing typical

granules can be called Langerhans cells. Unfortunately

problems arise when criteria 1) - 4) are satisfied but

not 5)* This could be due to either a chance section

through Langerhans cell with few granules, or to the

possibility that some cells may be immature Langerhans

cells which do not contain any granules. Indeed serial

sectioning has indicated that the latter type of cell
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does occur. In any case such cells can at present only

be termed "indeterminate" (Zelickson and Kottaa, 1968)

(see page 59).
The cytoplasm and organelles of the Langerhans cell

suggest that it is very active metabolically. There are

numerous mitochondria, a well developed Golgi apparatus

and endoplasmic reticulum, and often plentiful ribosomes.

Lysosomes are seen frequently and may contain a granular

matrix or whorled membranes (see Chapter III). However

the most striking organelle is the langerhans cell

granule. This is disc shaped and often has a vesicle

at one end, though occasionally one at both ends or in

the middle. The most common image is a rod like profile

with a central lamella showing cross striation with a

periodicity of 60 - 90A° (Wolff, 1972), Often, if the

vesicle is at one end, a highly characteristic profile

resembling a tennis racket is seen (Fig. 9). If the

granules are cut face on a two-dimensional square lattice

of particles may be apparent (Fig. 10).

Prom the analysis of different images obtained in

serial sections, Wolff (1967) and Sagebiel and Reed

(1968) have suggested that the granule is a flat plate¬

like structure writh a spherical or hemispherical blob

protruding from its surface. Variations include curved,

twisted and cup like shapes of the disc (Fig. 9).
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Figure 9: Three dimensional reconstruction of L- r^orhans
cell granules.

(Figs. 9 and 10 from Sagebiel and Reed, 1968)

Figure 10: The appearance of the central 1 rnell- of the rod
changes according to the nnrle of section.

A. Interrupted periodicity of 100A° (see Plates 17 and 18),
B, Ho periodicity evident (see Plates 19 and 20).
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The granules are seen randomly distributed throughout

the cytoplasm though some workers have mentioned greater

numbers near the Golgi apparatus and rarely, in normal

skin, they can be seen attached to the cell wall,

3o far no onayiaic activity has been detected within

the granules using electron microscopic cytochemical

techniques, though they stain with osmium sine iodide

(Niebauer et al.f 1969), a reaction attributed to their

high lipid content.

There is still no general agreement as to whether

the Langerhans cell granules arise from the Golgi apparatus

and travel to the cell membrane where they discharge their

contents ("secretion theory" Breathziach» 1964), or

whether they originate at the cell membrane by a process

of endocytosis and migrate to the Golgi region

("endocytosis theory" Hashimoto, 1971). Points for

and against both theories havo been listed by Wolff

(1972). Niebauer et al» (1969) mentioned that most

researchers working on epidermal Langerhans cells prefer

the secretion theory, whilst those investigating

histiocytosis X (see later) prefer the endocytosis

hypothesis. Certainly experiments involving the

uptake of tracer materials such as horse-radish

peroxidase (Wolff and Schreiner, 1970), thorotrast

(Wolff and Honigsmann, 1971) and ferritin (Sagebiel, 1972)
lend no support to the endocytosis hypothesis.
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da The origin of the Langerhans cell

The earliest date at which Langerhans cells have

been seen in human foetal epidermis is in the fourteenth

week of gestation (Breathnach and Xylite, 1965). At

this time melanocytes are already present, and on this

evidence alone it could not be denied that the Langorhans

cell might be derived, from the melanocyte. However the

elegant experiments of Breathnach et al. (1968), in which

neural crest-free skin grafts of mice were transplanted

into spleens of histocompatible animals, revealed that

after three to five weeks Langerhans cells were present

in both the epidermis and dermis, whilst melanocytes,

nerve axons and Schwann cells were consistently absent.

This was thought to provide definitive evidence that

melanocytes and Langerhans colls were of different

lineage, and supported a mesodermal origin for the

Langerhans cell, (The Langerhans cells noted in the

epidermis could have come from the mesodermal cells

in the subepidermal connective tissue of the graft or

from the hoot spleen, either directly or from cells of

the recipient circulating in the spleen.) Interestingly,

with the exception of the thymus (initially of endodermal

derivation, but later containing mesodermal components)
all extraepithelial sites of Langerhans cells represent

mesodermal compartments (v/olff, 1972).
Reams and Tompkins (1973) modified the above

experiment and transplanted neural crest-free skin



graft a from mice into chick embryos. As Langerhans

cells have not been found in the chick, their appearance

in the grafted skin would mean that they had originated

in the graft, Langerhano cells, but not melanocytes,

were duly found in the graft and so these workers also

concluded that the origin of the langerhans coll and

melanocyte was different. Two origins of the Langerhans

cell seemed possible;

1) mesenchyme (subepidermal connective tissue) of graft

2) epidermal cells (keratinocytes) of graft.

In an effort to find out which was most probable

Reams and Tompkins then implanted mouse 'ectoderm*

into normal, chick skin and noted that the resulting

chimeric epidermis contained Langerhans cello. They

felt that this was good evidence for an ectodermal

origin of the Langerhans cell and that the cell was

derived from keratinocytes. Of course the results

of their experiments depend on the assumption that

Langerhans cells were not already present in the

subepidermal connective tissue of grafts before

transplantation, and that 'pure* ectodermal grafts

(without adherent mesoderm) can be prepared. Both

assumptions seem tinjustifiable.

A thymic origin is unlikely because Langerhans

cells have been found in the epidermis of athyrnic

nude mice (Hunter et al., 1^76).
Whatever the origin of Langerhans cells, it now



seems clear that, once they reach the epidermis, they

form a stable self-replicating and constant cell

population in which there is very little turnover

of cells (Giacometti and Montagna, 1967? Schellander

and Wolff, 1967; Wolff and Winkelmann, 1967 and

Mackenzie, 1975)•

e. Distribution of han/yerhans cells in the body

The localization of cells which satisfy the

ultrastruetural criteria of Langerhans cells can best

be described under

(i) epithelia capable of keratlnisation;

(ii) other sites,

(i) Bnithelia capable of keratinioation

Langerhans cells have been found in:

(a) normal epidermis (see Chapter III)

(b) epithelia of skin appendages, e.g. external root

sheath of hair follicles (Breathnach, 1963)*

sebaceous glands (Jimbow et al., 1963a)

(c) oral, gingival and nasal mucosae (Schroeder and

Theilade, 1966; Schenk, 1975)

(d) cervical mucosa (Hacker arm et al., 1968)

(e) the mucosae of vitamin A deficient rat trachea and

bladder (Wong and Buck, 1971)



(ii) Other sites

Langerhans cells are demonstrable in:

(a) dermis of normal skin (Zelickson, 1965)

(b) stroma of benign ap' endage tumours (Hashimoto and

farnowski, 1968)

(c) inflammatory infiltrate in some skin conditions,

e.g. pityriasis rosea (Hashimoto and Tarnowski,

1968)

(d) lymph nodes (Jimbow et al., 1969b; Shamoto et al.f

1971)

(e) thymus (von Haelst, 1969)

(f) lesions of histiocytosis X, (Basset et al., 1965?

Cancilla et al., 1967 and Morales et al., 1969).

f. Histiocytosis X

In 1965 Madame Basset and her associates noticed

what they thought were viral inclusions in histiocytes

of bony lesions of histiocytosis X, Soon it was realised

that these inclusions were identical to Langerhans cell

granules, and their ob. ervation changed the direction

of research. Until that time most workers were

thinking of some type of relationship between the

Langerhans cell and the melanocyte, but the French

findings immediately encouraged concentration on a

histiocytic role "or the Langerhans cell (Hashimoto,

1971). It is now known th :t the cell can be seen in

all types of histiocytosis X, i.e. Letterer Siwe, Hand
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of the disease. Usually a considerable number, but

not all, cells in the infiltrates of these conditions

contain Langerhans cell granules, but histiocytes

containing the granules are not necessarily seen in

all lesions (Wolff, 1972).

Only minor structural variations in the granule

have been noted in cello of histiocytosis X when

compared with those in the epidermal Langerhans cell

(Niebauer et al., 1969). T'ho models reconstructed

from three dimensional analysis of histiocytosis X

granules (Tusques and Pradal, 1969) are very similar

to those suggested by Sagebiel and Reed (i960) for

epidermal Lsngerhans cells and it seems probable that

histiocytosis X represents some disorder, either

reactive or neoplastic, of the Langerhane cell.

As histiocytosis X cells can be cultured in

large numbers in vitro more easily than epidermal

Langerhans cello, this allowed Basset and her

colleagues to carry out studies similar to those which

Seiji et al. (1961) had used when investigating the

melanosome. Subcellular fractions were obtained in

which the granules appeared mined with microsomes and

membranes, 'hasymatic activities have so far not been

detected in the granules but they are disrupted by

treatment with pronase and trypsin. R.H.A.'ase

reduces the density of the central lamella and the

internal leaflet of the membrane and causes the whole



granule to swell. Hyaluronidase nd I),N,A.*ase have

no effect (Basset et Nezelof, 1969; Nezelof et al.,

1973).

g. Function of the Langerhans cell

Today the function of the Langorhans cell atill

remains a matter of conjecture and the problem must

be more perplexing than Langerhans could have ever

dreamed. Neural theories gave way to ideas that the

cell was, in some way, related to the melanocyte. The

discovery of the cells in histiocytosis a led to views

that it was a type of phagocyte. Still the jigsaw did

not fit <and ideas ranging from proposals that the cell

influences keratinisation to notions that it is some

form of unmunoeyte Indicate the complexity of the

problem.

At a meeting of the Scottish Dermatological

Society on March 9th, 1972 I reviewed the problem

of the function of the cell and summarised my

interpretation of recent publications (Hunter, 1972b).
The following is an updated version of my 1972 paper.

When considering the function of the Langerhans

cell four broad possibilities have attracted interest.

(i) The ceil is a functioning neural element.

(ii) The cell is related to the melanocyte system.

(iil)The cell is a specialised macrophage.
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(iv) The cell influenceb leratinitiation.

(i) -hq Ikxxy^yhans g.ell as a f;mptiorMng neural element

Langerhans cells may be:

modified Schwann cells which have migrated from the

dermis into the epidermis (?eiv*oira~n .rques, 1951)
an intraepidermal component of peripheral autonomic

nervous system (Richter, 1956}

paid; of -i hieurohormonal' system of the skin,

(Wiedmann, 1952).
For:

Langerhans cello stain similarly to nerve cells

with gold chloride, methylene blue and osmium iodide

(Langerhans, 1868; Kishima and Miller-Malinska, 1961;

iTiebauer et al,, 1969). A.T.?. 'ase reaction also

similar.

Light microscopic hiatochemical methods reveal

possible connections with papillary dermal plexus of

nerves and a decrease in number of Langerhans cells when

there is nerve destruction (e.g. Leprosy, Richter, 1956).
gainst:

Most staining techniques capricious. Light microscopy

does not reveal connections between Langerhans cells \

.T.P. *ase) and dermal nerve endings (./inkelmann, \
. ? i

1960). !
s

Dermal nerve fibres are not seen crossing basal
I

lamina in normal skin. Electron microscopic appearance
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unlike nerves or glial cells. Blectron microscopy

reveals that Schwann cells are only rarely seen in

mitosis and are not related to the dendrites of

Langerhans cells (Breathnach, 1965). Blectron

microscopic evidence for presence of Langerhans cells

when dermal nerve fibre destruction in Leprosy

(Breathnach et al., 1962).

Conclusion

The Longerhnns cell is not a functioning neural

element.

(ii) The Langerhans ce.ll is related to the melanocyte system

Langerhans cells may represent effete melanocytes

(Masson, 1951; Blllingham and Medawar, 1955)#

Langerhane cells are division products of melanocytes

(Masson, 19515 Breathnach, 1963)*

Melanocytes and Langerhans cells are derived from

same stem cell (Zelickson, 1967).

For;

Similar morphology (dendritic, no desmosomes and no

tonofibrils).

Roughly a 1:1 ratio between numbers and distribution

similar (Billingham find Medawar, 1953)*

Reciprocal relationship between melanocytes and

Lan erhans cells in guinea pigs when exposed to ultra¬

violet irradiation, Thorium X and X-rays (Fan et al.,

1959).
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Reciprocal relationship between melanocytes and

Langerhans cells in humans in vitiligo and following

ultraviolet irradiation - light and electron microscopy

(Birbeck et al., 1961; 5elickson and Kottaz, 1970).

Reciprocal relationship between melanocytes and

Langerhans cells in cultures of guinea pig epidermal

cells (Oruikshank and Cooper, 1975).

Melanocytes find Langerhans cells visible in

epidermis of fourteen week human foetus (Breathnach

and Wyllie, 1965).

Against t

Electron microscopic structure is not that of an

effete cell but is suggestive of one actively

synthesi3ing protein and granules.

In guinea pig, no fixed ratio between epidermal

A.T.P.'ase and dopa positive cells at different sites

(Wolff and Winkelmann, 1967).
In guinea pig, increase in dopa positive cells

but no change in number of A.T.P.base positive cells

after ultraviolet stimulation (Wolf-" and inkolmami,

Vitiligo: no increase in A.T.P.*ase positive cells

(Brown et al», 1967).

Carcinogenic substances applied to Syrian hamsters

cause melanomas but no increase in Langerhans cells

(Rappaport et al., 1965).

Depigmenting agents damage melanocytes but not

1967).
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Langerhans cells (Bleehen et al.f 1968).

Langerhans cells capable of mitosis (Giacornetti and

Montagna, 1967? Mackenzie, 1975)*

Langerhans cells appear in neural crest-free

explants of mouse foetal skin onto spleen (Silvers, 1957;

Breathnach et al., 1968) and into chick (Reams and

fompklns, 1973)•

Langerhans cell3 present in duct of sebaceous glands

where there are no melanocytes (Breathnach, 1965).

Melanocytes rarely contain Langerhans granules

(Mottaz et al., 1971).

Langerhans cells rarely contain melanosomes

(-ichima, 1966; Zelickson, 1965).

Langerhans cells - electron microscopic dopa reaction

negative (Hunter et al., 1968).
Conclusion

It seems unlikely that there is any direct

relationship between melanocytes and Langerhans cells.

It may be that both populations of cells share similar

territories, particularly in the basal layer of the

epidermis, and that some of the above findings can be

explained on the basis of mutual territorial competition

(Breathnach et al., 1968 and Riley, 1975).

(iii) The Lanrerhans cell is a specialised macrophage.

Langerhans cells are a type of intra-epldermal

macrophage and, in particular, may behave like



macrophages in cell mediated immune reactions or

have some other local immunological function.

For:

Morphologically similar to macrophage, though latter

does not usually contain Langerhans granules (Tarnowski
and Hashimoto, 1967).

Occurs in histiocytic tumours (Basset et al., 1965;

Cancilla, 1967; Hashimoto and Tarnowski, 1968).

Lysosomal/hydrolytic enzyme content similar (Wolff

and Winkelmann, 1967; Tarnowski and Hashimoto, 1967).

Phagocytic potential. Can engulf:

melanosomes (Zelickson, 1965; Breathnach and

Wyllie, 1965; Kishima, 1966);

ferritin (Hordcmist et al., 1966);

horse-radish peroxidase (Hashimoto, 1971).

Present in sites suggesting mesenchymal origin:

stroma of skin appendages (Hashimoto and Tarnowski,

1968);

lymph nodes (Jimbow et al., 1969).

Apposition of Langerhans cells to ly-phocytes noted

in epidermis after experimental production of contact

dermatitis, but not seen in primary irritant reactions

(Silberberg et al., 1971, 1973 and 1974). Silberberg

and his colleagues (1975) have also noted apposition

of Langerhans cells to effector lymphocytes in the

dermis of passively induced contact dermatitis. The

follox^ing interpretation has be n proposed by Silberberg



et al#, (1975):
"Some of the mononuclear cell3 apposed to

Langerhans cells are specifically sensitised

lymphocytes which interact with antigens on

or near the surface of langerhans cells. In

response to factors, lymphokines, which are

released when sensitized lymphocytes contact

antigen, damage to some Langerhans cells, as

evidenced by ultrastructural changes, occurs.

Thus Langerhans cells may be targets for the

specifically sensitized lymphocytes, with

substances released from lysosoraes and other

organelles of the Langerhans cells, leading

to further inflammatory changes."

Against:

Macrophages rarely contain Langerhans cell granules.

Keratinocytes engulf horse-radish peroxidase more

avidly than Langerhans cells. Horso-radish peroxidase

seen only in Langerhans cell granules attached to cell

wall. Tubular epithelium of kidney and hepatocytes have

similar non specific phagocytic activity (Wolff and

Schreiner, 1970)»

Only few of the enzyme activities demonstrated in

Langerhans cells are chnracteristic of lysosomal enzymes

usually associ' tcd with macrophages (Riley, 1975).
Behaviour of Langerhans cells in vitro is entirely

different from that of known macrophages (Oruikshank and



Cooper, 1975).

Conclusion

Its lo*r phagocytic potential rules out a role as

a conventional macrophage (as defined by Langervoort

et al,, 1970) but a function involving interaction with

antigen, or other forms of participation in cell

mediated reactions in the skin, is possible. However

it is not a modified T lymphocyte because:

a) Langerhans cells remain present in mouse epidermis

when animals given anti-lymphocytic serum and

immuno-suppressing agents (Reams and Greco,

1969 and 1970);

b) Langerhans cells appear normal in the epidermis

of the atnymic nu/nu mouse (Hunter et al., 1975).
These animals are T lymphocyte deficient; delayed

hypersensitivity reactions, including contact

dermatitis, are abolished and grafts of foreign

tissue are accepted (Cubie, 1976).

(iv) Relationship with keratinjection

Langerhans cells may influence the orderly process

of orthokeratotic keratinisation, or regulate

epidermal cell turnover.

2or:

Langerhans cells found in other epithelia capable

of keratinisation:

human cervix (Hackemann et al., 1971)
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vitamin A—deficient rat trachea and bladder

(Wong and Buck, 1971).
Increased number of Langerhans cells in the more

heavily keratlnised (slow turnover rate) oral mucosa

compared with non keratinised mucosa (Hutchens et al.,

1971; Sagebiel et al., 1971).

Increased number of Langerhans cells in ichthyosis

with hyperkeratosis (Giacometti, 1968) but decreased in

psoriasis with parakeratosis (Giacometti, 1968; Ssekeres,

1970).

Presence of Langerhans cells in the lesions of benign

hyperkeratotic tumours such as viral warts (Pritsch, 1971)

and seborrhoeie warts (Kolokhia and Portnoy, 1971).

Relationship between Lngerhans cells and stacking

of the horny layer cells in mouse epidermis (Mackenzie,

1972; Allen raid Potten, 1974).
Distribution in mouse tail related to a special

form of keratinisation, associated with a granular

layer and a basket weave type of keratin (Riley, 1966).
There is an inverse relationship between the number

of Langerhans cells and epidermal mitotic rate (Sagebiel

et al., 1971).

Removal of keratin by sellotape stripping results

in:

a) initial decrease in A.T.P.*ase positive cells

(Lessard et al., 1966 and 1968);

b) appearance of parts of Langerhans cells in
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keratinocytes and melanocytes (Mottaz et al.,

1971);

c) reconstitution of the epithelium before Langerhans

cell repopulation (Lessard et al., 1968).

Langerhans cells migrate with epidermal cells

during re-epithelialization in wound healing (G-iacometti,

1969).

In vitro studies show a close relationship with

keratinocytes (Constable, 1975) and langerhans cells

appear to act as *organizers* (Cruikshank and Cooper,

1975).

Against:

After tape stripping of epidermis it takes about

15 days for the number of Lang rhans cells to return

to normal, but only 4 days for the epidermis to resume

its normal keratinizing function (Lessard et al., 1968).

Langerhans cells are not found in Hassal*s bodies

of the thymus (van Haelst, 1969).

A higher number of Langerhans cells are found in

the thickened epidermis of the mouse footpad (Mackenzie

and Souier, 1975) when compared with the thinned

epidermis of the mouse ear (Mackenzie, 1972) even

though the labelling index and rate of regeneration

of mouse footpad epidermis is higher than that of ear

epidermis (Christophers and Laurence, 1975; Mackenzie,

1974).

Conclusion

Although Langerhans colls are certainly not responsible



for the process of keratinisation per se, it seems

probable that thoy are involved in regulating the

process, perhaps by maintaining a physiological

equilibrium between differentiation and mitotic

activity (Prunieras, 1969).

Cruickshank's 'organizing' theory is not only

attractive, but is supported by impressive time lapse

cinematographic evidence in vitro (personal viewing

of film, 1973; Cruickshank and Cooper, 1975). The

hypothesis of an "Epidermal Langerhans Cell Unit"

(Wolff and Winkelmann, 1967a), consisting of the

Langerhans cell surrounded by a clone of keratinocytes,

all functioning as a unit, seems justifiable.
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4. Tin? nn^nrrxinA?^ r>L?rppj?ic cbll

The epidermis contains a third dendritic cell

(Breathnach et al., 19S3 5 which has heen described

under numerous different names (''Type-3 cells",

Snell, 1965; "Indeterminate" cells, 2ielickson and

Mottaz, 1968; "Alpha" cells, Mishima et al,, 1972),
Its identification is best made at an ultrastructural

level as it lacks tonofibrils and desmosocial attachments

with surrounding cells. It his cytoplasmic features

similar to those of the melanocyte and Langerhans cell

except that im contains no me3.anosome3 or Langerhans

cell granules. It is usually found in the basal and

suprabasal layer of the epidermis (Zelickson and

Mottaz, 1968),

The indeterminate cell could be an immature

precursor of the melanocyte or Langerhans cell

(Hearas and Tompkins, 1973). It could also be

either a melanocyte or Langerhans cell with so few

melanosomes or Langerhans cell granules that none

are seen on thin sectioning, Wolff (1972) has

summarised the relevant evidence, but no firm

conclusions can be drawn, and they will not be discussed

further in this study.
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5. INTRODUCTION 20 THE PRpnDNT WORE

The present work was started in 1968 during a

visit to the electron microscopic laboratory of Dr.

A.8. Zeliekson in Minneapolis, U.S.A. Dr. Zelickson's

interest in epidermal dendritic cells soon became

infective, and ay studies on them have continu d. This

thesis describes and correlates these studies.

Ultrastruetural ch-ni :e in human epidermal dendritic

cells is the central theme of this study. It h a been

produced by artificial and measurable forms of 3tress

(ultraviolet irradiation, suction and friction) and

studied in pathological conditions where the nature of

the stress is ill-understood (malignant transformation).
♦

Pine structural changes in melanocytes and Langerhans cells

are compared and contrasted, deductions concerning the

structure and function of these cells made, and views

on the histogenesis of malignant melanoma and histiocytosis X

proposed.

When different avenues of research are explored

there are inevitably some blind alleys as well as
- V

previously unsuspected bonuses, The studies described

here are no exception. Perhaps the greatest regret,

concerning these studies, is that a form of stress

causing an alteration in keratinisation was not chosen,

in view of the possible role of the Langerhana cell in

this process (page 55). However studies investigating

this and possible immunological functions of the



Langerhane cell are underway at present (e.g. Hunter

et al., 1S76)} so the direction of research on this

cell has certainly altered.
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Chapter II

MATERIALS AND METHODS

Including

1. LIGHT MICROSCOPY

2. ELECTRON MICROSCOPY

3. PHOTOGRAPHY

4. OTHER METHODS



1. LIGHT MICROSCOPY

Tissue was fixed in Bouin*s fluid or formalin,

dehydrated, embedded in paraffin wax, sectioned and

stained in a routine pathological laboratory. The

staining methods were standard.

Routine - haematoxylin and eosin (H and S) (brury and

Walli gton, 1967).
Basement membrane - periodic acid - Schiff (PAS) (Drury

and Walling"on, 1967)•

Melanin - Masson Pontana (Drury and Wallington, 1967).
Some semi thin (1^ epoxy resin embedded sections

were studied. Stains used were toluidine blue (Kay,

1965) and haematoxylin and eosin (Chang, 1972)



2. BLCCWN MICMO3COPY

3. # Fixation

The following fixatives were used routinely:

(i) yfu glutaraldehyde in 0,1M cacodylate buffer

pH 7.4 (Chapters III, IV, V, VI and VII)

5-24 hours at 4°C;
(ii) 2.5:/ glutaraldehyde + \i° paraformaldehyde in

0.1M cacodylate buffer (K irnovsky, 1965)

(Chapters III, V, VI, VIII and IX)

5 hours at room temperature

In nearly all experiments the fixative was made

fresh (i.e. within 12 hours of experiment).

(iii) Osmic acid was vised for post fixation in all

experiments. Initially M> 030^ in eollidine
buffer was used (Chapters III, IV, V and VI)

but recently 3/ aqueous QSO^ was found to be
more satisfactory (Chapters VII, VIII and IX),

b. Embedding media

Epoxy resins were used.

(i) Epon 812 (Luft, 1961) (Chapters III and IV).

(ii) Araldite (Giauert and Giauert, 1958) (Chapters

III, V, VI, VII, VIII and IX)

c. Btaining

In most experiments (but not in Chapter IV) the

blocks were precontrasted with 0.5/ uranyl acetate in
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0.8M veronal acetate buffer or water (Farquhar and

Palade, 1965) after postfixation in OSO4.

Sections mounted on grids were stained with a

freshly prepared saturated solution of uranyl acetate

in 5Of- alcohol, then thoroughly rinsed and poststained

in lead citrate (Reynolds, 1965).

d. Routine schedule

There were only minor variations in the following

schedule.

Tissue, obtained either after surgical excision (general

anaesthetic) or as a biopsy performed with or without

local anaesthetic.

Immediate immersion in fixative.

One minute later specimen diced into cubes of about 0.5mm

under drop of fixative on dental, wax.

Fixation, 5 - 24 hours (room temperature or 4UC)«
Rinse X 5. Each 20 minutes. 0.1M cacodylate or phosphate

buffer. 4°C.

Storage (usually only overnight) in buffer - added sucros

(Weakley, 1972). 4°C.
Post fixation. 1 - 2 hours 0304. Icebath

Precontrasting in uranyl acetate. 45 minutes. 4°C + in

dark.

50/ ethyl alcohol. 5 minutes.

70,'- ethyl alcohol. 5 minutes X 2.

95/ ethyl alcohol. 5 minutes X 2.
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.Absolute ethyl alcohol X 3.

20 minutes fridge

20 minutes 4°C initially but increasing to room temperature

20 minutes room temperature.

Propylene oxide, 2:1, plastic - 1 hour - room temperature

Propylene oxide, 1:1, plastic ~ 3 hours - room temperature

Propylene oxide, 1:2, plastic - overnight - room temperature

Impregnation in plastic mixture - 24 hours - room temperature

(in trough - in desiccator)

Embedding and orientation in capsules or moulds using

fresh plastic mixture.

Polymerisation. 1 - 3 days at 60°G.
I«B. Heat propylene oxide was used (15 minutes X 2)

after the absolute alcohol stage in the early experiments

only (Chapters III and IV)

e. Ahin sectioning

IiKB II and LKB III ultratomes were used.

f. Electron microscopes

An R.C.A. 2.M.U.-3 (Chapter IV), an AEI E.M.6

(Chapters V and VI) and an AEI Corinth 275 (Chapters

III, VII and VIII) were used.

g. Magnification and measurement of size

Machine magnification was regularly checked using a

calibration grid (replica of a diffraction grating in
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which the distance between the parallel lines is

accurately known). Size was then measured using an

ultrestructure size calculator (Polaron Equipment Ltd.),

% PHOTOGRAPHY

Standard methods were employed.

A Devere 54 Varicon enlarger with a. point source

was used and most prints were obtained with an Ilford

rapid print processing machine (Super 12, Mark XI),

4. OTHER METHODS

More specialized methods will be outlined at the

beginning of each experiment.
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Chapter III

NORMAL EPIDERMIS

Including

1. INTRODUCEIon

2. MATERIALS AND METHODS

3. RESULTS

a, Light Microscopy

h. Electron Microscopy

(1) The keratinocyte and horny cell

(2) The melanocyte

(3) The Langerhana cell

4. DISCUSSION
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1 . IHTRODTJCTTHIT

It is, of course, essential to have a thorough

knowledge of the ultrastructure of normal dendritic

cells before calling tmy appearance abnormal. Within

small, but sometimes appreciable, limits the appearance

of their fine structure will vary according to the

processing and staining techniques employed, and for

this reason it is important to establish a norm for

the routine schedule of any laboratory.

The aim of the study in this chapter was therefore

to define the ultrastructural appearance of normal

epidermis using the same techniques as in later

experiments#



2. ;i I \L :ID

Normal skin was obtained from volunteers.

Initially small elliptical biopsies were taken under

local anaesthesia (1 xyloeaine), but recently shave

biopsies have been carried out with and without local

anaesthesia. Over twenty biopsies were examined, most

being taken from the forearm or lower back.



3. ABSULTS

a. Light microscopy

Semi-thin plastic embedded sections reveal detail

superior to that seen in routine paraffin embedded

material. With practice the epidermal dendritic cells

can bo picked out with relative ease and thin sections

cut to include them. Plate 1 shows normal epidermis

and all cell layers are distinct. Probable melanocytes

in the basal layer are arrowed (black).

The white arrows point to mid epidermal cells

different in character from the surrounding kem.tinocytes

of the squamous cell layer. The nuclei are convoluted

and the cytoplasm less dense. No prickles (desmosomes)

are seen connecting them to neighbouring cells. These

are most probably Langerhane cells.

However at the light microscopic level it is

impossible to be absolutely certain of the type of

cells which are not Heratinocytes. If they are in the

basal layer then they are most likely melanocytes and

if higher up in the epidermis, Langerhans cells. But

melanocytes above the basal layer and Langerhans cells

on the basal layer (e.g. Plate 15) can be seen, so the

epidermal situation of these cells is not a reliable

pointer to their character. The occasional mononuclear

inflammatory cell can .also be seon infiltrating normal

skin and, at a light microscopic level, these cannot

be distinguished from dendritic cells, finally electron
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microscopy is needed to distinguish dendritic cells

from 'indeterminate' cells (see Chapter 1.4)

b. -Electron microscopy

(1 ) 'ihe keratinocyte ap,d horny ce,3-l

The bulk of the epidermis is occupied by keratinocytes

and cells of the horny layer. Keratinocytes are

distinctive in that they contain small fibres (tonofilaments)

aggregated into bundles, called tonofibrils, and are attached

to each other by desmosooies (Plate 3). Free ribosomee

are usually plentiful but mitochondria are sparse and the

Golgi apparatus poorly developed. Melanoscmes in the

cytoplasm of keratiuocytea are seen either disposed

individually or completed in groups (Plates 5 and 7).
The cell surface consists of numerous interdigitatory

processes which are attached to those of neighbouring

cells by desmosomes (Plates 3 and 4).

In the basal layer the keratinocytes are aligned

vertically on the basal lamina to which they are attached

by hemidesmosomes (Plate 7). In mid epidermis they

appear polygonal but become flattened as they reach the

level of the granular cell layer. Here orderly

destruction of cell contents occurs, and their nuclei,

mitochondria and other organelles become degenerate

(Plate 8). At the same level keratohyalin granules

and membrane coating granules appear in the cell

(Plate 8) and the cell wall becomes thickened.
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Plate 3 (X 6,000):
Keratinocrrtas In squamous oell layer* Granular cell

layer top right. Hot© numerous tonoflhrils in cells

and desmosomea connectlng cells. Inset (X 32,500) shows

3 deemosomes.
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Plate 6 (X 7,500): Basal cell layer (tanned 0 ucasoid)
Note moot of mel?mosomes are in complexes (large arrow)
1>, Langerhans cell; D, dermis; small arrow points to
basal lamina.

Plate 7 (X 16,000); Penal colls an

Note nelano30..;es dispersed singly (;
Imall arrow points to hemic ear. ;ono e



Two types of cell can bo distinguished in the

horny layer; one has a homogenous matrix and the

other looksmore fibrillar and spongey. At ihis level

the cell walls appear thicker and variable amounts of

granular or reticular material may be seen in the

intercellular spaces (Plate 9). The desmooomes also

appear different at this level as there is now no

dense attachment plaque associated with the inner

aspect of the plasma membrane (Plate 9). In tanned

skin melanosomes con also be easily seen in cells of

the horny layer (Plate 9).
The appearance of the intercellular space is

variable. If fixation is good, and no local anaesthetic

is used when the biopsy is obtained,then it may be very-

narrow and even difficult to make out (Plates 3 and 7).

If wider, it may contain no obvious contents or an

amorphous material. Dendritic cell processes are seen

in the intercellul r space (Plate 4).
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(2) The melanocyte

At the ultrastructural level the melanocyte is a

distinctive cell. It is distinguished from neighbouring

keratinocytes by its lack of tonofibrils, and desmosomes

are absent. It is seen most often in the basal cell

layer (Plates 10 and 12) but sometimes seems to suspend

from it into the dermis (Plate 13)» Unlike the keratinooyte,

mitochondria are abundant but, curiously, are often poorly

preserved compared with those in other cell types (Plates
10 and 13)« Microfibrils, as distinct from tonofilaments,

are seen in the cytoplasm. Unlike tonofilaments they

show no tendency to form bundles and are often seen as

parallel arrays of fine filaments. The Oolgi apparatus

is usually prominent (Plates 10 and 12) and the endoplasmic

reticulum well developed.

The cell has a smooth plasma membrane which shows

occasional thickened areas when apposed to the basal

lamina (Plate 13)# There are however no hemidesmosomal

attachments to the basal lamina (Plates 10, 12 and 13)•
The characteristic organelle of the melanocyte is

the melanooome (Plate 11). These are numerous in

melanocytes of negroids and individuals with a dark

complexion (Plate 10) though they are seen without

difficulty in the melanocytes of those with a fair

skin (Plate 12). They are ovoid or rod shaped bodies

measuring 0.4 - 1.0^ in length and 0.1 - 0.5^min
diameter. The nomenclature of the four stages has



79.

been described already in Chapter I (page 25). Stage I

melanosomes are seen as spherical vesicles near the

Golgi apparatus. The other stages are usually seen

scattered 3ingly throughout the cytoplasm (Plate 10)

though there is a preponderance of Stage III and Stage

IV melanosoraes in the dendritic processes (Plate 4).

If preservation is good a distinct unit membrane can

be seen surrounding the internal structure of the

organelle (Plate 11). Occasionally complexed melanosomes

(as in Plates 5 and 6) are also seen in normal

melanocytes.
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(3) The Langorhans cell

Like the melanocyte the Langerhans cell is clearly

separable from the surrounding keratinocytes (Plate 14).

It is usually s^en in the mid epidermis, but in normal

skin may be near, or on, the basal lamina (Plate 15).

Its cytoplasm appears clear as it does not contain

tonofibrils and the nucleus is often convoluted. The

perinuclear space is also more prominent than in

keratinocytes. The plasma membrane lacks the villi

seen in the keratinocyte but is more ruffled than that

of the melanocyte. The cytoplasm contains numerous

mitochondria and a particularly prominent Golgi apparatus.

Occasional cytoplasmic microfilaments are present and

lysosor.es with a granular or lamellar matrix are frequent

(Plate 16). Centrioles are seen frequently (Plates 15

and 16).

The organelle which distinguishes the Langerhans

cell from others is the Langerhans cell granule (see

Chapter I page 39). In routine sections these are most

commonly seen as rod or racket shaped profiles (Plates
16 - 20). However more careful observation will reveal

other profiles which are due to oblique cuts through

granules (Plates 16 - 20), These can only be explained

if the granule is considered as a flat plate-like

structure with a spherical or hemispherical blob

protruding from its surface (see Chapter I page 41).

The granules are scattered throughout the cytoplasm
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and, in normal skin, are rarely seen attached to the

cell wall (Plate 20).

The vesicular portion of the granule has a clear

centre, and the internal face of its membrane has a

fuzzy coat which, in some sections, can be seen to consist

of regularly spaced granular particles. These particles

are continuous with those lining the outer membrane of

the rod-like portion (Plate 16),
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Plate 17 (x 29,000):
ngorVry, poll granules

(black arrows) showing
periodicity of central
lamella.
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Plate 18 (X 67,000):
Laa^erhans cell granules

showing striated appearance

(90A° periodicity)
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Plate 20 (X 108,000):
Granule attached to Langerhans

cell wall

K, keratinocyte
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4. DISCUSSION

The fine structure of the dendritic cells noted

here is similar to that reported in standard reviews

of them (e.g. Zelickson, 1967; Breathnach, 1971 and

Wolff, 1972). However the observation that mitochondria

of normal melanocytes seem particularly prone to

distension and rupture does not seem to have been

recorded elsewhere, though communication with other

workers, and examination of published micrographs,

confirms tha it is not uncommon. Its recognition

is important only in that such changes cannot be

attributed to any pathological event in other

situations.
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Chapter IV

SUBCELLULAR RESPONSES IN DENDRITIC

CELLS TO ULTRAVIOLET IRRADIATION.

Including

1. INTRODUCTION

2. MATERIAL AND METHODS

3. RESULTS

4. DISCUSSION

a) Subcellular responses

b) Cellular responses
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1. INTRODUCTION

Until 1968 moot knowledge on the aubcellul r

localisation of melanin biosynthesis had been gained

by the study of malignant melanoma, using techniques

involving ultra-centrifugal separation of cell particles

and density gradient centrifugation. The separated

fractions were then subjected to both enzymatic

analysis and electron microscopic examination, and

inferences were made regarding the role of various

organelles in melanogenesis (see Chapter I and

Pitzpatrick et al., 1967), In 1968 Novikoff et al.

described ultrastructural and cytochemical observations

on the origin of melanosomes, again studying neoplastic

melanocytes in mice. The following studies were

therefore undertaken to determine the subcellular sites

of raelanogenesis in normal human melanocytes.

As the work of Novikoff et al. (1968) had

highlighted the role of the G-olgi apparatus in

melanogenesis, particular attention was paid to this

region (shown schematically in Fig. 11). The term

saccule is preferred to cisterns, and the two faces

of the apparatus are called "vesicular" and "vacuolar"

rather than "forming" and "mature" in order to avoid

prccortee-ived notions on their function (Kollenhauer

and Whaley, 1963). The system of smooth endoplasmic

reticulum closely associated with the G-olgi apparatus

is referred to as GKRL according to the terminology of
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Novikoff (1967) and Novikoff et al. (1968). The

initials indicate that it is part of the endoplasmic

reticulum (ER), closely related to the Oolgi apparatus

(G-) and produces lysosomes (L). Serial sectioning has

revealed GKRL to be continuous with the rough endoplasmic

reticulum (Novikoff et al., 1966) and the G-olgi apparatus

(Maul, 1969).

2. MATERIAL AN') METHODS

Melanogenesis was induced by a single exposure of

ultraviolet radiation. Its subcellular localisation

was demonstrated by detecting tyrosinase activity,

using the ultrastructural dopa reaction described by

Mishima (1962), and the light microscopic tyrosine

reaction of Fitzpatrick et al, (1950) adapted for

electron microscopy.

The untanned skin of the upper forearm of a 30

year old caucasoid male was selected as the test site.

The minimal erythema dose (K2D) for this area using a

hot quartz lamp source (Burdick Company, Milton,

Wisconsin. Type QA 450. Feak transmission at the

309 nm and 313 run bands) was established. An area of
2

approximately 2 cm was then irradiated with a dose

equivalent to 6 X MED. This caused visible erythema

in 1 - 2 hours following irradiation and slight

clinical oedema by 24 hours, when the reaction appeared

to be at its height. Vesiculation was never noted and



91.

the treated area always showed residual pigmentation

when the erythema had disappeared (approx. 120 hours

following irradiation). A 3mm punch biopsy was taken

from the test area after irradiation and at the

following intervals: 2 hoiirs, 6 hours, 24 hours,

72 hours and 120 hours. Ultrastructural dopa,

tyrosine and control reactions were carried out

on each biopsy specimen.

Ultrastructural dona reaction

The tissue was fixed in cold 2.5f glutaraidehyde

0.1M phosphate buffer at pH 6.8 and sliced into thin

sections of approximately 100fm thick after 90 minutes.
Total fixation time was 2-3 hours. The sections were

then thoroughly rinsed in 0.1M phosphate buffer at pH

6.8 and transferred to the incubating medium containing

0.1 "A 1-3» 4-dopa freshly prepared in 0.1M phosphate
\

buffer at pH 6.8. The slices were kept in this overnight

at 3 - 4°C and then transferred to fresh incubating

medium at 37°0. After 7 hours incubation the sections

were rinsed and post-fixed in cold buffered 1$ osmium

tetroxide for 1 hour.

Ultrastructural tyrosine reaction

The tissue was again fixed in cold 2.5'," glutaraldehyde

0.1H phosphate buffer at pR 6.8 and sliced into thin

sections of approximately 100pm after 90 minutes. Total



fixation time was 2-3 hours. Following rinsing in

0.1M phosphate buffer at pH 6.8, the sections were

transferred to the incubation medium containing 0.05$

L-tyroslne freshly prepared in 0.1K phosphate buffer

at pll 6.8. After incubation overnight at 3 - 4°C the

sections were transferred to fresh incubation medium

and incubated at 37°C for 24 hours. The sections were

then rinsed and postfixed in cold osmium tetroxide.

Control reaction

This was carried out exactly as for the dopa and

tyrosine reactions except that the incubation medium

did not contain any substrate in the 0.114 phosphate

buffer at pH 6.8.

Other methodological details are as outlined in

Chapter II.



3. RESULTS

Following ultraviolet irradiation the dopa and

tyrosine reaction product is specifically deposited

within the melanocytes of the epidermis (Plate 21).

Keratinocytes and Langerhane cells do not contain

reaction product (Plates 21 and 23)» while ron-

irradiated melanocytes, incubated in dope or tyrosine,

may contain vesicular but not linear reaction product

(see below).

The cellular and subcellular localization and

nature of the reaction product using both substances

as substrates are essentially identical. With the

methods used, reaction product is more commonly seen

when dopa is the substrate, though subcellular

morphology has not been so well preserved as when

tyrosine is used. For this reason, the micrographs

are mainly from sections incubated in tyrosine.

Linear reaction product

Linear reaction product has been seen ins

1) smooth endoplasmic reticulum not cloarly

associated with the Golgi apparatus;

2) smooth endoplasmic reticulum closely

associated with the Golgi apparatus (GBRL),

this being the most common site (Plates 22,

24, 25 and 27);

3) Golgi saccules (Plates 24 and 28).
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The linear reaction product often appears to have

broken down into small vesicles containing reaction

product (Hates 24» 25» 27 and 28) end frequently-

similar vesicles bud from the ends or sides of saccules

containing reaction product (Plates 24 end 28).

Veslcul-T reaction product

VesicJLar reaction product has been seen in:

1) Golgi vesicles and vesicles closely associated

with Golgi apparatus (GERL) (Plates 22 and

24 - 28); it is often impossible to

differentiate between these;

2) intracytoplasmic vesicles of all sizes

ranging from 50nm to 500nm in diameter

(Plates 22 and 24 - 28).

At times, melanocytes demonstrating reaction product

contain Atage IX, III and I? melanosom.es in which there

is no deposition of the reaction product (Plate 26).

Rarely, a diffuse darkening of the cytoplasm of

dopa-incubated melanocytes was noted. This seemed

to be attributable to section thickness, but also

tended to occur at times when numerous vesicles

containing reaction product were present (e.g. 120

hours after irradiation).
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The subcellular localization of the reaction product

(summarized in Table 1) is dependent on the interval

following irradiation. Linear reaction product was not

seen until 24 hours following irradiation. At this time

a higher proportion of the reaction product was present

in a linear form in the smooth endoplasmic reticulum

associated with the Golgi apparatus, while at 120 hours

post irradiation more was seen in discrete vesicles of

all sizes.

Cellular and subcellular localization of reaction -product

Location

Incubated in DOPA or tyrosine Incubated in buffer

Non-
irrad. 2 hr. 6 hr. 24 hr. 72 hr. 120 hr. Non-

irrad. 24 hr. 72 hr.

Epidermis
Melanocyte
Cytoplasm (darkening) - — - - — + — - -

Mitochondrion - - — - — - — - -

Smooth endoplasmic re¬ - - - + + - - - -

ticulum

Golgi region
a) Associated smooth - - — + + + + + + — - -

endoplasmic reticu¬
lum (GERL)

b) Peripheral saccule - - - + + + + ++ — - —

and vesicles at the
vesicular face

c) Saccules - - - + + - — - -

d) Peripheral saccule - — - - + + — — —

and vacuoles at the
vacuolar face

Intracytoplasmic vesicles + + + + + + + +++ — — —

(100-500 mn)
Langerhans cell — — — — —

Keratinocyte —
— — —

~

Dermis
Mast cell —

— — — _ — — — —

Melanophage - None — — — None — — —

seen seen

— No reaction product noted, + Reaction product rarely noted, + + Reaction product commonly
noted, + + + Reaction product often noted.

Table 1: Localiza ion o't reaction product
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Reaction product was not noted in mast cells or

melanophages. Grids with numerous melanocytes containing

reaction product often had mast cells with characteristic

"finger printing" of their granules (indicating no

reaction product within) and no reaction product in other

areas.

t. DIP CUSPI PIT

a) Subcellular responses to ultraviolet irr- dir.tion

The ultrastructural cytochemical procedures used

in these experiments prove! relatively simple and the

results were readily reproducible. Presumably this

was in part due to the reaction product (melanin)

being electron dense and not requiring the addition of

a "capturing" reagent for its demonstration (Hunter, 1972b).

The distribution reaction product in both the

dopa and tyrosine experiments is very suggestive of

an important role for the Golgi region in the process

of melanogenesis. Pig. 11 is a composite diagram of

the Golgi region in a melanocyte. The subcellular

localisation of reaction product noted in the above

experiments is illustrated on the right of the

interrupted line.
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Figure 11: Composite diagram of the 0oh~i region in - mel-uioc.yte
To the left of the interrupted line the Golgi apparatus has
been labelled according to the terminology used in this
Chapter. G.VES, Golgi vesicles; G.SAC, Golgi saccules; G.VAC,
Golgi vacuoles; * Vesicular face of the apparatus; + Vacuolar
face of the apparatus; GBRL, Golgi associated system of smooth
endoplasmic reticulum; RBR, Rough endopla mic reticulum. The
subcellular localization of reaction product is illustrated
at the right of the interrupted line. The arrows indicate
suggested pathways in the development of the melanosome (ME).
A. From smooth endoplasmic reticulum. S. 5;,rom smooth
endoplasmic reticulum associated with the Golgi complex (GBRL).
C. From all parts of the Golgi apparatus. Of these, B pathway
appears to be the most common, hote the structxires resembling
the matrix of melanosomes (P) which contain no reaction product,
even though it is present in surrounding vesicles.
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Biochemical analysis, autoradiography and

ultrastructural morphology have indicate^ that

secretory proteins are concentrated and packaged at

various sites within the Qolgi region, depending on

the cell type examined. This occurs, for example, in

condensing vacuoles in guinea pig pancreas (Oaro and

Palade, 1964; Jaraieson and Pala.de, 1967), in vesicles

derived from opposite faces of the Oolgi apparatus in

rabbit polymorphonuclear leukocytes (Sainton and

Farquhar, 1966), in vacuoles derived from Onlgi saccules

in rat anterior pituitary cells (Smith and Farquhar,

1966) and in a Oolgi-associated system of smooth endoplasmic

reticulum in cells of rat adrenal medulla and mouse

melanoma (Holtzman and Bominitz, 1968? Novikoff et al.,

1968), Our observations support the concept that

tyrosinase may be packed in all of these regions in the

human melanocyte to a lesser or greater degree.

SFovikoff (1967), on the basis of a high acid

phosphatase content and its relationship with coated

vesicles and lysosomes, considers this Golgi-associated

system of smooth endoplasmic reticulum to have a special

functional significance. The above experiments would

certainly confirm its prime importance in the process

of melanogenesis. The observations suggest that most

vesicles containing tyrosinase make their earliest

appearance from this area, and vesicles of gradually

increasing size are seen between here and the cell
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periphery. The production of ouch vesicles would not

appear, in this instance, to involve the Golgi apparatus

at all. It is difficult to define the mechanism whereby

developing melanosomes increase in size as vesicles

containing reaction product have not been noted to fuse

together.

Tyrosinase activity has also been detected within

Golgi saccules, more often at the vesicular face

(Plates 24 and 28) than at the vacuolar face. Vesicles

containing tyrosinase appear to bud from these regions

as well (Plate 28), indicating other pathways of

melanosomal production.

Linear reaction product could not be demonstrated

in the melanocytes which were not exposed to ultraviolet

irradiation. The tyrosinase levels in these areas are

apparently too low for detection by this technique.

Ultraviolet irradiation causes a burst of tyrosinase

activity of limited duration, and the newly synthesized

enzyme can be detected as indicated in Table 2.

The findings of the experiments described above

have been accepted by other workers (Lever, 1975 and

Rupee, 1973) and the method is now used routinely for the

ultrastructural demonstration of active melanin synthesis

within a cell (e.g. Konrad et al., 1974).

Toda and Pitzpatrick (1971) have warned that it

would be unwise to infer that there is no tyrosinase

activity in Stages II, III and IV melanosomes, when
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glutaraldehyde profixation is used (as in the above

experiments). They have shown th- t such prefixation

inactivates tyrosinase in isolated melanosomal fractions

prepared from embryonic chick retinal pigment epithelium.

Iii their ultrastructural dopa studies they noted reaction

product in the surrounding membrane of Stage II, III and

IV melanosomee when the tissue was incubated in dopa

without prefixation. However their findings were

otherwise similar to those above regarding the localisation

of tyrosinase in the Golgi and surrounding region. They

summarised theins

"Tyrosinase is synthesized in the ribosome;

it then transfers to the G-olgi area and

attaches to the membrane; the membrane

balloons out from the smooth-surface endo¬

plasmic reticulum in the Golgi area, and the

Stage I melanooome is formed, in which

xnelanization begins. In the Stage II

rael-anosorae, the fine structure with

periodicity is not the supporting structure

of tyrosinase.w
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Fig. 12, taken from Toda and 'Pitapatrick's paper

depicts these views.

Figure 12: The formation of the molanosone (X = tyrosinase)

(From Toda and Pitapatrick, 1971)

Haul's (19«9) studies on the Golgi-melanobome

relationship in human melanoma cells in vitro are also worth

mentioning. His findings are not so different from those

reported above as first appears. By moans of three-

dimensional reconstruction of serial sections, he concluded

that the earliest melanosonal structure (with periodicity)

developed within focal dilatations of the tubular smooth

endoplasmic reticulum (i.e. G :RL) which is connected with

the Golgi lurin nelanogenesis. Ho noted that the frequency

with which connections between raelanosoiaes and smooth
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endoplasmic reticulum could be observed decreased with

progressive melanization. He went on to suggest that

tyrosinase might be channelled from the Oolgi complex

through tubular membrane structures into early melanosomes,

because there seemed to be tubular connections between

these and elements of the smooth endoplasmic reticulum as

well as the Golgi (Pig. 13). »uch an idea would fit in

very well with our experimental results.

Figure 13• I'aul's scheme for raelanosoraal for .ation
A schematic drawing of the relationship of the Golgi
apparatus (d), coated vesicles (cv), tubular smooth
endoplasmic reticulum (SER), raelanosomes (ml -m4)»
rough endoplasmic reticulum (HER) and centriole (c).
Ml - M4 melanosomes are in successive stages of development:
M1 slightly dilated SKR with lo gitudinal fibres forming
M2 helix formation and shortening of the matrix fibres
H3 beginning of melanin deposition
M4 melanoooiae close to completing melanin deposition;

the connection with SBR is resolved.
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In another study, using an ultrastructural dopa

reaction on regenerating fowl feather, Maul and

Brumbaugh (1971) proposed a rather different mechanism

by which tyrosinase becomes associated with the earliest

melanosorae. They found reaction product in a situation

identical to that noted in our experiments. As they

were unable to demonstrate tyrosinase activity in early

melanasomes they assumed that vesicles containing the

enzyme (seen near the 0-olgi) fused with early melanosomes,

though no evidence for this was seen. However Toda and

Fitzpatrick's (1971) findings of melanosomal tyrosinase

inhibition in specimens prefixed with glutaraldehyde make

such an explanation unnecessary.

After the experiments described in this Chapter wore

completed, Okun and his associates questioned the validity

of assuming that the reaction product, produced in the

ultrastructural tyrosine and dopa reaction, is formed

by tyrosinase action. A series of experiments (see Okun

et al., 1973a) have led his team to suggest that mammalian

melanogenesis mas'- *>e based on the synergistic action of two

enzymes, an aerobic dopa oxidase and a peroxidase. They

consider that the oxidation of tyrosine to melanin by

peroxidase is peroxide dependent and that hydrogen peroxide

is generated by various oxidases and by auto-oxidation of

intermediates in raelanogenesis. They feel that the

traditional view of tyrosinase activity is incorrect
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(see Chapter I) and should be modified:

peroxidase dopa oxidase
i i

:

tyrosine ^ dopa ^ dopa quinone ^ intermediates
H 1

t '
^ /

vcofactor melanin

The conclusions from experiments such as those

described in this Chapter and others (Pitzpatrick et al. ,

1950) have been criticised on the grounds that peroxidase

and catala.se (eliminating HgO^ availability as substrate
for peroxidase) controls were not carried out and prolonged

incubation period (with increased likelihood of non¬

specific auto-oxidation) were employed.

liowever non-specific auto-oxidation or oxidation

mediated by peroxidase seems unlikely for the following

reasons•

1) Lemer et al • (1949) emphasized thr ;.t it a pH above

7,0 dopa is oxidized in the presence of oxygen without

the need for a catalyst, and therefore suggested that

an incubation medium with a pH of 6,8 (as used in our

experiments) would minimise such auto-oxidation,

2) The characteristic and reproducible pattern of the

reaction product does not favour a non-specific

random auto-oxidation process,

3) Reaction product was seen only in melanocytes. If
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a non specific auto-oxidation of dopa/tyrosine
had occurred it is likely that reaction product

would have been seen in other cells (e.g. Langerhnns

cells).

4) Reaction product has been noted by us md others

(e.g. Brumbaugh and Zieg, 1972) after shorter

incubation periods (e.g. 30 minutes to 3 hours).

5) Peroxidase activity in melanocytes is said to show

latency; i.e. some degree of cell damage must be

present for its histochemical demonstration (Okun

et al., 1973a). Significant cell damage was not

produced in this study and the reaction product

was seen consistently in well preserved melanocytes.

Okun et al. (1973b), using a similar ultrastructural

dopa reaction, agreed that the reaction product noted in

GJ2RL is the result of dopa oxidase, rather than peroxidase,

activity. Peroxidase activity could not be demonstrated

in G,;RL using the benzidine/diaminobenzidine reaction,

and reaction product still occurred in GBRL when

catalase was present in the medium. However in their

experiments on mouse melanoma cells they demonstrated

peroxidatic oxidation of tyrosine using dihydroxyfuraarate

(DHF) as a cofactor. When catalase was added to the

tyrosine-DTiP-H^Og incubation mixture, formation of
reaction product was abolished.

Hoistein et al., (1973)» however, find little
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support for the views of Okun and his colleagues.

Kultiple forms of tyrosinase were isolated from the

pigmented hair bulbs and Harding Pas ey melanomas of

mice using electrophoretic means. These tyrosinases

were shown to utilise tyrosine and dopa and to catalyse

their oxidation to higher melanogenic intermediates, in

the presence of eatalase which was sufficient to block

peroxidase activity.

Brumbaugh et al., (1973) studied melanogenesis in

the fowl using ultrastructural tyrosine and dopa

reactions with peroxidase and catalase controls and

found no evidence to suggest peroxidatic oxidation of

tyrosine or dopa. Their work also indicated that dopa

oxidase is capable of using diaminobenzidine as a

substrate to form a reaction product! This was

confirmed, in vitro, by the production of a

diaminobenzidine reaction product by mushroom tyrosinase.

Finally they pointed out that the mutation responsible

for chick albinism effects only the copper-containing

tyrosinase system, but not the peroxidase system and

that these depigmented chicks have granulocytes

containing peroxidase.

In summary, the findings in our experiments, taken

together with the work of others, indicate that ultra¬

violet irradiation of skin causes synthesis of new

tyrosinase in melanocytes and that this enzyme

becomes detectable in the Golgi apparatus and the
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surrounding (connected) system of smooth endoplasmic

reticulum. It seems likely that tyrosinase is then

channelled from here via a tubular membrane system

and becomes associated with the membrane of a focal

dilatation of the smooth endoplasmic reticulum in

which the earliest nelanosoraal structure has

independently formed. Kelanization of the structural

protein can then take place and once this is completed,

the connection with the tubular system is severed.

Tyrosinase cannot be detected in the Langerhans cell,

and there are no changes obvious in this cell after

ouch a single dose of ultraviolet radiation,

b) Cellular responses to ultraviolet irradiation

The experiments described in detail in this Chapter

were concerned with subcellular changes in dendritic

cello after a single exposure of ultraviolet irradiation.

Quantitative changes in the population of dendritic

cello after ultraviolet irradiation is a separate issue

and, as there are differences in opinion, the matter

warrants some discussion.

There is no disagreement that there is proliferation

and increased activity of melanocytes in response to

ultraviolet irradiation (Pathak et al., 1965? uevedo

et al., 1965). An increase in dopa positive celle has

been demonstrated conclusively at both light microscopic

( 'olff and Winkel.me.nn, 1967 and Szabo, 1967) and
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ultraetructural (Mishima, 1967 and Zelickson and

Mottaz, 1970) levels.

Ultraviolet induced changes in the Langerhans

cell population is a. more contentious issue, and the

reason for the problem is not difficult to understand.

Quantitative cellular measurements are best made at a

light microscopic level as the size of the sample is

much greater than that possible in electron microscopic

studies. Accuracy depends on the specificity of the

histocheraical test used to label the cell being counted.

Unfortunately the capricious nature of the histochemical

demonstration of Langerhans cells in human epidermis

makes quantitative studies based on most available

reactions at least doubtful, Epidermal sheets from

human skin are also much more difficult to interpret

than those from the mouse or guinea pig where there

are fever layers of keratinocytes. For these reasons

a quantitative electron microscopic approach has

advantages, even th ugh the sample is bound to be small.

Changes in the dendritic cell population in

response to repeated ultraviolet irradiation were

investigated by Zelickson and Mottaz (1968) and

Zelickson et si, (1972) using a quantitative method

of electron microscopy depending on 'linear scanning'

(Carpenter and Lazarow, 1962) They duly confirmed an

increase in the number of melanocytes but also noted

a decrease in the number of Langerhans cells, which
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were virtually absent in the specimens of skin studied

after two weeks of daily ultraviolet irradiation.

However the total number of Langerhans cells seen

before (3) and after irradiation (0) were very small.

Their results can be interpreted in many ways.

1) The sample was too small to come to any valid

conclusion.

2) The melanocyte and Langerhans cell populations

are in some way inversely related.

3) Ultraviolet irradiation effects not only the

pigmentary (melanocyte) system, but lso the

keratinising function of the epidermis (ITix,

1964, and 1967) and changes in the Langerhans

cell population may be related more to this.

4) Ultraviolet irradiation has a direct damaging

effect on the Langerhans cell.

Linear scanning is an extremely time consuming

procedure. Sample size is a problem and the change in

actual numbers of Langerhans cells (from 3 to 0) may

have been coincidental. Only larger additional studies,

using the same method, will clarify the situation.

That the melanocyte and Langerhans cell populations

are in some way inversely related has been suggested by

the work of others.

Fan and associates (1959) noted a decrease in the

number of gold chloride positively staining (Langerhans)
cells in ^piinea pig epidermis after ultraviolet, X ray
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and thorium X irradiation and attempted to relate this

to the simultaneous increase in the number of dopa

positive melanocytes. Breathnach et al. (1963) also

noted a decrease in the number of gold-positive cells

and an increase in melanocytes after the application

of thorium X.

On the other hand rol"f and Vinkelmann (1967) noted

no difference in the number of A.T.P.'ase positive cells

in guinea pig epidermis following daily ultraviolet

irradiation even though there wao a sharp increase in

the melanocyte population,

Wolff (1972) has pointed out that the differences

in the observations of the above groups may be more

apparent than real. Different methods of irradiation

(involving different wavelengths), different dosages,

different species and different methods for the

quantitative assessment of Langerhans cells could,

inter alia, be responsible for the discrepancies.

Taking the results of the above studies into

account and considering the findings in vitiligo

and other depigmented conditions (Birbeck et ai.,

1961; Breathnach et al», 1965J Brown et al,, 1967;

Swanson et al,, 1968 and Zelickson and Mottaz, 1968)

it would seem that the problem is best answered by

considering that melanocytes and Langerhans cells

compete for the same territory in the basal layer

(Breathnach et al,, 1968; Riley, 1975), This concept



does not imply an inverse relationship between

Langerhans cells and melanocytes and would fit in

with the findings of Mishima, Kawasaki and Pinkus

(1972) who noted an increase in the basal layer

Langerhans cells in vitiligo but no increase in the

total population#

Ultraviolet irradiation, as well as stimulating

the melanocytes to divide and produce more pigment,

effects other epidermal cells. There is epidermal

thickening and desquamation (Nix et al., 1964 and

1965). It is possible that the decrease in number

of Langerhans cells noted by the workers mentioned

above is related primarily to keratinocyte changes

rather than the melanocyte population. The fact

that Lessard et al. (1968) were able to reduce the

Langerhans cell population by about 80>' with tape

stripping of the skin, emphasises that some loss

of Langerhans cells could be explained on this

basis.

Direct ultraviolet damage of Langerhans cells is

another mechanism that could explain their reduction

after irradiation. However Langerhans cells appeared

quite normal after ultraviolet irradiation of skin

with a single dose of 6 X KBD (page 97), and Langerhans

cell damage has not been noted in sun-exposed

vitiliginous skin and ultraviolet-irradiated patches

of vitiligo (Zelickson and Mottaz, 1968).
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1. INTRODUCTION

Although, stress due to auction is not commonly

encountered in everyday life, both pressure and suction

forces are exerted on the foot in ordinary locomotion.

More topically, negative pressure may be exerted on

the skin of aviators (especially astronauts) and divers

in certain circumstances. Under experimental conditions,

suction has also been used recently to evaluate dermo-

epidermal adherence (Lowe and Van der Leun, 1968) and

to monitor the state of blistering diseases, such as

porphyria cutanea tarda (Copeman, 1970). In this

Chapter the effects of suction on the epidermal dendritic

cell population and keratinocytes are contrasted.

2. MATERIAL ill) METHODS

Twenty-five volunteers were studied, of whom six

were members of staff with no skin disease and the

rest were patients with miscellaneous skin disorders

(eczema, psoriasis, dermatitis herpetiformis and

porphyria cutanea tarda). Blistering was produced on

skin which was macroscopically normal, the flexor

aspect of the forearm or the back of the hand being

used. The suction chamber chosen was a modification

of that described by Kiistala and Mustakallio (1967),
and contained a perforated disc with seven apertures

each of 5mm diameter. The negative pressure was
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usually ~150mra Hg but was occasionally -300mm Hg.

Biopsies, with and without local anaesthesia, wore

taken before and 1f 5» 15 and 25 minutes after the

onset of suction, as well as immediately after the

appearance of a blister (70 - 100 min.).

Light microscopy

As outlined in Chapter II.

Electron microscopy

tee Chapter II for routine details.

Lanthanum impregnation of tissue was carried out

using the method of Hashimoto (1970). The specimens

were fixed in 3/ glutaraldehyde containing lanthanum

nitrate at 4°C for three days.

Altogether, 25 biopsies were processed and ten of

these were examined electron microscopically. The

results recorded are based on the study of numerous

light microscopic serial sections and over 200

electron micrographs.
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3. RESULTS

a.) Light microscopy

After less than 1 minute of suction, appreciable

changes were noted compared with control biopsies.

There was slight oedema of the superficial dermis,

and paranuclear vacuoles were seen in increasing numbers

as the suction time increased; by 25 minutes nearly all

the epidermal cells were affected (Plate 29)» though

there was no suggestion of dermo-epidermal separation.

Some of the cells extending down follicular walls

contained these distinctive vacuoles. They were

invariably paranuclear, most often circular or ovoid

in cross section, and frequently caused a crescentic

deformation of the nuclear outline. The spatial

relationship with the nucleus was variable. Even

after 25 minutes of suction there was no evidence of

spongiosis (extracellular oedema). Biopsies taken

just fter blister formation revealed dermo-epidermal

separation, and PAS-stained sections showed that the

positive staining basal lamina region remained on

the topmost dermis (Plate 30), forming the blister

floor. The cleavage line was frequently clear cut,

but sometimes basal cells or dendritic cells (Plate 30)

remained on the floor of the cavity. The roof of the

blister was, therefore, formed by the total thickness

of the epidermis• It usually, though not invariably,

contained vacuolated cells and at this late stage

spongiosis could sometimes be seen.
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b) Electron microscony

(i) Keratinocvtes

The vacuoles in these cells were quite characteristic

and were seen in a few cells as early as 3 minutes after

the onset of suction. They were bounded by a membrane

(Plate 31)t particularly during the earlier stages of

their development, and in some instances the membrane

could he resolved into a trilaminar structure. They

rapidly achieved a diameter of up to 6pm, and when
they reached this size they~were invariably seen next

to the nucleus, which they deformed into a half-moon

shape (Plate 31)* They were not within the perinuclear

space, which appeared to be normal (Plates 31 - 53)•

quite often a thin but distinct rim of cytoplasm could

be seen between the outer nucle r membrane and the

vacuolar membrane (Plate 31)• They were often filled

with a fine granular material that tended to accumulate

towards the periphery of the larger vacuoles (Plate 31).

With increasing suction, the vacuoles increased in size

and their limiting membranes began to show breaks; iheir

outlines became much less regular and melanosomes,

melanosome complexes and membranous remnants could be

seen within their cavity. At the blistering time,

smaller membrane-bound vacuoles (diameter 80 - I60nm)

could also be seen near the edges of the ruptured

paranuclear vacuoles. At this late stage, the

mitochondria showed degenerative changes# The distribution

of the tonofibrils appeared relatively normal, though

sometimes they were compressed by the larger vacuoles.
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(ii) Dendritic cells

The paranuclear vacuoles, which were such a striking

feature in karatinocytes, were not seen in either

melanocytes or Langerhans cells. Frequently a dendritic

cell, containing no paranuclear vacuoles, was seen

surrounded by vacuolated keratinocytes (Plates 32 and

33)• Preservation of the cellular contents of dendritic

cells was also good, even in the late stages of blistering

when keratinocytes exhibited considerable damage (Plates
4

34 and 35).

(iii) Intercellular snace

This appeared normal at 25 minutes after the onset

of suction, even though most cells contained paranuclear

vacuoles. At the blistering time, however, a variable

amount of intercellular oedema was seen, particularly

at the blister edge, and in some places the distended

space contained a fine granular material similar to that

in the paranuclear vacuoles.
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Plate 34 (X 13,000): : iolanocvte - ni dendritic nrocessoa (arrcws)
Cell in blister roof, dangling into cavity. Organelles
are well preserved. (90 min. -150mm g)

Plate 35 ( 11,000): Base of blister roof
ieratinocytesi (top left) and dendritic processes of
melanocytes (arrows) are well preserved. (90 min. -150mmBg)



(iv) Basal region

The blister was formed by derrno-epidermal

separation. Cleavage was most often between the base

of the basal, cell and the basal lamina, so that the

latter usually remained on the floor of the blister.

However, fragments of the basal lamina were occasionally

seen attached to the base of the basal cells in the

roof, and sometimes the cleft occurred through the

centre of basal cells. Keratinocytcs and melanocytes

were occasionally seen in the blister fluid (Plates

34 and 35) or lying on the floor of the blister.

Lanthanum impregnation

The intercellular space showed normal impregnation

with lanthanum (Plate 36) and the tracer was never

seen in the paranuclear vacuoles of keratinocytes

(Plate 36).

A granule attached to a Langerhans cell wall

was also impregnated with tracer, though the lanthanum

did not stain a granule within the cytopla.sm of the same

cell (Plate 37).
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4. DISCUSSION

The nature and mechanism of formation of the

paranuclear vacuoles present interesting problems.

Similar vacuoles have been noted in human keratinocytes

in dermographie weals (Cauna, Kacy and Cralley, 1970),
and have been produced experimentally by ultraviolet

irradiation (Nix, 1965), by intradermal injection of

hypertonic solutions of sodium chloride and of dextrose

(Honigsmann and Wolff, 1973)» by suction (Copeman, 1970),
and by the topical application of vitamin A to the human

skin (Plewig, Wolff and Braun-Falco, 1971 ). olff and

Honigsraann (1973) believe that -fee vacuoles, seen in

the study reported here, are identical to those produced

by the intracutaneous injection of hypertonic solution

into guinea pig skin. They have carried out extensive

studies to determine the nature and mechanism of formation

of the vacuoles. Using tracers such as colloidal silver

and horse-radish peroxidase in the injected solution,

they were able to show staining of both the intercellular

space and the paranuclear vacuole u The vacuoles were

stained also with osmium soaking (a technique which

outlines the endoplasmic reticulum) and did not contain

ruthenium red (staining glycocalyx of cell surface) or

nucleoside triphosphatase activity (seen commonly at

the cell surface), suggesting that they were not formed

by infolding of the cell membrane. They concluded that

there was a canalicul' r system of interconnected cisternal
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channels within keratinocytes, which formed a direct

communication between the extracellular and the

perinuclear spaces, and that it could unfold under

certain experimental and pathological conditions

(Honigsraann and Wolff, 1973). In this study, the

development of the vacuoles was too quick for endocytic

mechanisms to be considered as a cause for the uptake

of the fluid. The rapidity of their formation suggests

also that fluids are sucked from the intercellular space

into pre-existing cavities along communications of

endoplasmic reticulum, as suggested by Honigsmann and

Wolff.

The precise role of lanthanum in staining the cell

surface is uncertain, Doggenweiler and Frenk (1965)
considered that it stained lipid® of the cell surface,

while Behnke (1968) and Shea (1971) felt that its

staining was specific for the demonstration of acid

mueosubstances. Its delineation of the extracellular

space seems to be due to non-specific precipitation (Revel

and Karnovsky, 1967). It has been used to outline the

extracellular space in human epidermis (Wolff and

Sehreiner, 1968), and to show continuity between the

extracellular space and granules attached to the walls

of Langerhans cells (Hashimoto, 1970), In this study,

it was at first surprising to note that there was no

sign of lant nnura penetration into the paranuclear

vacuoles within keratinocytes. The most likely
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explanation of this would seem to be th t a communication,

like that envisaged by Honigsmann and Wolff, is patent

only during the period of suction. As this communication

cannot be penetrated by lanthanum in normal skin (Wolff

and Schreiner, 1968), Honigsmann and Wolff have

tentatively suggested the presence of a valve or sluice¬

like mechanism which opens only un er certain circumstances,

e.g. when in contact with hypertonic solutions or an

increased flow of intercellular fluid. If this were so,

the lanthanum, used only during fixation of the biopsy

specimen, would not be expected to gain access to the

postulated canalicular system of communication#

Although ultrathin serial sections were not made,

the fact that paranuclear vacuoles were not seen in

melanocytes or langerhans cells seemed significant.

Examination of numerous sections revealed no affected

dendritic cells, even though neighbouring keratinocytes

contained large paranuclear vacuoles. It should also

be pointed out that neither Cauna et al. (demographic

weals) nor Honigsmann and Wolff (intradermal injection

of hypertonic solutions) mentioned such vacuoles in

epidermal dendritic cells, in spite of their obvious

presence in keratinocytes. There are two likely

explanations. First, it is possible that communications

between the extracellular space and the system of

endoplasmic reticulum, demonstrated in keratinocytes

(Honi .smann and Wolff, 1973), do not exist in dendritic

cells. Secondly, it is conceivable that keratinocytes.
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because of their intercellular connections (desmosomes

and intertwining villous processes, seen in Plate 4)

are more prone to the effects of suction than dendritic

cells, which merely move as a vrhole in the direction of

the suction force.
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1. INTRODUCTION

For gripping and for moving, man cannot function

without friction between him and his environment.

However if this stress is prolonged or unusually severe,

pathological changes occur, culminating in blisters and

erosions. Human epidermis subjected to frictional stress

has been studied by the light microscope (Taylor, 1955;

Futruyama and Cortese, 1968), and by autoradiography

(dpstein, Fukuyama and Cortese, 1969), but no electron

microscopic studies have been published. In this

Chapter the effects of friction on the epidermal dendritic

cell population and keratinocytes are contrasted.

2. TAT :dI,tL »*D METHODS

Six volunteers with ages ranging from 20 to 78 years

were studied. Four had miscellaneous skin diseases

(psoriasis, 3 and tinea pedis, 1). Microscopically

normal skin on the dors; 1 surface of the forearm was

chosen for the expo iraents. The apparatus used was

similar to that described by Naylor (1955), nd

consisted of a machine which rubbed skin with a

recinrocnting action at measurable speeds and forces

until a blister or ita immediate consequence, an

erosion, was produced. The head was hemispherical

and made of stainless steel. • description of the

machine and. its operation has already been published
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(Comaish, 1973). The friction force varied from 1.9 to

3.9 Newtons* and blistering occurred at times ranging

from 5 to 14 minutes. Two of the subjects agreed to

having biopsies taken from four different sites,

allowing sequential changes to be studied up to the

tie of an erosion (e.g. biopsies at 1, 5, 10 and 13

minutes after the onset of friction).

Light and electron microscopy

The techniques used were the same as those in

Chapter V.

Altogether 14 biopsies were taken. Ten were

prepared for light microscopy and were serially

sectioned, and the remaining 4 (2 taken just after

blister formation and 2 approximately midway between

the onset of friction and expected blister time) were

processed for electron microscopy.

3. RESULT0

Ho significant difference was noted between

different subjects, end the results were therefore

grouped as a whole. They are most conveniently

summarised by describing changes seen at the time

of blistering (e.g. 14 minutes) and those seen much

earlier (e.g. 5 minutes), where the biopsy was taken

from intact but slightly erythematous skin. The changes

* 1 Newton (N) causes an acceleration of unity (1 metre
per second) to a 1 kilogram mass.
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in the latter (hereafter described as 'early* changes)

were more subtle and could often be traced only by

searching through numerous serial sections with light

microscopy# and by carefully checking thick sections

embedded in Araldite before cutting ultrathin sections

for electron microscopy*

a) Light microscopy

(i) Early changes

The earliest changes were noted in the upper squamous

cell layer (Plate 3$), whilst the overlying horny and

granular cell layers were relatively unaffected. The

changes were quite frequently noted adjacent to hair

"ollicleo and sweat duct orifices, and consisted of a

localized area of eosinophilic change in the

haematoxylin and eosin sections (between asterisks in

Plate 38). The cells showed marked intracellular oedema#

their margins were indistinct, and there was some

spongiosis. Small vesicles could be seen when the

changes were more developed (Plate 38), The

superficial dermis showed only mild oedema,

(ii) ,,fl¥tt¥rcq

Blistering occurred intra-epidermally at the

level of the upper Malpighian layer (Plate 39). Many

of the neighbouring epidermal cells in the floor and

to the side of the blister showed changes similar to

those seen in the early stages and described above.
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These sometimes extended to the level of the basal

cells (arrow, Plate 39), but the dermo-epidermal

junction remained intact. However, below the blister

the basal lamina region stained less intensely with

PAS (Plate 39). The superficial dermis still showed

only mild oedema.
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b) Electron mlcroscow

(i) Early changes (Plates 40, 42 and 43).

P aten 40, 42 and 43 are representative of the

early changes seen in areas such as that marked in

Plate 38. There was obvious intracellular oedema

(arrows, Plate 40), which was most noticeable at the

cell periphery, nd. when severe this produced a

granular appearance in an area devoid of organelles.

As a result of this, the tonofilaments sometimes

appeared clumped, resembling necklaces around the

nuclei (Plate 40). In places, small vacuoles

(approximately 0,8|/tu in diameter) appeared in the
oedematous periphery of keratinoeytes, and the membranes

of these cells were often ruptured (V^, Plate 40),
allowing their granular contents to spill into small

dilatations of the extracellular space (V^ and V„,
Plate 40). The dendritic cells appeared to be

relatively unaffected.

(ii) Late chances (Plate 41)

Similar though more pronounced changes were seen

around established blisters. Plate 41 is representative

of changes seen in an area adjacent to the arrow in

Plate 39. The intracellular oedema, again most marked

at the periphery of keratinocyteo, was increased and

the extracellular space showed numerous localized

dilatations which frequently contained a granular
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material (arrows, Plate 41). The cellular organelles

were damaged and distorted, and on a very few occasions

vacuoles (approximate diameter 0.3jm) were seen beside
keratinocyte nuclei. They were much smaller than

those seen in the previous suction experiments and

never appeared to cause nuclear deformation. Some

desmosoaal attachments wore still evident (open arrows,

Plate 41), though membranous rupture and intracellular

oodoma often made identification of the cell borders

difficult. The large intraepidermal blisters contained

in places a granular material devoid of organelles.

Once again little change was noted in the

dendritic cells even though surrounding keratinoeytes

were severely damaged (Plates 41 and 43).

Lanthanum staining

The tracer outlined both the extracellular space

and its damaged dilatations (Plates 42 and 43)# As

in the suction experiments no impregnation of

granules within Langerhans cell was seen even though

the tracer often filled the space around such cells

(Plate 42).
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Plate 41 (a 27,000): Lr insertions cell

Late changes (6,5 mln. rubbing) at the edge of an erosion
seen in an area similar to th t indicated in Plate 39.
There are numerous dilatations of the extracellular
space and some contain a granular material (arrows)
similar to that seen in degenerative cells (*) and
oedematous keratinocyte ( "). The process of a
Langerhans cell (L) appears unaffected. Open arrows
point to intact do-■ "osoraes.



 



4. diocuision

Epidermal injury due to friction is clearly

different from that produced by suction. The cell

membranes and intercellular space bear the brunt of

frictional stress. There is keratinocyte intracellular

oedema, rupture of membranes and the pouring out of cell

contents into the intercellular space, which becomes

irregularly dilated. Eventually the damaged cells

become necrotic and small intraepi-lermal blisters are

formed.

ild to moderate thermal burns produce ap ©arances

similar to those observed above with friction trauma.

In both there are intracellul r oedema, early loss

of organelles, clumping of tonofilaments, and leakage

of cytoplasm through ruptured plasma membranes into

the intercellular space (Pearson, 1965). Nevertheless,

caution should be exercised before inferring that

friction damages cells by a local rise in te perature.

Naylor (1955)» by varying the speed of rubbing and by

using heads of different thermal conductivity, concluded

that the damage was not temperature-dependent, but more

likely due to mechanical distortion of the cells. The

observations reported here are quite consistent with

3uch a view.

Once again the dendritic cells appear to escape

major damage. Presumably the predominantly basal cell

layer localization of melanocytes protects them from



damage which is more noticeable higher up in the

epidermis (Plates 38 and 39 5 • The mechanical

distortion of keratinocyte membranes is also likely

to be greater because of their complex intercellular

connections (desmosomes and intertwining villous

processes), This is in sharp contrast to the

dendritic cells which, because of their lack of

intercellular connections, are more malleable, and

therefore have their own built in shock absorber

system.
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1 . I!»T RODUCTI ON

Histiocytes are macrophages of connective tissues.

They belong to the mononuclear phagocyte system

(Langevoort et al., 1970) which comprises all highly

phagocytic mononuclear cells and their precursors. In

this Chapter the word •histiocyte' is preferred to

'macrophage* because of the pre3e tly accepted

terminology of the proliferative disorders of this

cell ('histiocj'toses' and 'histiocytosis X').

Rappaport (1966) classifies the histiocytoses

(reticuloeadothelioses) as follows.

1) Reactive histiocytoses. Reactive histiocytic

proliferations that may occur in response to

known infections (e.g. typhoid, brucellosis and

miliary ttiberoulosio) or other disease processes

(e.g. haemolytic anaemia.)

2) Maiig ant histiocytoses. The systemic proliferation

of neoplastic, morphologically malignant histiocytes

and their precursors.

3) Differentiated histiocytoses. The systemic proliferation

of differentiated histiocytes, which lack the cytological

abnormalities of neoplastic cells, but are invasive

and are of unknown aetiology.

In 1953, Lichtenstein, using hist©pathological

arguments, grouped the differentiated histiocytoses,

Letterer Siwe disease, Hand dchuller Christian disease

and eosinophilic granuloma under the name of histiocytosis X,



the letter "X" denoting aetiological ignorance of the

conditions.

In 1965, Basset and her colleagues noted Langerhans

cell granules in the cello of a pulmonary eosinophilic

granuloma., and since then similar granules have been

found in Letterer Siwe disease and Hand Schiiller

Christian disease (see Chapter I).

Histiocytosis X is a rare disease. In the last

five years I have been able to obtain pathological

material frora only one such patient even though my

interest in the condition is known by the paediatricians

in Edinburgh. Although there was nothing particularly

unusual about this case, details (especially the

pathological features) are prese ted below as they

illustrate well the findings of Madame Basset. The

ultrastructural appearance of the cells containing

Langerhans cell granules will be contrasted with that

of the cells in malignant melanoma, which will be

considered in much greater detail in Chapter VIII.

2. MATERIAL AMD METHODS

As outlined in Chapter II.
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3. CASS REPORT

a) History

T.C., a thirteen month old baby girl was admitted

to the Royal Hospital for Sick Children (August 1973)

with broncho-pneumonia. There had been an eight day

history of cough, and respiratory distress became

progressive. The infant had failed to gain weight

satisfactorily in the previous five months, and four

months prior to admission her mother had noted scaly

and crusted lesions in the scalp. The infant's lower

gums had become bluish and swollen some three months

before admission. They had bled occasionally though

a dentist had attributed the appearance to teething.

b) Examination

Examination revealed the following abnormal

findings,

(i) Marked respiratory distress (respiratory rate

80/ minute), but not cyanosed on breathing air.

Indrawing of soft tissues.

(ii) A few crusted pink papules, about 2 - 3mm in

diameter, extending over the post rior scalp

and nape of neck. Isolated individual lesions

were seen on the mid back and anterior chest.

Removal of the crust revealed a glistening pink

papule which became purpuric when rubbed (Plates

44 and 45). There was crusting of both external
auditory canals.



(iii) The gums were swollen, bluish and purpuric in

places. There was some crusting but no

bleeding. The mucous membrane of the upper

lip was ulcerated and crusted (Plate 46)#

(iv) The infant was two standard deviations below

the mean in height and weight.

Interestingly, auscultation of the chest was

normal, and there was neither hepato-splenomegaly

nor lymphadenopathy.



Plate 44: Histiocytosis X. Crusted scalp lesions.

Plate 45: Histiocytosis X. Solitary papule on chest.

Plate 46: Histiocytosis X. Swollen purpuric lower gum
and ulcerated upper lip.
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c) Investigations

Analysis of arterial blood gases confirmed the

clinical evidence of respiratory failure, and the

p C02 bega to rise in spite of controlled oxygen
therapy.

The chest X-ray revealed extensive bilateral

cystic changes in the lungs with associated broncho¬

pneumonia .

The haemoglobin, white cell count and differential

platelet count and standard liver function tests were

normal.

Biopsy of the skin lesions showed a picture typical

of histiocytosis X of the Letterer Siwe type (see later).

d) Progress

There was steady deterioration in the infant*s

condition, and in spite of symptomatic oxygen therapy

and treatment with prednisolone and vinblastine, she

died on her ninth day in hospital after developing two

tension pneumothoraces.

e) Autopsy

This co firmed the diagnosis of histiocytosis X

of the Letterer Siwe type. There was extensive

histiocytic infiltration of the lungs and each of the

abnormal cystic spaces were lined by histiocytic cells.

The skin and gum lesions were characteristic of
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histiocytosis X, and the thymus was virtually destroyed

by the histiocytic cell proliferation.

Sections of lymph nodes, liver, spleen, pancreas,

adrenal gland, pituitary, bone marrow (skull), kidney,

stomach, ileum, uterus and ovary showed no pathological

features.

f) Light microscopy of skin lesions

Biopsies from two crusted papules (nape of neck and

back) revealed a picture typical of that seen in Letterer

Siwe disease. Plate 47 (from back lesion) is a low power

view showing the dense histiocytic accumulation in the

upper dermis. It has a fairly well demarcated lower

margin, and pushes up against the epidermis which is

thinned and shows obliteration of its rete pegs. In

places, cellular invasion of the epidermis and crust

formation on the surface can be seen. No cytologioal

detail is evident at this power, and although

extravasation of red blood cells in the infiltrate was

pronounced, it cannot be recognised here.

Plate 40 (from nape of neck) shows a close up of

the infiltrate in the papillary iermis. The i filtrate

consists of monomorphic histiocytes with oval or slightly

indented nuclei, and plentiful mildly eosinophilic

cytoplasm. Mitotic figures are not seen here (and are

usually very rare) and cellular atypia is slight• In

some areas the colls arc loosely ag regated "-n-. separated



by oedema. Occasional multinucleated histiocytes

are seen. There is invasion of the epidermis with

formation of foci of histiocytes underlying a surface

crust.
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g) Klectron microscopy (skin lesion from feck)

The infiltrate consisted mainly of histiocytes with

a few scattered lymphocytes and free red blood cells.

The histiocytes could be divided into two types

according to their ultrastructural characteristics.

(i) Undlfferentiated histiocyte (Plate 49)

Cells of about 15^diameter which had a ruffled
and villous plasms, membrane. Their nuclei were

slightly convoluted and the nucleoli normal.
♦

Their cytoplasm co talned no specific organelles

but was often crowded with mitochondria, and free

ribosomes and rough endoplasmic reticulum were

frequently prominent. Some cells contained

numerous lysosomal bodies, phagosomes and fat

droplets.



y&m.
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(ii) Cells with Lan&erhans granules

About one in three cells of the infiltrate contained

Langerhans cell granules (Plates 50 - 52). The picture

was moot striking. The cello were about 1O^min diameter
and had slightly convoluted nuclei, but normal nucleoli.

Their plasma membranes were again ruffled and showed

numerous villous processes. Many were literally packed

with Langerhans cell granules (Plates 51 and 52), which

appeared much more plentiful than in normal epidermal
<

Langerhans cells. The granules also showed more

exaggerated profiles than are seen in normal, epidermis.

The measurements of the rod like structures were:

distance between external walls - 400 A°

periodicity of central lamella - 115 - 150 A°
length - variable, but up to 1^^-

Large vesicles, with a fussy coat on their internal

surface, were seen scattered amongst the rod-like

profiles (Platen 51 and 52). g in, as in the normal

Langerhans cell, the fuzzy coat could be seen to be

continuous with that lining the external membranes

of the rod-like portions. Occasional granules were

seen attached to the plasma membrane. Granular and

membranous lysosomal bodies were also commonly seen

(Plates 50 - 52).
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4. DISCUSSION

The clinical and pathological features of this case

are not unusual. The age of onset and the rapid course

of the disease are typical, though the skin lesions were

rather scanty and the process affected mainly the lungs.

Although this is perhaps not a textbook presentation of

Letterer 3iwe disease it is a well recognised combination

of organ involvement by the infiltrate (Clark et al.,

1970). In view of the three month history of gum trouble,

it was unfortunate that the infant did not come into

medical hands earlier, especially as curable forms

exist (Nezelof et al., 1973).
The ultrastructure of skin lesions reported here

is similar to that noted by numerous other workers

(e.g. Turiaf end Basset, 1966; Cancilla et al., 1967;

Gianotti et al., 1968; Tus ues and Pradal, 1969 and

Morales et al., 1969). since the original description

of Basset et al, (1965). Tusques and Pradal (1969)

carried out careful measurements on three dimensional

reconstructions of the granules in histiocytosis X

cells and came to the conclusion that there were oily

minor differences between the granules of histiocytosis X

and those of epidermal Langerhans cells. Their

measurements are compared with those of others in Table 2.
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Auteurs Objet Fixation

Distance
entre

les parois
externes

Distance
entre

les parois
internes

Epaisseur
du

filament
axial

Periodicity Longueur
Epaisscur

de la paroi
externe

Basset
et coll., 1965

HistiocytoseX
OsO, 420 A 330 A 110 A 120 A plus de 1 pi

Bouissou,
1967 OsO, 500 A 320 A 70 A 120 A 0,8 p

De Man,
1968 OsO, 400 A 100 A 130 A

tl'sques
et Pkadal,
1968

OsO, 410 A 315 A 90 A 115 A plus de 2 p 30 A

Breatnach,
1965

Cellules
deLangerhans

OsO, 400 A 90 A 0,5 p 150 A

Wolff,
1967 OsO, 500 A 50-60 A plus de 1 p 55-60 A

Sagebiel
et Reed OsO, 90 A

Table 2: Comparison of granule i'ieaaa;eei.'.ento in histiocytosis X

• nd ban :erli: :-.nn cell n.

(Parol, wall; epbiaseur, thickness)

(From Tusqueo and Prad<ol, 1969)

There is now little disagreement that the granules

in some histiocytosis X cells are structurally identical

with those of the epidermal Langerhans cell. Wolff

(1972) supports this view, and comments that there are

only four minor differences between Langerhans cells
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and histiocytosis X cells containing the specific granule.

1) In histiocytosis X the granules branch raor • often

and form interconnected networks.

2) More granules are attached to the cell membrane in

histiocytosis X*

3) Granules can be found in the nucleus of histiocytosis X

(v/olff nd Sollereder, 1969), presumably as the result

of abnormal mitosis.

4) Granules re abundant in degenerating cells of

histiocytosis X (Tuoques and Pradal, 1969), probably

because they are very resistant to destruction

(Nezelof et al., 1973).

1) and 2) only were noted in this study.

The marked membranous activity of the histiocytic

cell wall, and the increased number of granules attached

to the wall and seen in the periphery of the cell have

suggested an endocytic origin of the granule (see Page 42),

(Tarnowski and Hashimoto, 1967; Hashimoto, 1971). The

fact that similar granules have been noted in monocytic

leukaemic cells exposed to agents provoking phagocytosis

(thorotrast and pseudomonas aeruginosa) Iso favours the

idea that the granules are formed as a result of a cell

surface phenomenon (Sanel and Serpick, 1970).

However Niebauer et al. (1969) felt that the staining

properties of the granule with osmium zinc iodide

favoured an origin from the Golgi apparatus. Gianotti

et al. (1968) considered, that the granules were
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"rather non specific cytoplasmic organelles" and

most probably originated from numerous cell membrane

systems.

Histogenetic arguments for a Langerhans cell

origin of the cells in histiocytosis X have been presented

most persuasively in an excellent review by Nezelof et al,

(1973)• They suggest that the morphological and

cytochemical evidence favours the view that hi tiocytosis X

is due to a localised or disseminated proliferation of

pathological Langerhans cells, which exhibit a high

phagocytic capability, abundant cytoenzyme equipment,

and preserve these characteristics in in vitro culture

(Basset and Nezelof, 1969). They point out that the

distribution of lesions (bone, skin and lungs in

particular) is different from that of other tumours of

the haematopoietic system, which emphasizes the

individuality of the disease.

The skin, (particularly the scalp and external

auditory meatus) and mucous membranes (e.g. those of

the gums) are frequently the first regions to be

involved in histiocytosis X, and so it is quite possible

that there is initial proliferation of Langerhaas cells

in these sites with subsequent spread via the blood.

It is of interest that Langerhans cells have been noted

in the blood in this condition (Inarnura et 1., 1971).

The destructive character of histiocytosis X lesions

can be explained by enhanced phagocytic and secretory
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functions of Langerhans cells (Nezelof et al., 1973).

Epidermal destruction, in particular, may be due to

the increased production of a substance toxic to

keratinocytes, which normal Langerhans cells might

produce (Prunieras, 1969).

Nezelof and Basset (1973) have enumerated the

common and contrasting characteristics of histiocytosis X

cells and histiocytes#

In common they exhibit:

1 ) a sirail r size

2) uclei with scalloped edges

3) adherence to glass

4) simil r enzymatic equipment (see Chapter I)

5) phagocytic activity (e.g. erythrophagocytosis) which

can be demonstrated in vivo and in vitro.

They differ in their:

1) survival in vitro (histiocytosis X cells survive

longer)

2) developmental characteristics in vitro.

(Histiocytosis X cells often form large giant cells

in vitro and preserve their morphologic individuality

(Basset and Nezelof, 1969) whereas human histiocytes

rarely form giant cells, and may transform Into

fusiform cells (Kouri and Ancheta, 1972).

The relatively mild nature of histiocytosis X,

in contrast to the rapidly fatal course of the malignant

histiocytoses, (reviewed well by Abele et al., 1972) is
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striking. It se ms .probable that these two groups of

histiocytic diseases occupy opposite ends of a spectrum.

Histiocytosis X can be considered to be a proliferative

disorder of a highly differentiated and specialized cell

(the Langerhans cell) with consequent low malignancy,

whilst the malignant histiocytoses are due to stem cell

anaplasia with high malignancy (Nezelof and Basset, 1973).
Transitional forms can be expected to occur and It is

interesting to note that Langerhans cell granules were

found in the proliferating cells of a case that

satisfied the clinicopathologic 1 criteria of both

Letterer Siwe disease and malignant histiocytosis

(Imanure, et al., 1971). Henderson and Sage (1973)
also found Langerhans cell granules in a c-oe of

malignant histiocytosis.

It should perhaps be emphasised that the diffuse

histiocytic malignant lymphomas, or reticulum cell

sarcomas in older terminology, (see Stuart, 1975 for

discussion of terminology) do not usually have a

histiocytic origin. Tumour cell surface receptor

studies (Habeshaw and Stuart, 1975) on seven cases

indicated that the majority were derived from

lymphocytes. However a histiocytic origin appeared,

probable in one case whilst the origins of two tumours

was unknovm, as the cells bore no identifiable

receptors.
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1 . IKTPQDUCTION

It has been estimated th t there are about 2000

million melanocytes in human skin (Ssabo, 1967). Benign

tumours derived from them are the commonest of all skin

tumours: a mirror rather than a visit to the skin clinic

is all that is needed to see neevi and lentigines.

Although malignant tumours of melanocytes are rare they

continue to attract the attention of both the profession

and public. This could be due to the appreciable incidence

of the tumour in younger age groups or perhaps its

occasional extraordinary biological behaviour. More

probably, however, the explanation lies in the common

awareness of a potentially tragic sequence of events

triggered off by the appearance, or chan e of a trivial

black spot,

a) Clinical features

Only recently has it been appreciated that there are

three major types of invasive malignant melanoma (Clark

et al», 1969# McG-overn, 1970). All differ in their mode

of onset, course and prognosis. Each has a distinctive

clinical and histological appearance. Two are preceded

by an in situ phase where there is intraepidermal

proliferation of malignant melanocytes (Pig. 14).
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Figure 14: Diagram to show evolution of different

histo/genetic tynes of malignant melanoma.

The invasive lentigo maligna melanoma (Fig. 14 - (3)) Is

preceded by the in situ change of lentigo maligna (Hutchinson*s

freckle, m6lanose circonscrite precancereuse, Dubreuilh's

melanosis circumscripta praeeancerose) shown in Fig. 14

as (1). The invasive superficial spreading melanoma (Fig. 14

(4)) is preceded by the superficial spreading melanoma in

situ (pagetoid melanoma, premalignant melanosis) shown in

Fig. 14 as (2). Invasive nodular melanoma (Fig. 14 - (5))

appears de novo - with no antecedent spreading pigmentation.
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Lentigo maligna (Plate 53) is a slowly increasing

irregular patch of pigmentation seen mostly on the face

of old patients. The lesion is not indurated and consists

of all shades of light brown to black (Clark et al.,1969).

Spontaneous regression in some areas causes patches of

relative depigmentation. The lesion may grow slowly for

years before dermal invasion, seen as an indurated or

nodular area, occurs. Only about a third become invasive

(Lever, 1975) and not usually until they have been present

for ten to fifteen years and have reached 4 - 6cms in

diameter (McGovern, 1970).

Lentigo maligna melanoma (Plate 53) Is therefore seen as

a nodule (often bluish black) developing within a patch

of lentigo maligna.

Our-erficial snr adinv melanoma in situ is seen usually

on the non-exposed skin of the middle-aged. It is

slightly elevated end therefore palpable. Its outline

is often arciforra with prominent indentations, The

colour variations are similar to those of lentigo

maligna except more shades of pink and blue are seen

(Clark et al,f 1969), In contrast to lentigo maligna,

invasion always occurs within one to two years of the

appearance of the lesion, usually before it is larger

than 2 - 3cms. Again induration, the development of a

nodule or ulceration and bleeding are pointers

suggesting dermal invasion, i.e. transition to an

invasive superficial spreading melanoma (Plate 54 )#
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ITodul .r malignant melanoma (Plate 55) starts as an

elevated, often deeply pigmented, nodule which grows

rapidly and frequently ulcerates. Although relatively

amelanotic variants occur, careful examination (with a

magnifying glass) usually reveals flecks of pigmentation.

Thi3 clinical classification can "be conveniently

used in most cases, though on a few occasions there is

some degree of overlap between the three types of

invasive melanoma, both clinically and histologically.

It is now thought that only a quarter of malignant

melanomas develop from pigmented naevi. About 25'/- of

patients with malignant melanoma recall a pre-existing

pigmented lesion present since childhood, and remnants

of naevi are seen histologically in only 10; of

excised specimens (Clark et al., 1969). Pre-existing

pigmented lesions frequently referred to by patients,

are probably in situ stages of melanoma rather than

naevi. All three clinical types of invasive malignant

melanoma may develop from naevi.
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Plate 53s Lentigo m- lima lateral to angle of mouth. Above this
lentigo maligna melanoma has developed in a patch of lentigo
maligna.

Plate 54: Superficial ,")r' adlar: melanoma on back. Jote
spontaneous regression on right.

Plate 55: Nodular melanoma. Crusted lesion on back
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b) Histogenetic pattern

In 1972 an international group of pathologists met

in Sydney, Australia to devise a clinical classification

of malignant melanoma and to suggest a more standardised

form of histological reporting which would be suitable for

international use. Their helpful recommendations were

summarised recently (McG-overn et al., 1973). The histology

of melanoma is also reviewed well by Lever (1975).
Lentigo maligna has a characteristic histology (Plate 56).

In the very early stages there is hyperpigmentation of the

basal cells in the epidermis and the appearance of weird

looking elongated and spindle shaped melanocytes throughout

the basal layer. The nuclei of these atypical cells show

marked pleomorphism. In more advanced lesions the

proliferating abnormal cells almost replace the basal cell

layer and small clusters are often seen in the preinvasive

phase. A helpful clue in diagnosing this histogenetic

pattern is the frequent involvement of melanocytes in the

external root sheaths of hair follicles. In the

superficial dermis adjacent to the epidermal changes

there is often a band-like infiltrate consisting of

lymphocytes and macrophages filled with pigment. Dermal

invasion by the atypical cells signifies transition to

lentigo maligna melanoma (Plate 56). There is downward

streaming of the tumour cells from the epid rmis and the

tumour nodule is usually composed of spindle shaped

melanoma cells. Pigmentation within the tumour may be

minimal but there is often considerable melanin deposition

in surrounding melanophages.
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Superficial spreadi .;-t melanoma in situ (Plates 58 and 59).

In the preinvasive phase the malign-nt melanocytes are

seen permeating the epidermis in a Pagetoid fashion. Prom

the outset a few similar cells may 130 he seen in the

papillary dermis. Again the atypical cells have a

distinctive appearance; they are uniform in shape and

size, often contain abundant finely granular cytoplasm

and have large nuclei with prominent nucleoli (Plate 59).

They are not so pleomorphic as those seen in lentigo

maligna. When dermal invasion becomes pronounced the

tumour nodule may consist of epithelioid cells, spindle

cells, naevus-like cells or combinations of each. When

epithelioid cells predominate they frequently form

characteristic alveolar formations surrounded by thin

fibres of collagen. An inflammatory infiltrate similar

to that seen in lentigo maligna is usually present in

the neighbouring dermis.

i.ochilar malignant melanoma (Plate 57)

No preceding intraepiderrnal phas is seen. In most

cases malignant melanocytes at the dermo~epidermal

junction invade the dermis and the appearance of the

tumour nodule may be indistinguishable from that seen

in the invasive form of superficial spreading melanoma.

The absence of an intraepidermal component in the

adjacent epidermis is an important clue in diagnosing

this histogenetic pattern (Plate 57). Occasionally a

little Intraepidermal invasion may be seen at the side

of the tumour but this should not extend more than three

rete ridges beyond the edge of the nodule (hcGovern et al.,

(1973).



Plate 56 (X 75)s Lentigo maligna melanoma (right) developing
in a patch of lentigo maligna (*). (H and E)

Plate 57 (X 55): (right). Note no in
situ change in adjacent epidermis (*) (H and B)
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c) Purpose of this study

Although there is general agreement on the different

histogenic types of malignant melanoma, it is still not

clear whether any of these variations show specific or

distinguishing ultrastructural features.

Mishima (1967) should be given credit for being

the first to realise th- t the clinical, histological

and ultrastructural features of melanomas arising in

a patch of lentigo maligna differed from those of

melanomas developing from a junctional naevus.

Unfortunately most of his subsequent papers were a

catalogue of confusion and, rather then clarify the

matter, threw doubt on his original observations and

conclusions.

Recently there have been a number of publications

on the ultrastructure of malignant melanoma (see Discussion

in this Chapter) but in general there has been little

agreement between the findings of various gro\ips. Much

of the published material can be criticised on two

grounds. First of all many studies were concerned with

a pitifully small number of patients; they demonstrate

the danger of drawing false conclusions from evidence

based on inadequate sampling. Secondly, observer bias

must have been considerable as all electron microscopy

was carried out with prior knowledge of the histogenetic

type of the tumour.

The purpose of this study was to determine whether
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any, or all, of the three histogenetic types of invasive

malignant melanoma have a specific or characteristic

ultrastructure. I felt that the best way of investigating

this would be to carry out a "blind" study. One group

of workers would classify specimens of malignant melanoma

according to their histogenetic category on clinical and

histological grounds. Other workers, unaware of the

histogenetic type, would carry out the electron microscopy

and establish the ultrastructure of tumours. After

both groups had committed their opinions to print, the

code would be broken and the fine structure related

to the histogenetic type. It was necessary to enlist

the help of others to carry out this project, though

my personal role was, by necessity, the major one.

2. MATERIAL AND METHODS

a) !Iistog:enetic tyring

Forty surgically excised specimens of malignant

melanoma were studied.

Case summaries, clinical photographs and light

histological material (representative cuts stained

with haematoxylin and eosin and Kasson's trichrome

stain) were sent to Glasgow (Dr. R. Mackie, University

Department of Dermatology and Dr. A.J. Cochran,

University Department of Pathology) and the histogenetic

type of each tumour determined along the lines outlined
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by McGovern et al. (1973)*
At the same time the depth of invasion of the

primary tumour was established. The levels suggested

by MeGovern et al, (1973) were used.

Level 1 Tumour confined to the epidermis (intra-

epiderraal level);
Level 2 Tumour invading the papillary layer but not

extending to the reticular layer (papillary-
dermis level);

Level 3 Tumour filling and expanding the papillary layer

and impinging upon the interface between the

papillary and reticular layers but not invading

the reticular layer (papillary-reticular-
interface level);

Level 4 Tumour penetrating into the reticular layer of

the dermis (reticular-dermis level);

Level 5 Tumour invading the hypoderra (sub-cutaneous

fat level).

The existence of a preceding naevus was also

recorded. This was based entirely on historical evidence

and three descriptions only were accepted as indicating

a probable preceding naevus: e.g. a pigmented lesion

"present all life", "present since a child" or "present

as long as can remember". Excluded were pre-existing

pigmented lesions which could be traced back for as

long as twenty years. It was felt that some true

pre-existing naevi might be missed using this method

of assessment, but those accepted seemed reasonably

certain instances.



178

b) Electron microscopy

Electron microscopy of tissue obtained from the

invasive nodule was carried out in the University

Department of Dermatology, Edinburgh (Dr. J. Hunter

with help from Dr. 3, Zaynoun). At least two (and

frequently more) blocks from each tumour nodule

were studied, and a minimum of 30 random photographs

taken, usually at a machine magnification of X 6,000.

The electron micrographs were then analysed independently

in Edinburgh (Dr. J. Hunter) and Sheffield (Dr. S. Bleehan,

Rupert Hallam Department of Dermatology) both workers

still being unaware of the tumour type. For the

purposes of this a proforma was designed so that views

on particular aspects could be compared (Table 3).



MELANOMA STUDY NO:
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(Circle relevant finding) +++ =

++

+

TUX UR CELLS

Nucleus:

Nucleolus:

Golgi:

Mitochondria:

R.E.R.:

Free Ribosomes:

Normal

Normal

Normal

Normal

Normal

Normal

Nearly all
Frequent
Occasional but rare

None

Convoluted

Abnormal - Compact

- Dispersed

Prominent

Prominent

Prominent

Prominent

MBLANOSONBS

Sise: nm nm

Shape: Bllipsoidal Spheroidal

+++ ++ + +++ ++ + -

Character: Normal: +++ ++ + -

Abortive: +++ ++ + -

Vacuolar: +++ ++ + -

Granular: +++ +*+■ + -

Lamellar: +++ ++ + -

Amount of pigment: Normal Much

Distribution of
pigment: Normal Abnormal

Autophagosomal
profiles: None Few

DIFFER NTIATION OF TUMOUR CELLS

Normal (A) Moderate (B) Poor (C) None (D)

CLMIK TYPING I II III IV

Table 3Melanoma Proforma
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It can be seen from the proforma (Table 3) that

particular attention was paid to melanosome morphology,

The e were categorised as ellipsoidal or spheroidal

and were further subdivided into normal, abortive,

granular and lamellar types according to the terminology

suggested by Clark et al. (1972). Another type of

melanosome, termed vacuolar (see below), was considered

because of its frequent occurrence.

dorms 1 melanooorrtes: The appearance of the melanosomrs

are as described and illustrated in Chapter III, although

they may be larger or smaller than normal. They are

ellipsoidal and their internal fine structure is

essentially normal, showing individual rnelanofilaments

with distinctive periodicity (100A°) and a tendency to

form cross striations.

A.bortive sielano s om o s; Spheroidal organelles containing

one or more filaments having the distinctive periodicity

of the filaments of a normal melanosome (rnelrmofilament).

The filaments are not present in large numbers in

parallel array, and show no tendency to form "cross-

linkages". Striated appearances are therefore rare in

this type of melanosome.

Granular melanosomes: Spheroidal organelles, limited by

a unit membrane, and containing an evenly dispersed small

granular component.



181 .

Lamellar melanosomes: Spheroidal organelles characterised

by an internal array of membrane structures of unit

membrane form which may form either a concentric whorl

or parallel patterns. These melanosomes may also

contain clusters of vesicles giving them the appearance

of a compoimd lyso some.

Vncuol r aeianosoaes: Spheroidal or anelles, limited

by a unit membrane, but empty. Their melanosomal

nature could be identified, only with certainty, by

demonstration of their dopa positivity (see below).

Vacuolar melonosomes never contain melanin but

pigment deposition may occur in all other types of

melanosomes. It may look regular and organised, or

totally haphazard in its distribution.

A semi quantitativo score system (see Table 3)

was used to describe the frequency of each type of

melanosome.

Taking into consideration all the fine structural

features the observers (Dr. J. Hunter and Dr. S. Bleehan)

attempted to grade the degree of cellular and subcellular

differentiation within the tumour. (If the tumour cell

characteristics resembled normal melanocytes, then this

was called 'normal differentiation' (A). 'ITo

differentiation' (D) was the terra used to describe

tumour cells in which there was no evidence of melanogenesis)•
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The categories chosen had to be broad in view of the

subjective nature of this opinion (see Table 3)•

Finally an attempt was made to classify the

tumour according to its main type of cell, again

using terminology based on that suggested by Clark

et al, (1972).

Type I cell: Melanoma cell containing mostly normal

melanosomes•

Type II cell: Melanoma cell containing mainly abortive

melanosomos.

Type III cell: Melanoma cell containing mainly vacuolar,

granular and lamellar raelanosomes.

Type IV cell: An undifferentiated cell often containing

very few or no melanosomes. The nucleus is frequently

convoluted and the cytoplasm crowded with mitochondria

and free ribosomes.

Electron microscopic dona re ction

This was carried out on ten specimens using 0.1/

L-3» 4-dopa as substrate. Control experiments,

incubating slices in phosphate buffer alone, were

performed in parallel. Methodological details are as

outlined on page 91 though in these experiments thin

slices of tissue were obtained using a Smith and

Farquhar tissue sectioner (I. Sorvall, Inc.) according

to the maker's instructions.
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3. RESULTS

a) Ilistogenetic typing

Study of case summaries, clinical photographs

and light histological material revealed that the

series included:

Lentigo maligna melanoma 14

Superficial spreading melanoma 14

Nodular melanoma 9

Secondary cutaneous deposit 3

Table 4: Series of 40 malignant melanomas classified

according to histogcnetic type

Representative clinical appearances are seen in

Plates 53, 54 and 55 and typical histological features

are illustrated in Plates 56 - 58.
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Der'th of invasion

Using the levels suggested by McGovern et al. (1973)

(see page 177) the figures were:

Level
II

Level
III

Level
IV

Level
V

Lentigo maligna melanoma 4 4 4 2

Superficial spreading melanoma* 2 5 3 3

Nodular melanoma 0 2 5 2

* Level not classifiable in one specimen

Table 5: dumber of patients categorised according to

tumour tyne and death of invasion.
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b) Gleetron microscopy

(i) General cellular characteristics

There were only minor variations in the general

cellular architecture of tumours of different

histogenetic type. The nuclei in tumour cells of all

types were frequently bizarre and convoluted (Plates
60 - 62). The nucleoli were often abnormally prominent

and the nucleolonema appeared either as a compact mass

(Plate 61) or as dispersed strands (Plate 62).

Mitochondria an : free ribosomes were plentiful in

numerous tumour cells and the Golgi apparatus was

prominent in some. However no particular picture was

characteristic of any histogenetic type.

Tumour cells in lentigo maligna melanoma, however,

often exhibited numerous dendritic processes; a feature

seldom seen in the other types.

In general most cells inagiven tumour were similar,

and in only one specimen was there much difference between

the two blocks examined. However it was obvious that

in all tumours there were odd cells which were different

from the main type. For instance most cells of a tumour

might contain numerous granular melanosomes and a

prominent Golgi, but amongst these could be scattered

occasional cells with none or very few melanosomes, but

numerous mitochondria and free ribosomes. It was

therefore important to pick out the main cell type.
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Some tumour cells contained obvious homogenous

lipid inclusions whereas others contained vacuoles

lined by a layer of lipid. Occasionally large

(0.8 - empty vacuoles, with no limiting membrane,

were seen (Plate 73) and it se med likely that they had

formed as a result of lipid extraction during the

processing procedure. These vacuoles were noted in

all histogenetic types with equal frequency and were

quite different from vacuolar melanosomes, which were

smaller (150 - 400nm) and lined by a unit membrane.

Langerhans cells appeared normal in the epidermis

overlying the tumour nodules, though on a few occasions

they contained phagocytosed melanin (Plate 76).

Macrophages containing pigment (melanophages)

(Plate 75) and other mononuclear inflammatory cells

were seen amongst the tumour cells in all specimens.

They were not studied in detail, but their pr sence

or absence did not seem typical of any histogenetic

type. Sometimes it was not easy to differentiate

between melanopha es, and tumour cells showing

marked autophagocytosis of melanin. However, in

the latter, some melanosomes disposed individually

(rather than in complexes) were apparent (Plate 74).



(ii) . elanosonal morphology

Particular attention was paid to the type of

melanosome seen in the tumour cells. Plates 63 - 71

illustrate the characteristic appearance of each type.

Once again no particular profile was unique in a single

tumour, hut it was usually easy to determine the most

common forms in each tumour*, and their occurrences

were noted on the proforma.

The degree of autophagocytosis of melanosomes

(Plate 74) within tumour cell3 was also recorded on

the proforma.
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;T"fce 73 (X 24#000): 7' cuolos (u; to O.op:.. in diameter)
in tumour eel] a.

There is no limiting membrane to the v cuoles, which
hove probably developed as a result of lipid extraction
in the urocessinm procedure.
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Eighty proformas were analysed (Dr. J. Hunter and

Dr. S. Bleehan each filling up a proforma for ov ry

specimen) and there was, in all but a few instances,

good agreement between the two workers. Tables 6, 7,

8 and 9 summarise the findings in all the specimens

examined•

The ultrastructural appearance of lentigo maligna

melanoma is, in the majority of cases, quite

characteristic. The cells are frequently dendritic

and it is the only type of melanoma in which large

numbers of ellipsoidal and normal looking melanosomes

(150 - 300nm X 400 - 500nm) are often seen. Granular

melanosomes are seen only rarely. In general the cells

in lentigo maligna melanoma exhibit a high degree of

differentiation, which approaches the picture seen in

the normal melanocyte.

The tumour cells in all other types of melanoma

are similar. They usually contain numerous spheroidal

melanosoraes (150 - 500nm in diameter) with only

occasional ellipsoidal profiles. Abortive and granular

melanosor es are common in all, though lamellar

organelles are seen less frequently. Vacuolar

melanosomes appear to be more common in superficial

spreading melanomas. The tumour cells in superficial
spreading, nodular and secondary melanomas are
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therefore rather poorly differentiated, and often

bear little resemblance to normal melanocytes.

Autophagocytosis is seen frequently in lentigo

m ligna melanoma and superficial spreading melanoma,

but occurs less in nodular melanomas.

Melanomas arising from apparent pre-existing naevi

were not characterised by the dominance of any

particular type of melanosome. They exhibited the

complete spectrum of melanosomal profiles. Likewise

the depth of tumour invasion could not be correlated

with any particular melanosomal picture: i.e. deeper

invading tumours did not necessarily contain more

undifferentiated cells.
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Table 9 summarises the results according to histogenetic

type:

Histogenetic type Dominant celltype (Clark) DifPerentiation
M S ]E» A N 0 3 0 M B 3

AutophagoeytosisSpheroidal Ellipsoidal Normal Abortive Vacuolar Granular Lamellar
LMM II(III) B(C) ++ ++ ++ ++ + + + ++

SSM III(II) C(B) +++ + + •M" ++ ++ + +4-

m III(II) C(B) +++ + + 4*4- + ++ + +

Secondary
Deposit III C +++ + + ++ + ++ + +

Table 9: Summary of ultrastructural findings in 40 malignant

melanonomes according to histopenctic type.

Kav

LKK - Lentigo maligna melanoma
SSK - Superficial spreading melanoma
KM - Nodular melanoma

Dominant
cell type - Terminology as on p: ;e 182
Differentiation - As on pa :e 181
+++ - Nearly all
++ - Frequent
+ - Occasional but rare
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(iii electron raicroscoru dope reaction

Ten specimens war: examined:

Lentigo maligna melanoma (1'K) 4

Superficial spreading melanoma 3

Nodular melanoma 1

Local cutaneous recurrence (from LM ) 1

Secondary cutaneous deposit 1

Table 10: Electron microscopic dope, reactions c".fried out

on malignant melanoma specimens.

Reaction product was noted in all tumours which had

been incubated in dopa, but not in those incubated in

buffer alone (control series).

Cellular localisation of reaction product

Although reaction product was noted in all tumours

incubated in dopa it was not seen in all tumour cells. 'On

the contrary, it was seen in the minority of tumour cells.

Reaction product was never seen in raelanophages even

though it was often detectable in neighbouring tumour

cells (Plate 87).
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Subcellular localisation of reaction •product

Reaction product in the tumour cells was seen in

and around the Golgi apparatus in a situation identical

to that noted in melanocytes irradiated with ultraviolet

(see Chapter IV) i.e. in the saccules of both faces of

the Golgi apparatus, in vesicles (diameter 50nm - 120raa)

and endoplasmic reticulum closely related to the Golgi

(GSRL) and in vacuoles (diameter 100nm - 300nm) seen

usually in the Golgi region (Plates 77 and 78),

In contrast to the subcellular localisation in

normal melanocytes (Chapter IV) reaction product was

sometimes seen lining numerous large vacuoles (diameter
400nm - 600nm) scattered throughout the cytoplasm. This

occurred particularly in cells where vacuolar melano oa.es

were plentiful (Plates 79 and 80),

Reaction product was seldom identified in melanosoraes

showing any degree of structural organisation, (e.g.
melanosor.es with fibrillar or striated appearance,

abortive and granular melanosomes) though it was often

seen in and around the Golgi region of cells containing

such organelles (Plates 83 and 86).

•\n exception to this was the identification of

reaction product in patterns suggesting that it had been

deposited in lamellar organelles (Plates 81 - 83).

Type IV cells (page 182 without identifiable

organelles were seen to contain reaction product in the

Golgi apparatus and G RL (Plate 84) and peripheral
vesicles (Plate 85)•
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Plate 77 (X 26,000): Dona reaction product In GoLgi saccules
(open arrows) rnd related GERL. Reaction product also seen

in vesicles (diameter 200na) near Golgi apparatus.

Plate 78 (X 43,000): Dona reaction product in GKRL (arrow)
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i.
.-.I

Plate 79 (X 15,000): Vrcuol r melanoaones (arrow) in control.
(Incubation in buffer only).

Plato 80 (X 28,000):
melanosoraes (arrow),
in dopa.

"Dona reaction product in vacuolar

Sane tumour as above incubated
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Hate ."1 (X 22,000): Control reaction. Lamellar, I3rn0s0tn.nl-.
ike, tnel nonone:.: ".re arrowed. Dome pigment deposition in
ne on left.

Hate 22 (X 20,000): Done inclination. Reaction pro "uct seen
oro 'ilos which ere r.robnbly sinil r to melejtiosomes

••owed in Plate 81.
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The subcellular localisation of reaction product is

summarised in Figure 15.

Fi aire 15: .'Subcellular localisation of do a reaction

product in reuli~nant melanoma.

Reaction product is seen in the Golgi saccules and GrBRL,
It is also noted lining some vacuolar profiles and is
present in occasional lamellar melanoseses (open arrows).
It is rarely seen in granular and abortive melanosomes (arrows).
See Figure 11 for comparison.
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4. DI .3011351011

a) Findings in this study

The above results indicate that the ultrastructare

of lentigo maligna melanoma is fairly characteristic.

The evidence suggests that this is a well differentiated

tumour composed of cells showing malignant features (in

particular large convoluted nuclei and abnormal nucleoli)

but involved in relatively normal melanogenesis.

In most cases this picture is in direct contrast to

that seen in superficial spreading, nodular and secondary

melanomas* Here anarchy displaces order (Cesarin!, 1971)

and melanogenesis not only occurs in abnormal spheroidal

or
, !nelles, but becomes totally haphazard and disor anised.

There are only minimal differences in the ultrastructure

of superficial spreading, nodular and secondary melanomas.

The incidence of abortive, granular and lamellar organelles

see s similar in each though, in this series, vacuol r

melanosom s appear to be more common in superficial

spreading melanoma. It will be interesting to see whether

this finding can be confirmed by others.

The fine structural appearances can therefore be

classified into two broad categories. In the first

the tumour cells still resemble normal melanocytes

(differentiated group), whilst in the second all such

resemblance is lost, and subcellul r dedifferentiation

is obvious (dedifferentiated group).

The existence of a preceding nevus and the depth
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of invasion of the tumour c nnot be related specifically

to either picture. elanorm s which develop from naevi

can exhibit a fine structure characteristic of either

group, and the more deeply invading tumours do not

appear to contain only dedifferentiated cells.

The dopa reaction provided some interesting

information. The presence of reaction product in

vacuol r profiles (diameter 200 to 600nm) confirmed

the impression that such organelles were indeed

melanosomes without structural contents. It also

confirmed that this type of dopa reaction will not detect

tyrosinase once it is combined with the or anised

structured, matrix of the melanosome. Tyrosinase in this

situation is apparently inactivated by the glutamldehyde

used in the prefixatlon (see page 104).

Interestingly, tyrosinase still seemed detectable

when it was associated with the membranes of some lamellar

melanosornes; it may be that the enzyme is fixed to these

membranes in a way similar to its attachment to vesicular

and v cuolar membranes, where it is readily identifiable

by the dopa reaction.

The dopa reactivity of the Golgi and GddL regions in

Type IV cells should spell caution in int rpreting all

these cells as undifferentiated (Clark et al., 1972). The

dopa re ction demonstrates that some are indeed synthesizing

tyrosinase. ome may ther fore be young tumour cells v/hich

have not yet formed melanosome, i. This could explain their

occasional presence in even the moot differentiated of

tumours (e.g. patient numbers 8, 22 and 30. Table 6).
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The prognosis in patients with malignant melanoma

depends on many variables, but can be conveniently related

to three important features, stage (spread) of the disease

(Luce et al», 1973)» depth of invasion of primary tumour

(Clark et al., 1969) and histogenetic pattern (Clark et al«,

1969). Only the last two will be discussed here as only

they are relevant in this study.

The level of invasion of the tumour nodule is important

because of its direct correlation with prognosis (Clark et

al., 1969; KcGovern, 1970 and Little, 1972). The figures

quoted by Clark et al. (1969) are summarised in Table 11.

Depth of invasion
of primary tumour

/' 'urvivors
(5-7 yr follow up)

Level II 72

Level III 47

Level IV 32

Level V 12*

* Only 3 year follow up

Table 11: survival in 208 oatients with mali>mant

melanomas related to depth or' invasion of primary tumour,

(information from Clark et al., 1969)
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The series of Clark et al. (1969) also highlighted

the relationship between histogenetic type and prognosis:

Table 12.

Histogenetic type
P survivors
(208 patients - folloxfed
up 5-7 years)

Lentigo maligna
melanoma 55

Superficial spreading
melanoma 46

Nodular melanoma 27

Table 12

(Information from Clark et al., 1969)

The figures reported by McGovern (1970), Huves

et al. (1973) and Jourdain (1974) show similar trends.

It is, of course, too early to relate the
ultrastructural appearances noted in this study with

prognosis. There is no clear cut relationship between

fine structure and depth of invasion of the primary

tumour (see above). Nevertheless it is possible that

those patients with tumours e tending to a depth of

Level V may have a better prognosis if the ultra-

structural appearance is that of the differentiated group

(e.g. patients numbers 27, 28 and 43, Tables 6 and 7,

and 42 Table 8).
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Put another way, the 12>' of patients surviving with

primary tumours at Level V (Table 11) could be those

with tumours having a different! ted ultras!ructural

appearance*

The same sort of reasoning can be applied to

survival according to histogenetic patterns. Co

those patients who survive with nodular melanoma (27/
in Table 12) have ultrastructurally differentiated

tumours? Conversely, are most of the deaths

associated with the dedifferentiated pattern? Time

is needed before these important questions can be

answered. The series should be analysed again in

five years, and these points investigated. If

correlations are found, thon there could be obvious

therapeutic implications, as more aggressive treatment

is indicated in patients with a poor prognosis.

b) Comparison of results in this study with those of others

It is now worthwhile comparing the results in this

series with those in others. As mentioned in the

introduction, the number of patients studied by some

workers was exceedingly small. T e results of this study

show that, with such small numbers, the exception rather

than the rule could have been reported, so caution is

indicated when drawing conclusions.
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The number of patients studied

recorded below.

Anton Lamprecht et al.t (1971)
Arao et al., (1971 )

Cesarini, (1971)

Clark et al., (1972)
Clark and Bretton, (1972)

Jakubowicz et al., (1970)

Hirone et al,, (1971)

Klingmuller et al., (1970)

Klug and Gunther, (1972)

cGovern and Lane Brown,(1969)

Mishima, (1967)

Mishima et al., (1975)

Lupulesco et al., (1973)

in published work is

- 1 (LMK)
- 2 (LMK)
- 100 (no details of

histogenetic type)
- 7 (LMK-3, GSK-4)
- No numbers stated

- 2 (no details of
histogenetic type)

- 6 (LMM-2. NM-2, Preceding
naevus-2)

- Ko numbers stated

- 32 (no details of
histogenetic type)

- Ko numbers stated

- 13 (Malignant naevocytoma-11,
malignant melanocytoma-2)

- 23 (SSM-23)
- 2 (in:-2)

The two largest series (Cesarini, 1971 and Klug

and Gunther, 1972) are unhelpful. Klug and Gunther

(1972) distinguish two main types of cell in malignant

melanoma which they term "Type A" and "Type B". Type A

cells contain cigar shaped melanosomas, and Type B cells

spheroidal ones. Unfortunately they do not correlate

the occurrence of these types of cells with different

histogenetic patterns, but there is a suggestion that



their Type B cells corres ond with the cells rioted in

lentigo maligna melanoma by Mishima (1967). This is a

pity as, until then, their Type A cell appeared to

correspond with the differentiated type of cell

described in this Chapter, and their Type B cell with

the dedifferentiated type.

The descriptions in Cesarini's (1971) study of

100 cases of malignant melanoma are too vague, and

there was no attempt to correlate elanosoaoal profiles

with histog netic types. However Pig. 4c does show

some typical vacuolar melanosomes.

The findings in this series are in general

agreement with those of Clark et al. (1972). This

is particularly encouraging as the terminology used

here was based on that suggested by this group of

workers. They also emphasized the overlap between

the fine structural appearances seen in the different

histogenetic types. This has been verified, but the

main conclusion that lentigo maligna melanoma usually

has a distinctive ultrastructure still seems valid.

In addition to the findings of Clark et al., the

vacuolar type of melanososie was also described and

emphasized in this study, especially as it a peared

to be more common in superficial spreading melanoma,

Similar findings in lentigo maligna melanoma

have been reported by Tlirone et al. (1971) and Lupuleseo

et al. (1973), and these workers also comment on the
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relatively normal appearance of the melanosomes in

this histogenetic type. In contrast Mishima (1967)

and McGovern and Lane Brown (1969) referred to the

pleomorphic appearance of the melanosom-a in lentigo

maligna melanoma. However the observations of aishima

could have been due to the fact that they were made at

a time when superficial spreading melanoma had not

been distinguished from lentigo maligna melanoma, and

were therefore based on the study of two histogenetic

types.
"

cCrovem and Line Brown (1969) and Anton Lamprecht

et al. (1972) have drawn attention to large cytoplasmic

vacuoles (diameter 1 - 1 .4|*m) in the neoplastic cells
of lentigo maligna melanoma. Similar vacuoles have

been noted in the series described in this Chapter,

though they have been seen as often in superficial

spreading and nodular melanomas, The view that they

are due to lipid degeneration (Anton Lamprecht et ai«,

1972) in supported. Their appearance is quite different

from that of vacuolar melanosomes (Page 186).

Mishima and Matsunaka (1975) have recently described

their findings in superficial spreading melanoma. They

considered that the neoplastic cells in this type of

melanoma synthesized "rather uniquely spheroid melanosones

containing finely ranuler, densely distributed melanin

particles and occasionally whirlwool-like internal

structure", and they record the diameter of these
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melanosomes as 500 - 700nm. The findings reported

here are different. The granular and lamellar

melanosomes are found frequently in melanomas other

than superficial spreading type, and numerous

measurements indicated that their diameter was

smaller, i.e. 150 - 400nm. studies on more specimens

of this Mitogenetic type are necessary before any firm

conclusions can "be drawn.

.'Hingmuller ct al. (1970) were unable to relate

the fine structural appearance of melanosomes with any

particular Mitogenetic type, and Jakubowicz et al.

(1970) felt that the study of melanosoraal morphology

in malignant melanoma was of limited value, and thot

the differences in aelanosomal structure were not

great enough to afford diagnostic or differential

diagnostic criteria.

c) The significance of fine structure in relationship

to the pathogenesis of malignant melanoma

Studies on the fine st nicture of melanoso:aes in

malignant melanoma stem from the original work of

Mishima (1960 and 1967). On the basis of clinical and

pathologic ,1 differences he suggested that melanomas

arise either from malignant transformation of normal

melanocytes (aelanocytic malignant melanoma) or from

transformation of junctional naevus cells (naevocytic

malignant melanoma). Me supported this hypothesis
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with evidence (which now appears to have been inaccurate)

suggesting that melanocytic and naevoeytic malignant

melanomas could be distinguished by the distinctive fine

structure of their melanosomes. Although Mishima's

original work ay be open to question, there can be no

doubt that his ideas led to much further study of

melanosome polymorphism as a tool in the differential

diagnosis of histogcnetic types of malignant melanoma.

Recent investigations into the pathogenesis of

malignant melanoma have provided little support for

Mishima's views. Lever (1975) has pointed out that

his hypothesis implies that all malignant melanomas

other than malignant melanocytomas (in which group

Kishima places lentigo maligna melanoma) develop from

naevi. Since lentigo maligna melanomas comprise little

more than 10>"' of all malignant melanomas, this would mean

that 909 of all mel nomas develop from pre-existing naevi.

This is quite contrary to the present belief that only

20/& of malignant melanomas arise from pre-existing naevi

(Clark et al., 1969). Mishima's hypothesis is also based

on the assumption that the melanocyte and junctional

naevus cell are two different types of cell, a view

which is not supported by the ultrastructural studios

of Gottlieb et al. (1965) and Hirone et al. (1971).

McGovern and Lane Brown (1969) also consider that

"junctional naevus cells arc proliferated normal

melanocytes".



The histogenetic typing currently favoured by most

workers (and used in this Chapter) stems from the

studies of Clark (1967) and McGovern (1970). Clark

et al. (1972) have found naevi associated with all three

histogenetic types: lentigo maligna melanoma, superficial

spreading melanoma and the nodular type, '^'hey consider-

that the melanocytes, whether dispersed in a pre-existing

naevus or whether dispersed as art of the normal intra-

epidermal raelanocytic population, may be effected by the

agent responsible for malignant change.

It is always difficult to be sure of the nature

of any pre-existing pigmented lesion, and the criteria

used in the study reported in this Chapter were probably

over-strict. Nevertheless the finding that pre-existing

naevi occurred with similar frequency in all histogenetic

types supports the view of Clark et al. (1972). It was

also evident that there w-a no distinctive melanosomal

pattern in melanomas developing from pre-existing naevi.

Mishima *s view, that melanomas developing from

naevi contain characteristic melanosomes, has received

support from only one grow of workers recently. Hirone

et al. (1971) felt th? t granular melanosomes were seen

only in naevocytic melanomas, but only two such speci ens

were studied. Howev r, in this study, it was noted that

granular melanusom s can be seen in all histog netic types

of malignant melanoma and cannot be related to the presence

of pre-existing naevi.



It is now quile evident (see introd;iction in this

Chapter) that there are readily identifiable clinical

and histological differences which distinguish the

histogenetic types of malignant melanoma. They are,

indeed, the raison d'etre of the classification. For

instance lentigo maligna melanoma has been shown to be

slowly growing and relatively benign; whereas the other

types of melanoma are much moro agressive (Clark, 1967).

Paralleling the clinical differences, the slower growing

len igo maligna melanoma retains the capacity for

relatively normal melanoge- esis whereas the more agressive

tumours show little tendency to form normal melanosomes.

Meyer (1963) has shown that melanosomal fine struct re

is under genetic control. In mice, mutant alleles have been

shown to cause disorientation of melanosomal fibres

associated with reduction of fibre cross-linking. Although

the carcino enic stimulus in malignant melanoma remains

unknown, it seems quite possible that the similar type of

disorganization of melnosomal structure, noted here in

superficial spreading and nodular melanomas, could be due

to . somatic mutation or viral incorporation into the

genome of the cell.

The contrasting biological behaviour, histology and

fine structure of lentigo maligna melanoma, when compared

with other types of melanoma, suggest a different node of

pathogenesis in lentigo maligna melanoma. However It

remains a matter of conjecture whether this is due to a

different carcinogenic agent or to a more orderly and

conditioned host response to the same agent.
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Chapter IX

PSEUDO-MELANOMA

Including

1. INTRODUCTION

2. MATERIAL AND METHODS

3. CASE REPORT

a) History and examination

b) Macroscopic picture

c) Light microscoy

d) Electron microscopy

4. DISCUSSION
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1. IHTROPUCTI N

In this chapter an extreme rarity will be considered.

During the search for surgically excised specimens of

malignant melanoma, tissue from a pigmented breast leaion,

thought on clinical grounds to be a malignant melanoma,

was acquired. At operation, nd on frozen section

examination, it became obvious that the lesion was due

to a carcinoma of the breast invading the overlying

epidermis, and causing a remarkable pigmentary reaction.

The opportunity of studying the fine structure of this

lesion was too good to miss, and the curious picture

is described below.

2. MATERIAL AMb METHODS

As outlined in Chapter II.

3. CAGE RSPORT

a) History and examination

Mrs. A.V., aged 76 years, had noticed a pigmented lump

under her right breast. It bad been present for about six

months and had neither bled nor changed colour. It was

enlarging slowly.

Examination revealed a. black pigmented nodule
P

measuring 0.8cm", situated in the submammary skin crease

of the right breast fold. The nodule was surrounded by
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an area of induration measuring 2.5 X 1,2cm and, deep
2

to it, a firm irregular mars of about 3cm could be

felt. 0,5cm medi 1 to the leoion was a violaceous to

pink dome shaped papule measuring 0,5 X 0,3cm (Plate 88),

There were two enlarged glands in the right axilla.

The lesion was removed locally under general

anaesthetic (Plate 89) and, after the diagnosis of an

anaplastic carcinoma of the breast had been made on

frozen section, simple mastectomy was performed.

The patient was treated with post operative radio¬

therapy, and was alive and well in March 1976, with no

eviden e of tumour recurrence.

b) >acroscordc picture of excised leoion (Plate 89)

Even without histological confirmation it was obvious

that the main leoion ws due to a carcinoma of the

breast which had invaded the overlying epidermis.

The main tumour mass ws about 3cm deep to the skin
p

surface and measured 1.5cm". It was invading the

surrounding fat, and there was a moderate fibrous

reaction.
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Plate CG: aou.;o- •ol- r:-:-,i " . :i, Git infrrv.iar. • .r:' 're ,.:t folcU

Plate 89s " - arPo-.; -el-- <io^an ectioning of excised specimen
reveals underlying breast carcinoma (large arrow).
Small arrow indicated pigmented lesion on surface.



c) Light microscopy

Dr. A. Shivas (Department of Pathology, University

of Edinburgh) reported the histological sections:

"The tumour nodule has the structure of an anaplastic

carcinoma of the breast showing a prominent scirrhous

reaction with marked elastosis. The ov rlying

epidermis is infiltrated by tumour cells and

considerable quantities of melanin are present in

the superficial dermis. The appe ranees are not

those of melanoma."

Several lymph no'es of the axillary tail were also

replaced by cords of poorly differentiated carcinoma.

Plates 90 and 91 are photographs of haematoxylin

and eosin sections of the superficial part of the lesion.

In Plate 90 it can be seen that the tumour cells are

dispersed in a mainly horizontal fashion in the middle

and deep dermis, whereas in the superficial dermis they

form cords running perpendicular to the epidermis. A

picture, resembling "junctional activity" in naevi, is

produced where the tumour cells reach the epidermis

(Plate 91). Even in the haematoxylin and eosin sections

considerable pigmentation in both the base of epidermis

an: superficial dermis is evident (Plate 91). In the

papillary dermis occasional pigmented cellular processes

can be s en surrounding tumour cells (Plate 91) though

this is much more obvious in the section, depicted

in Plate 92, stained for melanin (Passon Fontana).
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d) Blec'-ron microscopy

There was considerable hyperpigmentation in

keratinocytes of the basal and suprabasal cell layers.

The epidermal melanocytes had numerous dendritic

processes and were packed with melanosomes at all

stages of development. The structure of the raelanosomes

appeared normal; so the melanocytes could be called Type I

cells using the t rminology outlined on page 182 (Plate 93).

Cells of the breast carcinoma (Plate 98) looked

undifferentiated. They had convoluted nuclei and often

prominent nucleoli. Free ribosomes and mitochondria

were abundant in their cytoplasm and occasionally

vacuoles, due to presumed lipid degeneration, were

noted (Plates 94 and 95). Kany cells contained bundles

of fine fibres (Plates 95 and. 96).

The most interesting part of the lesion was that

in the papillary dermis (i.e. that area shown in Plates

91 and 92). Here melanocytes became intimately associated

with tumour cells, and their dendritic processes, packed

with melanosomes, surrounded them (Plates 94, 95 and 96).

Melanocytes were even seen surrounding tumour cells in

the mid dermis. Although minor phagocytosis of

melanosomes by tumour cells was noted occasionally

(Plates 95 and 96), no signs of phagocytosis of tumour

cells by melanocytes were evident. There were, however,

numerous pigment laden melanophages scattered throughout

the dermis (Plate 97).



.

- —1,e 92 (.. 40;): ■■ Oo-:;el- " , r-> ni" -■■■■ •?,.
Kel- nin stain reveals numerous pigmented' ienivltio cells

® n£®t tumour cells. Arrows Indie te processes
surroundir: ta our cell (. son-Foata a)

"Mo * ( 1 s500): "Pseudo-melanoma" Cell body of
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4. DI"CU33lOIf

In 1926 both flasson and Caudiere referred to single

eases of carcinoma of the breast invading the overlying

skin and producing a bizarre response in the melanocytes

of the epidermis. Lewis h-s seen the phenomenon more

-"re uently in Africans, and a light microscopic

illustration of it appeared in a recent publication

(Copeman et nl., 1973) with a comment that the "very

striking appearance is likely to cause confusion with

malignant melanoma," This seems to be the first

ultrastructural study of the response.

Little is known about the mechanisms which influence

the normal melanocyte to remain in it: intracriderstal

location. However it does seem likely that keratinocyteo

are involved, in some way and i'runieras (1969) his suggested

that keratinocytes have to be present if melanocytes

are to ultiply in vitro. Whatever the mechanism, it

seems an inescapable fact that there is a close symbiotic

relationship between melanocytes and surrounding

keratinoeytes in both normal and abnormal conditions

(J'inkus et al., 1959).
Some epidermal tumours, for example basal cell

carcinoma and basal cell papilloma, (more often known

to dermatologists as "ceborrhoeic wart") are frequently

pigmented (Zelickeon, 1967 and Lever, 1975). In

addition to the proliferation of keratinocytes these

tumours contain many functional melanocytes (Bleehen,
1975). In basal cell papillomas the melanin pigment
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is found predominantly in the tumour cell8 (Lever, 1975),
while it is seen in both melanocytes (Selickson, 1967

and Bleehen, 1975) and tumour colls (lohibaehi et al.,

1971) in b sal cell carcinomas. Kiahima and Pinkus (1960)

drew attention to the increased number of highly dendritic

and pigmented melanocytes in one type of benign epidermal

tumour. They felt that the melanocytes showed neoplastic

rather than reactive features, and considered the lesion

to repr sent a benign mixed tumour of both melanocytes

and keratinocytee, which they called "Helanoaconthoma".

nowadays, however, most opinions consider that this is

not a distinct entity but rather a variant of basal

cell papilloma (Lever, 1975 and Bleohen, 1975) in which

there Is a block of pigment transfer from melanocyte to

keratinocyte.

The situation in the unusual lesion described here

is apparently very similar to that seen in the

wmelonoaconthomaM variant of basal cell papilloma,

except that the tumour cells wore derived from the

epithelium of duct or ductulnr elements of breast,

rather than epidermis. The melanocytes showed both
hypertrophy and hyperplasia, and had migrated from

their normal situation in the base of the epidermis.

Ultrastructurally, they are beat considered as

hyperactive, rather than neoplastic melanocytes.

Although their melanosomnl morphology was similar

to that seen in lentigo maligna melanoma, their
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nuclei and nucleoli did not exhibit the malignant

characteristics which are seen in this tumour (see page 185

and Plate 60).

One can only speculate on the mechanisms Involved.

It is possible that the oncogenic agent responsible for

the breast carcinoma also caused hypertrophy and

hyperplasia of the melanocytes ("field change").
However it seems more likely, particularly in view

of the intimate association between the two types of

cell, that the tumour cells produced some substance

that attracted the melanocytes and caused their

hyperactivity (increased melanosorae production and

arborisation of dendritic processes). The overload

of melanosomes in the melanocytes could also have

been due in part to a block in their transfer to

the tumour cells.

In conclusion it seems reasonable to suppose that,

under certain conditions, epithelial cells can influence

the activity of melanocytes, and that the profound

arborisation of melanocytic dendrites noted in the

case above, after ultraviolet irradiation and in

conditions associated with post inflammatory

pigmentation (Pinkus et al., 1359) is due to some

factor secreted by the epithelial cell. The unusual

case reported here therefor exemplifies the close

relationship between melanocytes and cells of

epithelial origin.
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Chapter X

GENERAL DISCUSSION

Including

1. INTRODUCTION

2. ULTRAVIOLET IRRADIATION

3. SUCTION AND FRICTION STUDIES

4. HISTIOCYTOSIS X, MALIGNANT MELANOMA AND

"PSEUD0—MELANOMA"



1. INTRODUCTION

Space has already been given to discussion of

this work at the end of each chapter. In this

section an attempt will be made to stum: rise and

correlate the views so that an overall impression

of the structure and function of dendritic cells,

subjected to various forms of stress, is obtained,

2. ULTRAVIOLET IR. APIAT I N

There is now considerable kno lei e of the

processes involved in melanin pigmentation of human

skin exposed to ultraviolet radiation. It has been

summarised well by Pathak et al., (1971). There is

little disagreement that ultraviolet irradiation

effects primarily the melanocyte and surrounding

keratinocytes of the epidermal melanin unit.

As soon as five minutes a"ten ultraviolet

ex osure there is some darkening of the skin. This

immediate pigment-darkening reaction has, until now,

not been considered in this thesis. It was not a

factor in the experiments described in Chapter IV,

which are concerned with much later events in the



response to ultraviolet radiation. Most caucasoids

who have sunbathed must be aware of its existence;

it is the "false tan" which appears within a few

minutes of sun exposure. It is probably due to

the migration and redistribution of already existing

melanosomes from basal to more superficial keratinocytes,

and to an oxidation reaction occurring in the

melanosomes which may convert them temporarily to more

dense structures (Pathak et al., 1971). With

cessation of ultraviolet exposure the immediate

pigment-darkening reaction fades rapidly for the

first ten to fifteen minutes, and then more gradually

over the next four or five hours.

The more delayed process of new pigment formation

(melanogenesis) begins at about 24 hours (see Chapter

IV). It depends on an increase in number of functional

melanocytes, an increase in tyrosinase activity find

melanosome production, and an increase in transfer of

new melanosomes to the surrounding keratinocytes in

the epidermal melanin unit. Each step is probably

under genetic control (page 30).

Proliferation of melanocytes or activation of

'dormant* dopa-negatire melanocytes in response to

ultraviolet irradiation has been demonstrated



conclusively by light microscopy (e.g. Pathak et al.,

1965; Quevedo et al., 1965; Ssabo, 1967 and Wolff

and V.'inkelmann, 1967) and electron microscopy (Mishima,
196"* j Zelickson and Mottaz, 1970).

An increase in tyrosinase activity in response

to ultraviolet irradiation was demonstrated at the

light microscopic level by Fitapntrick et al., 1950.

The experiments described in Chapter IV were the first

to outline the subcellular events which occur in the

ultraviolet—irradiated melanocyte. In the discussion

section of Chapter IV it is argued that the results

support the prime role of tyrosinase, rather than

peroxidase, in the process of melanogcnesis. As

Tod a and Fit sp.atrick (1971) have shown that

glutaral&ohyde prefixation in such electron microscopic

cytochemical experiments almost abolishes tyrosinase

activity in melanosomes of later development than

Stage II, the experiments described in Chapter IV

cannot be expected to detect tyrosinase in the late

stages of its transport from ribosome (origin) to

melanosome. This is illustrated diagraoatically in

Fig. 16. In this, tyrosinase is represented as an

X and the box encloses that part of its Journey from
rlboooses attached to the endoplasmic reticulum
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(top right) to melanosomes (bottom) which can be

followed using the ultrastructural dopa or tyrosine

reactions described in Chapters IV and VIII.

Figure 16: Diagram showin :. in the box, localisation of

tyrosinase (X) that can be detected using an ultrastructural

dona/tyrosinane reaction with glutsraldehyde nrefixation.
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The ultrastructural cytochemical experiments in

Chapters IV and VIIT support the view that tyrosinase

passes from the rough endoplasmic reticulum to the Grolgi

apparatus via a tubular system of membranes (CBRL), and

is channelled from both, the Golgi apparatus and 0T3RL to

focal dilatations of the smooth endoplasmic reticulum

in which the earliest melanosomal structure has formed

independently. Melanisation of the structural protein

can then take place, an once this is complete the

connection with the tubular system io severed. No

major difference in the subcellular localisation of

tyrosinase was noted between the ultraviolet-stimul. ted

(Chapter IV) and neoplastic (Chapter VIII) melanocyte,

though in some malignant cello there is an obvious

arrest in development of the Stago I melanosone, so

that large tyrosinase-positive vacuolar melano omes are

formed. (Plates 79 and 80).

The precise way in which ultraviolet irradiation

induces tyrosinase activity is not known, hut the concept

that its action is mediated by inhibition of glutathione

reductase in the epidermis is intriguing, and seeks
i

sound (see page 19)*
The Increased tyrosinase activity in melanocytes

after ultraviolet stimulation is also associated with

an increase in the rate of melanosomal formation. When

compared with non-irradiated skin, the irradiated skin

of both caucasoids and negroids shows more melanosomes

f \
11

\ V

. \'

\
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in both melanocytes and keratinocytes (Szabo, 1967

and Szabo et al#, 1969).
Less is known about the effects of ultraviolet

irradiation on the transfer of melanosomes to surrounding

keratinocytes of the epidermal melanin unit. However,

considerable arborization of melanocyte dendrites is

appreciable in biopsies obtained after ultraviolet

irradiation (Pinkus et al., 1959)i so this must

represent one mechanism. It is also significant that

defects at this stage (i.e. in the transfer of melanosomes

from melanocytes to keratinocytes) have also been noticed

in human skin exposed to prolonged solar radiation

(Mitchell, 1963).

In Chapter IV the effect of ultraviolet irradiation

on the Langerhans cell population was discussed in detail.

At present it seems probable that there is no direct

relationship, and that any change in the numbers of

Langerhans cells following ultraviolet stimulation can

be explained more logically on the basis of either

mutual competition with melanocytes for territory in

the basal cell layer (Breathnach, 1968 and Riley, 1975)
or as a secondary effect of ultraviolet-induced changes

in keratinocytes (Nix et al., 1964).
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3. AUCTION '-jn FRICTIOIT STUDIJ33

These studies exemplify certain physical differences

between the keratinocyte and dendritic cell population.

Melanocytes and Langerhans cells Eire hardly effected

by either type of stress, yet there are profound changes

in the general epidermal structure. It would seem that

dendritic cells are able to withstand such insults

because of their lack of attachment to neighbouring

cells, and that this malleability provides an effective

shock absorber system. The suction experiments also

indicate that communications between the extracellul r

space and the system of endoplasmic reticulum, which

have been demonstrated in keratinocytes (Honigsmann

and Wolff, 1973)» do not exist in dendritic cells,

4. HINTIQ0YT031.3 X. HALICWANT KBLRITCMA AN ■ "PO OUDO^BLONQMA"

These conditions can conveniently be discussed

together. All represent proliferations of one type of

dendritic cell population, and all are at present of

unknown aetiology. Viral causes for both histiocytosis X

(Nezelof and Basset, 1973) find malignant melanoma

(Birkmayer et al., 1974) have been considered, but

conclusive evidence is still lacking.

The ultrastructural findings in the single case

of histiocytosis X reported here are simil r to those

recorded by others. Frequent cells in the histiocytic
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infiltrate contain granules that are identical with

those seen in the normal epidermal Langerhans cell.

The concept that histiocytosis X is a proliferative

disorder of pathological epidermal Langerhans cells

(see Discussion Chapter VII) Is most attractive

and is supported by the findings reported here.

However, even if this is accepted, it must be

questioned whether it necessarily indicates a

histiocytic role for the normal Langerhans cell,

Nezelof and Basset (1973) have argued that there

are more common features than differences between

histiocytosis X cells and histiocytes (see page 163),
and therefore consider that the histiocytosis X cell

represents "a proliferative disorder of a highly

differentiated and specialized cell: the Langerhans

histiocyte." Although they deduce that the normal

epidermal Langerhans cell has a histiocytic function,

other experiments (see page 54) have failed to confirm a

major phagocytic potential.

Unfortunately the experiments in this thesis do

not shed much further light on the function of this

mysterious cell. However, considering the experimental

results reported here and recent publications relating

to the function of the Langerhans cell, it would seem

(almost by exclusion) that two possible avenues

warrant further exploration. Studies which investigate



the role of the Langerhans cell in cell mediated

reactions (see page 53) should be worthwhile, and

it would be interesting to learn more about the

function of the cell in relationship to epidermal

turnover time (see page 56).
The picture in histiocytosis X is essentially an

orderly one and is best considered as a well controlled

but exaggerated response to an unknown stimulus. On

structural grounds it is similar to the type of response

seen in the proliferative melanocytes of lentigo maligna

melanoma (Chapter VIII) and "pseudo-melanoma" (Chapter

IX). It seems totally different from the picture seen

in superficial spreading and nodular melanomas where

order is replaced by anarchy, and the melanosomes can

hardly he recognised as such.

That histiocytosis X and lentigo maligna melanoma

are malignant processes cannot be denied, as both

conditions can be rapidly invasive and destructive,

and both may metastasize. Nevertheless the clinical

course and response to treatment in these conditions

suggests th t the cellular proliferation is not so

uncontrolled that it cannot be influenced by

therapeutic means. Both can be considered as

proliferative disorders of highly differentiated and

specialised cells with consequent low malignancy.

In superficial spreading and nodulr malignant

melanoma the situation is very different. The studies
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in Chapter VIII support Hishlma*s original view (1967)

that there are differences between the oncogenesis of

lentigo maligna melanoma end other types of malignant

melanoma. However Hiahima (Iiishima and Matsunaka, 1975)
believes that these differences depend on whether the

malignant cells develop from preceding naevus cells

(naevocytic melanoma) or melanocytes (melanocytic

melanoma) (Fig• 17).

Neural Crest

Melanoblast

v

Kelanocyte

Lentigo senilis

v

Lentigo maligna

Naevoblast

v"

Naevus cell

v

Junction naevus

ik

Superficial spreading Active Junctional

melanoma (in situ) naevus

Lentigo maligna melanoma Superficial spreading Nodular melanoma

melanoma

i.e. Melanocytic melanoma i.e. Naevocytic melanoma

Figure 17: Simplified diagram of Mishima's views on

oncogenesis of malignant melanoma.

(From Mishima and. Matsunaka, 1975)



Mishima1s concept is undoubtedly attractive,

but our work ard that of others (see discussion in

Ch pter VIII) show that there is scant structural

evidence to support the idea of a naevus cell origin

for all melanomas other than the lentigo maligna tyre.

The results of the experiments described in

Chapter VIII also indicate an overlap in the ultra-

structural appearance of lentigo maligna melanoma

when compared with the other types, as noted by

Clark et al., (1972). For example, in a few cases

of lentigo maligna melanoma, the fine structure was

more in keeping with that of superficial spreading

or nodular melanoma and vice versa. Some might

consider that this supports the cone pt of a spectrum

of malignant dedifferentiation, rather than two sharply

defined histogenetic or oncogenetic categories, as

suggested on page 222.

Perhaps a more int resting facet of the study

will become a parent in a few years time. It would

be both intriguing and helpful to know whether

prognosis can be related to ultrastructural appearance,

as this would have obvious therapeutic implications

( ee page 214).

The dopa studies in Chapter VIII provided some
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interesting information. The variability of dopa

positivity of tumour cells was obvious, some showing

gross deposition of reaction product whilst neighbouring

cells showed none. This suggests a possible drawback

in any therapeutic or diagnostic procedure which might

depend on dopa uptake by malignant cells. The dopa

studies also indicated that some of the undifferentiated

cells (Type 17 - Clark et al., 1972) were probably young

tumour colls in which melanog aiesis is just beginning,

but in which melanosomes have not yet been formed.

The 1 pseudo-melanoma* described in Chapter IX

is basically a curiosity. The melanocytes i& it were

highly active and, on ultrastractural grounds, similar

to those of lentigo maligna. The unusual picture merely

serves as a reminder of the close relationship between

epithelial cells and melanocytes. Either an unknown

oncogenic agent caused proliferation of both breast

epithelial cells and local melanocytes (field change),
or melanocyte activity was induced by a product of the

breast carcinoma.

Finally the tumour studies presented here provide

little support for a close relationship between the

Langerhans cell and the melanocyte, In histiocytosis X

the melanocytes appeared unremarkable, and the Langerhans

cells were normal in malignant melanoma.
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MELANOGENESIS: ULTRASTRUCTURAL HISTOCHEMICAL
OBSERVATIONS ON ULTRAVIOLET IRRADIATED

HUMAN MELANOCYTES*

JOHN A. A. HUNTER. M.B., Ch.B.. M.R.C.P.E.,t JESS H. MOTTAZ. B.S. and
ALVIN S. ZELICKSON, M.D.

ABSTRACT

Ultrastructural DOPA and tA'rosine reactions have been used to provide information
regarding subcellular sites of melanogenesis within the melanocyte following ultraviolet
irradiation of normal human skin. Our observations indicate that the earliest premelano-
somes arise from all parts of the Golgi apparatus as well as from a Golgi associated sys¬
tem of smooth endoplasmic reticulum (GERL). The time interval following irradiation
influences the site of enzyme activity. The role of the Golgi apparatus in melanogenesis
is discussed and special attention is drawn to the fact that some premelanosomes fre¬
quently show no tyrosinase activity, even though such enzyme activity may be present
in neighboring vesicles.

Melanin is synthesized in mammalian skin
in special secretory cells known as melanocytes.
These cells contain the enzyme tyrosinase
which is responsible for the conversion of
tyrosine to dihydroxyphenylalanine (DOPA)
and dopaquinone (1), and the conversion of 5-6
dihvdroxyindole to indole-5,6-quinone (2).
This latter monomer is then oxidized and

polymerized to form melanin which is attached
to the protein matrix of the melanosome by
various linkages.

Much knowledge about the subcellular lo¬
calization of melanin biosynthesis has been
gained using recently available techniques
such as ultracentrifugal separation of cell
particles, density gradient centrifugation and
electron microscopic monitoring of the sepa¬
rated cell fractions (3, 4, 5, 6, 7). It is generally
accepted that tyrosinase is synthesized on the
ribosomes, transferred via the rough endo¬
plasmic reticulum to the Golgi apparatus where
it is assembled into units each of which is sur¬

rounded by a smooth surfaced membrane to
form a vesicle. The melanin polymer is then

* From the Department of Dermatology, Uni¬
versity of Minnesota Medical School, Minneapolis,
Minnesota 55455. (Reprint requests to Dr. Zelick-
son.)
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gradually deposited within this vesicle on an
inner membranous structure. Various stages
(premelanosomes) between the smallest vesicle
containing tyrosinase and the fully developed
melanosome have been described (8). The
ultrastructural morphology of human mela¬
nomas is compatible with this concept (9) and,
in mouse melanomas, such a pathway has been
supported by both in vivo and in vitro ultra-
structural autoradiographic studies (10, 11, 12).
Contemporary views on the subcellular local¬
ization of melanin biosynthesis have been sum¬
marized in two recent reviews (13, 14).

Thus, our present knowledge on the subcel¬
lular localization of melanin biosynthesis has
been largely guided by work on the abnormal
neoplastic pigment producing cells of mice,
using the above mentioned procedures. Such
methods are not without obvious intrinsic lim¬
itations which include damage to isolated cell
organelles and a degree of interfractional con¬
tamination.

This study was undertaken to investigate
the subcellular sites of melanogenesis in human
melanocytes using the ultrastructural DOPA
reaction described by Mishima (15), and the
light microscopic tyrosine reaction of Fitz-
patrick et al. (16) adapted for ultrastructural
usage. Particular attention has been paid to
the region of the Golgi apparatus, which is
shown schematically in Figure 7. The term
saccule is preferred to cisterna, and the two
faces of the apparatus have been called vesic¬
ular and vacuolar rather than forming and ma-
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Fig. 1. 72 hrs following ultraviolet irradiation. Incubation: tyrosine. Melanocyte on the
basal lamina (BL). Linear reaction product (arrows) together with vesicles containing
reaction product are seen in close association with the Golgi apparatus. Numerous vesicles, of
varying sizes and containing reaction product, are seen between those associated with the
Golgi complex and the melanosomes (ME). K. Keratinocyte. M. Mitochondrion. RER.
Rough endoplasmic reticulum. N. Nucleus. D. Dermis. X 18.200.
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ture (see discussion). As the Golgi apparatus of
the melanocyte frequently shows no convex or
concave face these adjectives are not used.
The system of smooth endoplasmic reticulum
closely associated with the Golgi apparatus
is referred to as GERL according to the ter¬
minology of Novikoff (17, 18, 19).

materials and methods

The untanned skin of the upper forearm of a 30
year old Caucasian male was selected as the test
site. The minimal erythema dose (MED) for this
area using a hot quartz lamp source (Burdick
Company, Milton, Wisconsin. Type QA 450. Peak
transmission at the 309nm and 313nm bands) was

established. An area of approximately 2 cm2 was
then irradiated with a dose equivalent to 6 X
MED. This caused visible erythema in 1-2 hours
following irradiation and slight clinical edema by
24 hours, when the reaction appeared to be at its
height. Vesiculation was never noted and the
treated area always showed residual pigmentation
when the erythema had disappeared (approx. 120
hrs. following irradiation). Tissue from the test

Fig. 2. 72 hrs following ultraviolet irradiation.
Incubation: tyrosine. Golgi region of a melano¬
cyte. Large arrows point to linear reaction product
in Golgi associated endoplasmic reticulum
(GERL) (upper left), and in the peripheral sac¬
cule at the vesicular face of the Golgi apparatus
(lower right). They are separated by vesicles con¬
taining reaction product (small arrows). GS. Golgi
saccules. x 59.300.

Fig. 3. 72 hrs following ultraviolet irradiation.
Incubation: tyrosine. Golgi region of a melano¬
cyte. Large arrow points to reaction product in
Golgi associated endoplasmic reticulum (GERL).
Note numerous vesicles containing reaction prod¬
uct (small arrows), some of which appear to be
budding from the linear reaction product. GS.
Golgi saccule. x 46.100.

area was taken with a 3mm punch biopsy after
irradiation and the following intervals after: 2 hr.
6 hr, 24 hr, 72 hr and 120 hr. Ultrastructural DOPA,
tyrosine and control reactions were carried out on
each biopsy specimen.

Ultrastructural DOPA reaction. The tissue was

fixed in cold 2.5% glutaraldehyde 0.1 M phosphate
buffer. pH 6.8 and sliced into thin sections of ap¬
proximately 100/a thick after 90 mins. Total fixation
time was 2-3 hrs. The sections were then
thoroughly rinsed in 0.1M phosphate buffer, pH
6.8. and transferred to the incubating medium con¬
taining 0.1% L-3. 4-DOPA freshly prepared in 0.1M
phosphate buffer, pH 6.8. The slices were kept in
this overnight at 3-4° C and then transferred to
fresh incubating medium at 37° C. After 7 hours
incubation the sections were rinsed and post-
fixed in cold buffered 1% osmium tetroxide for 1 hr.

Ultrastructural tyrosine reaction. The tissue was

again fixed in cold 2.5% glutaraldehyde-O.lM phos¬
phate buffer, pH 6.8, and sliced into thin sections
of approximately lOOy after 90 mins. Total fixation
time was 2-3 hrs. Following rinsing in 0.1M phos¬
phate buffer, pH 6.8, the sections were transferred
to the incubation medium containing 0.05% L-
tyrosine freshly prepared in 0.1M phosphate buffer,
pH 6.8. After incubation overnight at 3-4° C the
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Fig. 4. 72 hrs following ultraviolet irradiation.
Incubation: DOPA. Note that, in spite of linear
and vesicular reaction product (long arrows), there
are areas showing the typical matrix pattern of
premelanosomes containing no reaction product
(short arrows). X 50.000.

sections were transferred to fresh incubation
medium and incubated at 37° C for 24 hrs. The
sections were then rinsed and postfixed in cold
osmium tetroxide.

Control reaction. This was carried out exactly
as for the DOPA and tyrosine reactions except that
the incubation medium did not contain any
substrate in the 0.1M phosphate buffer, pH 6.S.

Following postfixation with osmium tetroxide
all sections were dehydrated in alcohol and em¬
bedded in epon according to standard procedures.
Thin sections, cut with an LKB Ultratome, were
stained with uranyl acetate followed by lead
citrate and viewed with a RCA EMU-3 electron
microscope.

results

Following ultraviolet irradiation the DOPA
and tyrosine reaction product is specifically
deposited within the melanocytes of the epi¬
dermis (Figs. 1-6). Keratinocytes and Langer-
hans cells do not contain reaction product. Ir¬
radiated melanocytes incubated in phosphate
buffer do not contain reaction product, while
non irradiated melanocytes, incubated in DOPA

or tyrosine, may contain vesicular but not
linear reaction product (see below).

The cellular and subcellular localization and
nature of the reaction product using both sub¬
stances as substrates are essentially identical.
With the methods used, reaction product is
more commonly seen when DOPA is the sub¬
strate, though subcellular morphology has not
been so well preserved as when tyrosine is used.
For this reason, the micrographs (except Figs.
4 and 6) are from sections incubated in tyro¬
sine.

Linear reaction product has been seen in:
1) Smooth endoplasmic reticulum not clearly
associated with the Golgi apparatus; 2) Smooth
endoplasmic reticulum closely associated with
the Golgi apparatus (GERL), this being the
most common site (Figs. 1, 2, 3, 5); and 3)
Golgi saccules (Figs. 2, 6). The linear reac¬
tion product often appears to have broken
down into small vesicles containing reaction
product (Figs. 2, 3, 5, 6), and frequently sim¬
ilar vesicles bud from the ends of sides of

Fig. 5. 72 hrs following ultraviolet irradiation.
Incubation: tyrosine. Golgi region of a melanocyte.
The linear reaction product appears as numerous
small vesicles. The small arrows point to vesicles,
of varying sizes, containing reaction product. GS.
Golgi saccule. X 42.200.
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Fig. 6. 72 hrs following ultraviolet irradiation. Incubation: DOPA. Golgi region of a
melanocyte. Reaction product is seen in the peripheral saccules at the vesicular face of the
Golgi complex, with stacking on the right. Note small vesicles containing reaction product
budding from some places (small arrows). N. Nucleus. C. Centriole. GS. Golgi saccule.
X 46.000.

saccules containing reaction product (Figs.
1-6).

Vesicular reaction product has been seen in:
1) Golgi vesicles and vesicles closely associated
with Golgi apparatus (GERL) (Figs. 1-6). It
is often impossible to differentiate between
these. 2) Intracytoplasmic vesicles of all sizes
ranging from 50 m/i in diameter to 500 m/r in
diameter (Figs. 1-6).

At times, melanocytes demonstrating reac¬
tion product contain premelanosomes in which
there is no deposition of the reaction product
(Fig. 4).

Rarely, a diffuse darkening of the cytoplasm
of DOPA incubated melanocytes was noted.
This seemed to be attributable to section thick¬

ness, but also tended to occur at times when
numerous vesicles containing reaction prod¬
uct were present (e.g., 120 hrs after irradia¬
tion) .

The subcellular localization of the reaction

product (summarized in Table I) is dependent
on the interval following irradiation. Linear re¬
action product was not seen until 24 hrs fol¬

lowing irradiation. At this time a higher pro¬
portion of the reaction product was present in
a linear form in the smooth endoplasmic retic¬
ulum associated with the Golgi apparatus, while
at 120 hrs post irradiation more is seen in
discrete vesicles of all sizes.

Reaction product was not noted in mast cells
or melanophages. Grids with numerous melano¬
cytes containing reaction product often had
mast cells with characteristic "finger printing"
of their granules (indicating no reaction prod¬
uct within) and no reaction product in other
areas.

discussion

Reaction product, of similar nature and lo¬
calization, has been observed in ultraviolet
irradiated melanocytes when DOPA and tyro¬
sine are used as substrates. Lerner et al. (20)
emphasized that at a pH above 7.0 DOPA
is oxidized in the presence of oxygen without
the need for a catalyst, and therefore sug¬
gested that an incubation medium with a pH
of 6.8 would minimize such auto-oxidation. It
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Fig. 7. Composite diagram of the Golgi region in a melanocyte. To the left of the
interrupted line the Golgi apparatus has been labelled according to the terminology used
in this text: G. VES. Golgi vesicles. G. SAC. Golgi saccules. G. VAC. Golgi vacuoles.
* Vesicular face of the apparatus. + Vacuolar face of the apparatus. GERL Golgi associated
system of smooth endoplasmic reticulum. RER. Rough endoplasmic reticulum. The subcel¬
lular localization of reaction product is illustrated at the right of the interrupted line. The
arrows indicate suggested pathways in the development of the melanosome (ME). A. From
smooth endoplasmic reticulum. B. From smooth endoplasmic reticulum associated with the
Golgi Complex (GERL). C. From all parts of the Golgi apparatus. Of these, B pathway
appears to be the most common. Note the structures resembling the matrix of premelano-
somes (P) which contain no reaction product, even though it is present in surrounding
vesicles.
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TABLE I

Cellular and subcellular localization of reaction product

Location

Incubated in DOPA or tyrosine

Non-
irrad. 2 hr. 6 hr. 24 hr. 72 hr. 120 hr.

Epidermis
Mel anocyte
Cytoplasm (darkening) — — — — — +
Mitochondrion — — — - — -

Smooth endoplasmic re¬ - - - + + —

ticulum

Golgi region
a) Associated smooth — — ++ + ++ +

endoplasmic reticu¬
lum (GERL)

b) Peripheral saccule - — — + + ++ + +
and vesicles at the
vesicular face

c) Saccules - - - + + —

d) Peripheral saccule - - - - + +
and vacuoles at the
vacuolar face

Intracytoplasmic vesicles + + + + ++ + + + +
(100-500 mM)

Langerhans cell - - - - - -

Keratinocyte - - — — - —

Dermis
Mast cell — - — — — —

Melanophage None
seen

None
seen

Incubated in buffer

Non-
irrad. 24 hr. 72 hr.

— No reaction product noted, + Reaction product rarely noted, ++ Reaction product commonly
noted, + + + Reaction product often noted.

is, however, generally considered (21) that the
reaction product derived from the tyrosine
in an in vitro procedure, such as we have used,
is more specific for the demonstration of tyro¬
sinase. As there was no significant difference
either in localization or nature of the reaction
product derived from both substrates, it seems
probable that they both represent sites of
tyrosinase activity.

Thus it has been shown that tyrosinase ac¬

tivity can be satisfactorily demonstrated in
discrete subcellular localizations within nor¬

mal human melanocytes following ultraviolet
irradiation. The ultrastructural histochemical
technics used have allowed a reasonable com¬

promise between the demonstration of enzyme
activity and adequate tissue morphology. As
a result a diagram illustrating the subcellular
localization of reaction product has been com¬

posed (Fig. 7). From this it can be seen that

the Golgi region attains a central significance in
the localization of reaction product.

Biochemical analysis, autoradiography and
ultrastructural morphology have indicated that
secretory proteins are concentrated and pack¬
aged at various sites within the Golgi region,
depending on the cell type examined. Thus,
this occurs in condensing vacuoles in guinea pig
pancreas (22, 23), in vesicles derived from op¬
posite faces of the Golgi apparatus in rabbit
polymorphonuclear leukocytes (24), in vacuoles
derived from Golgi saccules in rat anterior
pituitary cells (25) and in a Golgi associated
system of smooth endoplasmic reticulum in
cells of rat adrenal medulla and mouse mela¬
noma (26, 19). Our observations support the
concept that tyrosinase may be packed in all
of these regions in the human melanocyte to a
lesser or greater degree.

At 24 and 72 hrs following ultraviolet ir-
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radiation the reaction product is seen most of¬
ten in the smooth endoplasmic reticulum re¬
lated to the Golgi apparatus. Novikoff (17,
18, 19), on the basis of a high acid phosphatase
content and its relationship with coated vesi¬
cles and lysosomes, considers this Golgi asso¬
ciated system of smooth endoplasmic retic¬
ulum to have a special functional significance.
He has named it GERL to indicate that it is

part of the endoplasmic reticulum (ER),
closely related to the Golgi apparatus (G) and
producing lysosomes (L). Serial sectioning has
revealed GERL to be continuous with the
rough endoplasmic reticulum (17) but has
not yet established such a relationship with
the Golgi apparatus, though this seems likely.
Whatever the region may be called we can
confirm its prime importance in the process of
melanogenesis. Our observations suggest that
most vesicles containing tyrosinase make
their earliest appearance from this area, and
vesicles of gradually increasing size are seen
between here and the cell periphery. The pro¬
duction of such vesicles would not appear,
in this instance, to involve the Golgi appara¬
tus at all. It is difficult to define the mecha¬
nism whereby developing premelanosomes in¬
crease in size as vesicles containing reaction
product have not been noted to fuse together.

Tyrosinase activity has also been detected
within Golgi saccules, more often at the vesic¬
ular face (Figs. 2 and 6) than at the vacuolar
face. Vesicles containing tyrosinase appear to
bud from these regions as well (Fig. 6), indi¬
cating other pathways of premelanosomal pro¬
duction.

Knowledge about the function of the ubiq¬
uitous Golgi vesicles is now being broadened.
Jamieson and Palade (27), in their studies on

pancreatic cell secretion, showed that some
are involved in protein transport from the
rough endoplasmic reticulum to the Golgi sac¬
cules. Our work, like that of others (24, 19)
suggests that some contain protein secretory
products which have been packaged and are
leaving the area. The terminology of the Golgi
faces based on morphological appearance (vesic¬
ular and vacuolar) would therefore seem to be
more appropriate than that implying func¬
tional characteristics (forming and mature) as

originally suggested by Alollenhauer and Whaley
(28).

Linear reaction product could not be demon¬
strated in the melanocytes which were not ex¬

posed to ultraviolet irradiation. The tyrosinase
levels in these areas are apparently too low
for detection by our technics. Ultraviolet ir¬
radiation causes a burst of tyrosinase activity
of limited duration and the newly synthe¬
sized enzyme can be detected as indicated in
Table I.

We have demonstrated, as have others (6, 19)
clear evidence of tyrosinase activity in areas
of the melanocyte where, in vivo, pigment is
not normally seen. Some (29) believe that
the melanin polymer is simply not detectable
in its earliest forms, but the presence of an
in vivo tyrosinase inhibitor (30) which may
be lost in conditions of in vitro preparation
could also provide a possible explanation. It
is of interest, however, that in certain neo¬
plastic melanocytes pigment deposition has
been observed within the endoplasmic retic¬
ulum and GERL (19, 31).
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AN ELECTRON MICROSCOPIC STUDY
ON THE EEFECT OF ULTRAVIOLET
IRRADIATION ON HUMAN SKIN:
I. AUTOPHAGY AND MELANOSOME
DEGRADATION IN MELANOCYTES t

INTRODUCTION

Direct visualization with the electron microscope probably offers the most
.curate method for the localization and identification of dendritic cells. On ultra-
ructural examination, melanocytes, Langerhans cells, and indeterminate dendritic
lis have been described in human epidermis (1). The indeterminate cell is
laractcrizcd by its location in the lower epidermis, its dendritic appearance, its
ck of desmosomes, and the absence of premelanosomes, mclanosomes, Langerhans
anulcs, or any other identifying granules within its cytoplasm (Fig. 1). Melano-
une complexes have been found within keratinocytes, melanocytes, Langerhans
:11s, and melanophages. Acid phosphatase has been demonstrated within these
> m piexes and may play a role in the fate of these granules (2, 3). Recently it has
:en shown that complexes of melanin granules may be broken down within mel-
locytes and that this form of autophagy may be a major factor in the degradation
; inclanosomes not discharged from the melanocyte (4, 5). To study these cells in
quantitative manner, the number of each cell type as well as its volume ratio was
ilculated in normal and ultraviolet (UV) irradiated epidermis.

MATERIALS AND AAETHODS

The untanned forearm of Caucasian males was selected as a test site. The
animal erythema dose (MED) for the forearm was established using a hot quartz
nip source (Burdick Co., Milton, Wisconsin, Type OA 450, peak transmission at
Department of Dermatology, University of Minnesota Medical School, Min-

> u-olis, Minnesota.
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Fig. 1. In addition to melanocytes (M) and Langerlians cells (L) an indeterminate (I) dendritic
cell is present in human epidermis. K, keratinocyte. X 9,240.

the 309 nm and 313 nm bands). The forearm was irradiated daily with 6 MED fot
2 weeks. Tissue from the site was examined prior to irradiation and at 3 hours. T
hours, and 2 weeks after irradiation. All tissue was fixed, with osmium tetroxidc.
dehydrated in alcohol, and embedded in Epon according to standard procedure*
Thin sections cut with an LKB ultrotoms were stained with uranyl acetate, followv>
by lead citrate, and viewed with an electron microscope.

Acid phosphatase was demonstrated by fixing the tissue pieces for 10 to co¬
mmutes at 4°C in 2 percent glutaraldehvde in 0.1 M cacodylate IIC1 buffer at pE
7.4. Sections were incubated for 45 minutes at 37°C in a modified Gomori medium



An Electron Microscopic Study on Effect of Ultraviolet Irradiation on Human Skin 447

Following the incubation the tissue was postfixed in OsCh and processed for elec¬
tron microscopy.

The blocks were embedded in a random manner and 10 specimen blocks were
selected from each site, also in a random manner, and sectioned accordingly. Five
micrographs were taken of each of the 10 blocks; all photographs were taken in a
random manner, giving a total of 50 prints for each site studied. The prints were
then inserted under a regularly spaced grid of parallel lines, each line being 20
cm in length, giving a total of 100 cm for each print and a total of 50,000 mm
for each site studied. Direct counting of the cells was also done in a random
manner and in a manner not to include the same cell more than once. The stratum

granulosum and stratum corneum were not included in the linear scanning.

RESULTS

Three hours after irradiation, melanosome complexes were numerous in
the keratinocytes at the epidernro-dermal junction and usually capped the nucleus.
Significantly, a number of active melanocytes were present in the upper dermis. The

• vr,v- ■. - "-v.*.vs-v&pf'n \g,. *v

Fic. 2. Numerous melanosome complexes were found within melanocytes following two daily ex¬
posures of 6 MED of W irradiation. X 12,650.
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Fig. 3. Mitochondria and portions of endoplasmic reticulum can be found within autophagic
vacuoles in epidermal melanocytes. X 25,740.

TABLE 1

Quantitation of Epidermal Cells (Forearm)3

volume ratio direct count of cells

normal uv-exposed normal uv-exposed

Keratinocyte 93.80 93.27 152 169

Melanocyte 2.50 4.40 5 14

Langerlians cell 1.25 0.14 3 0

Indeterminate cell 0.95 0.23 3 0

Intercellular space 1.50 1.96 — —

3 Following 2 weeks of daily exposure to 6 MED of UV light.
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endoplasmic reticulum and Golgi apparatus were well developed, and prenrelano-
sornes and melanosomes were numerous in these dermal melanocytes.

After two exposures to UV irradiation numerous melanosome complexes were
located within melanocytes (Fig. 2) as well as keratinocytes. The melanocyte
complexes consisted of groups of prenrelanosomes and melanosomes which were
surrounded bv a single unit membrane. Besides the latter, cellular organelles such as
mitochondria and portions of endoplasmic reticulum were also found within these
complexes (Fig. 3). Acid phosphatase could be demonstrated within the complexes.
The number and size of the melanocyte complexes varied from one cell to the next.
Often large empty vacuoles were also seen within the melanocytes, apparently the
final stage after breakdown of the melanosome complexes.

After 2 weeks of continuous UV irradiation there was a marked increase in
both the number and volume of melanocytes and, of most significance, an essential
absence of Langerhans cells (Table 1).

DISCUSSION

The feasibility of applying the method of linear scan for volume ratio
determinations to sections of tissue and the factors influencing the accuracy of
these determinations have been reviewed by Carpenter and Lazarow (6). It has
been demonstrated that the respective measure of distance traversed by a random
linear scan through various tissue elements may be directly translated into a
volume ratio, i.e., the distance traversed through component Y divided by the total
tissue traversed times 100 ecjuals the volume of component Y, expressed as a per¬
centage of total tissue volume.

The autophagic capability of the melanocyte is strongly suggested by the
grouping and segregation of premelanosomes, melanosomes, and cellular organelles
into unit membrane limited cytoplasmic complexes. The empty vacuoles seen in
the melanocytes which contained these complexes were all that remained following
degradation of their contents. The latter is similar to the breakdown of the melano¬
some complexes reported in the Chediak-IIigashi syndrome (4). The demonstration
of acid phosphatase within these structures adds support to this concept. It is likely
that melanosomes which do not leave the melanocyte may be broken down within

,the cell and that this process may serve as a pathway in the degradation of pre¬
melanosomes and melanosomes.

Direct counting, as well as linear scanning with the electron microscope, re¬
vealed a marked increase in active melanocytes and a sharp decrease in epidermal
Langerhans cells following 2 weeks of daily UY irradiation. The increase in melano¬
cytes may be accounted for by an increase in mitotic activity, although mitotic fig¬
ures were not encountered in this study. Dermal melanocytes were not seen moving
into the epidermis. Conversion of other dendritic cells to active melanocytes may
account for some of the increase. The change in the number of indeterminate cells
following UV irradiation was not great enough to account for the entire increase
in melanocytes but could account for the early increase in the number of these
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cells. Probably both of the aforementioned play a role in the increased number of
melanocytes noted following UV irradiation.

Fan and associates (7) noted a decrease in the number of Langerhans cells
following ultraviolet, X ray, and thorium X irradiation of guinea pigs and attempted
to relate these observations to the simultaneous increase in the number of dopa-
positive melanocytes. Breathnach et al. (8) also noted a decrease in the number of
gold-positive cells and an increase in melanocyte number after application of thorium
X to guinea pig skin. Our findings are in accord with the latter and with those of
Fan et al. (7) and suggest some type of relationship between the increase in dopa-
positive cells and the decrease in epidermal Langerhans cells.

The sharp drop in the number of epidermal Langerhans cells, which accom¬
panied the increase in melanocyte number, is difficult to reconcile. A direct damag¬
ing effect of UV light on the Langerhans cell has been suggested (8), but the cells
which were present did not show signs of damage. Quantitative investigations of
vitiligo in sun-exposed sites, and more importantly, of vitiliginous skin deliberately
exposed to UV irradiation, revealed an absence of melanocytes and if anything an
increased number of unaltered Langerhans cells rather than a decrease in their
number (1).

SUMMARY

It has been shown that the melanocyte has autophagic capabilities and
can play an active role in mclanosome degradation. An increase in melanocyte
number and an essential absence of Langerhans and indeterminate cells were noted
in skin from the human forearm following 2 weeks of daily UV irradiation.
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SUMMARY

Suction applied to the skin causes almost immediate paranuclear vacuolization in keratinocytes but
does not affect the dendritic cells. If suction is prolonged dermo-epidermal separation occurs at a level
between the basal cell membrane and basal lamina.

Stress due to suction of the skin is not commonly encountered in everyday life. Horizontal shear
forces are almost certainly those mainly involved in the production of friction damage, but never¬
theless both pressure and suction forces are exerted on the foot in ordinary locomotion. Negative
pressure may also be exerted on the skin of aviators (especially astronauts) and divers in certain
circumstances. Under experimental conditions, suction has been used recently to evaluate dermo-
epidermal adherence (Lowe & van der Leun, 1968) and to monitor the state of blistering diseases,
such as porphyria cutanea tarda (Copeman, 1970). Some light microscopic and ultrastructural features
of suction blisters have already been documented (Kiistala & Mustakallio, 1967; Copeman, 1970),
but this paper deals primarily with intra-epidermal changes, which are in sharp contrast to those
seen in frictional injury (Hunter, McVittie & Comaish, 1974).

MATERIAL AND METHODS

Twenty-five volunteers were studied, of whom six members of staff had no skin disease and the rest
were patients with miscellaneous skin disorders (eczema, psoriasis, dermatitis herpetiformis and
porphyria cutanea tarda). Blistering was produced on skin which was macroscopically normal, the
flexor aspect of the forearm or the back of the hand being used. The suction chamber chosen was a
modification of that described by Kiistala & Mustakallio (1967), and contained a perforated disc with
seven apertures each of 5 mm diameter. The negative pressure was usually —150 mmHg but occasion-

This paper was read in part at the meeting of the Investigative Group of the British Association of Derma¬
tology, 3 February 1973, London.
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ally —300 mmHg. Biopsies, with and without local anaesthesia, were taken before and 1, 5, 15 and
25 min after the onset of suction, as well as immediately after the appearance of a blister (70-100 min).

Light microscopy
Part of the biopsy was immediately fixed in formalin for routine histology. Serial sections were
stained with haematoxylin and eosin (H & E) or periodic acid-Schiff (PAS). Fresh cryostat sections
were prepared for the demonstration of acid phosphatase activity using naphthol AS-TR phosphate
and hexazonium pararosanilin according to the method of Barka & Anderson (1962).

Electron microscopy
Cubes of up to 1 mm3 were immediately fixed in fresh 3% glutaraldehyde in cacodylate buffer pH
7 4 or in a half strength paraformaldehyde-glutaraldehyde fixative pH 7-4 (Karnovsky, 1965). Fixation
was either at 4°C or at room temperature for 5-24 h. Some specimens were fixed in 3% glutaraldehyde
containing 1% lanthanum nitrate at 4' C for 3 days (Hashimoto, 1970). After thorough buffer washes
the specimens were postfixed in buffered 1% osmic acid. Before routine dehydration, most blocks
were precontrasted with 0-5% aqueous uranyl acetate (Farquhar & Palade, 1965). The blocks were
embedded in Araldite and ultrathin sections were cut with an LKB III Ultramicrotome and contrasted
with uranyl acetate and lead citrate. They were examined using an AEI EM6 electron microscope.

Altogether, twenty-five biopsies were processed and ten of these were examined electron micro¬
scopically. The results recorded are based on the study of numerous light microscopic serial sections
and over 200 electron micrographs.

RESULTS

The light and electron microscopic appearances were similar in all the subjects studied and are
best grouped as a whole.

Light microscopy
After less than 1 min of suction, appreciable changes were noted compared with control biopsies
obtained without suction. There was slight oedema of the superficial dermis, and paranuclear vacuoles
were seen in increasing numbers as the suction time increased; by 25 min nearly all the epidermal
cells were affected (Fig. 1), though there was no suggestion of dermo-epidermal separation. Some
of the cells extending down follicular walls contained these distinctive vacuoles. They were invariably
paranuclear, most often circular or ovoid in cross section, and frequently caused a crescentic deforma¬
tion of the nuclear outline. The spatial relationship with the nucleus was variable; some vacuoles
were superficial and others were deep to or beside the nucleus. Even after 25 min of suction there was
no evidence of spongiosis (extracellular oedema). Biopsies taken just after blister formation revealed
dermo-epidermal separation, and PAS-stained sections showed that the positive staining basal
lamina region remained on the topmost dermis (Fig. 2), forming the blister floor. The cleavage line
was frequently clear cut, but sometimes basal cells or dendritic cells (Fig. 2) remained on the floor
of the cavity. The roof of the blister was, therefore, formed by the total thickness of the epidermis.
It usually, though not invariably, contained numerous vacuolated cells and at this late stage spongiosis
could sometimes be seen (Fig. 4). Sections processed to show acid phosphatase activity showed no
obvious abnormality in the distribution of the red reaction product.

Electron microscopy

Keratinocytes. The vacuoles in these cells were quite characteristic and were seen in a few cells as
early as 3 min after the onset of suction. They were bounded by a membrane (Fig. 3), particularly
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figure i. 25 min. —150 mmHg. Nearly all the keratinocytes contain large paranuclear vacuoles,
and there is no sign of dermo-epidermal separation (H & E, x 270).

figure 2. 135 min. —150 mmHg. An early blister forming by dermo-epidermal separation. The
PAS positive staining basal lamina region remains on the floor (large arrows). A probable melano¬
cyte (small arrow) has also been left behind on the floor (PAS, x 720).
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figure 3. 25 min. —150 mmHg. Preblister. Paranuclear vacuoles are prominent in this area. They
deform the nuclei and contain varying amounts of granular material. There is a small rim of cyto¬
plasm between the outer nuclear membrane and the vacuole membrane (arrows) (x 12,250).
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during the earlier stages of their development, and in some instances this membrane could be resolved
into a trilaminar structure. They rapidly achieved a diameter of up to 6 pm, and when they reached
this size they were invariably seen next to the nucleus, which they deformed into a half-moon shape
(Fig. 3). They were not within the perinuclear space, which appeared to be normal (Figs. 3 and 6).
Quite often a thin but distinct rim of cytoplasm could be seen between the outer nuclear membrane
and the vacuolar membrane (Fig. 3). They were often filled with a fine granular material that tended
to accumulate towards the periphery of the larger vacuoles (Fig. 3). With increasing suction, the
vacuoles increased in size and their limiting membranes began to show breaks; their outlines became

figure 4. 90 min. —150 mmHg. Edge of blister roof. The outline of the perinuclear vacuoles is
irregular and there is considerable intercellular oedema (long arrows). The broad white arrow
points to a dendritic process of a Langerhans' cell ( x 6000).

much less regular (Figs. 4, 6 and 7), and melanosomes (Fig. 8), melanosome complexes (Fig. 7)
and membranous remnants (Fig. 6) could be seen within their cavity. At the blistering time, smaller
membrane-bound vacuoles (diameter 80-160 nm) could also be seen near the edges of the ruptured
paranuclear vacuoles (Figs. 6 and 7). At this late stage, the mitochondia showed degenerative changes.
The distribution of the tonofibrils appeared relatively normal, though sometimes they were com¬
pressed by the larger vacuoles.

Dendritic cells. Significantly, neither melanocytes nor Langerhans' cells were seen to contain similar
paranuclear vacuoles. Over twenty dendritic cells were seen to be surrounded by keratinocytes con¬
taining vacuoles, though they themselves were not affected (Fig. 5).

Intercellular space. This appeared normal at 25 min after the onset of suction, even though most
cells contained paranuclear vacuoles. At the blistering time, however, a variable amount of inter¬
cellular oedema was seen, particularly at the blister edge, and in some places the distended space
contained a fine granular material similar to that in the paranuclear vacuoles (Fig. 4).
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figure 5. 90 min. —150 mmHg. Blister roof. A Langerhans' cell (L) with characteristic granules
(small arrows) and dendrites does not contain a paranuclear vacuole. One (V) is seen in a neigh¬
bouring keratinocyte (K) (x 9600).

figure 6. no min. —150 mmHg. Blister roof. Keratinocyte. The limiting membrane of the
paranuclear vacuole contains a granular material and membranous remnants (short arrows). The
long arrows point to the intact outer nuclear membrane. N, nucleus; broad white arrow, tono-
filaments (x 27,900).
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figure 7. no min. - 150 mraHg. Blister roof. Keratinocyte. The limiting membrane of the para¬
nuclear vacuole has ruptured and a membrane bound melanosome complex (MC) lies in the remains
of the vacuole. Smaller vacuoles (V) are seen at the edge of the disintegrating vacuole. Broad white
arrow, tonofilaments ( x 37,100).

figure 8. 95 min. —150 mmHg. Blister roof. Lanthanum impregnation. The lanthanum (long
arrows) outlines the intercellular space around a keratinocyte containing a paranuclear vacuole,
but there is no evidence of tracer within the vacuole. Broad arrows, single melanosomes in
vacuole ( x 11,400).
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figure 9. 95 min. —150 mmHg. Blister roof. Lanthanum impregnation. The lanthanum (long
arrows) stains the intercellular space and a Langerhans' cell granule (broad arrow) attached to the
wall of the Langerhans' cell (L). Small arrow points to an unstained granule. K, keratinocyte
( x 24,900).

Basal region. The blister was formed by dermo-epidermal separation. Cleavage was most often
between the base of the basal cell and the basal lamina, so that the latter usually remained on the floor
of the blister. However, fragments of the basal lamina were rarely seen attached to the base of the
basal cells in the roof, and sometimes the cleft appeared less neatly through the base of some basal
cells. Keratinocytes and melanocytes were occasionally seen in the blister fluid or lying on the floor
of the blister.

Lanthanum impregnation. The intercellular space showed a normal appearance when impregnated
with lanthanum (Figs. 8 and 9), and the tracer was never seen in the paranuclear vacuoles of keratino¬
cytes (Fig. 8). The lanthanum did, however, stain granules attached to Langerhans' cell walls (Fig. 9).

DISCUSSION

Kiistala & Mustakallio (1967) concentrated on changes at the dermo-epidermal junction when
assessing the ultrastructural effects of suction. In this area our findings are in broad agreement with
theirs. It is interesting to note the similarity of cold-induced blisters, especially with regard to the
site of ultimate blister formation, though in these the epidermal cells are grossly well-preserved
(Pearson, 1965). Kiistala & Mustakallio also mentioned that a few keratinocytes contained vacuoles
which caused a peculiar crescentic displacement of an otherwise normal-looking nucleus and con¬
sidered that the vacuoles were situated between the inner and outer nuclear membranes. We would

agree with Copeman (1970), who commented that the vacuoles and nuclear displacement were a
most noticeable feature of suction and could be seen constantly.
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The nature and mechanism of formation of the paranuclear vacuoles present interesting problems.
Similar vacuoles have been noted in human keratinocytes in dermographic weals (Cauna, Macy &
Cralley, 1970), and have been produced experimentally by ultraviolet irradiation (Nix, 1967), by in¬
tradermal injection of hypertonic solutions of sodium chloride and of dextrose (Honigsmann & Wolff,
1973)3 by suction (Copeman, 1970), and by the topical application of vitamin A to the human skin
(Plewig, Wolff & Braun-Falco, 1971). Wolff & Honigsmann (1973) believed that the vacuoles seen
in this study are identical to those produced by the intracutaneous injection of hypertonic solutions
into guinea-pig skin. They have carried out extensive studies to determine their nature and mechan¬
ism of formation. Using tracers such as colloidal silver and horse-radish peroxidase in the injected
solution, they were able to show staining of both the intercellular space and the paranuclear vacuoles.
The vacuoles were stained also with osmium soaking (a technique which outlines the endoplasmic
reticulum) and did not contain ruthenium red or nucleoside triphosphatase activity, suggesting that
they were not formed by infolding of the cell membrane. They concluded that there was a canalicular
system of interconnected cisternal channels within keratinocytes, which formed a direct communica¬
tion between the extracellular and the perinuclear spaces, and that it could unfold under certain ex¬
perimental and pathological conditions (Honigsmann & Wolff, 1973). In this study, the development of
the vacuoles was too quick for it to be possible to consider endocytic mechanisms for the uptake of the
fluid. The rapidity of their formation suggests also that fluids are sucked from the intercellular space
into pre-existing cavities along communications of endoplasmic reticulum, as suggested by Honigs¬
mann & Wolff.

The precise role of lanthanum in staining the cell surface is uncertain. Doggenweiler & Frenk
(1965) considered that it stained lipids of the cell surface, while Behnke (1968) and Shea (1971)
felt that its staining was specific for the demonstration of acid mucosubstances. Its delineation of the
extracellular space seems to be due to non-specific precipitation (Revel & Karnovsky, 1967). It has
been used to outline the extracellular space in human epidermis (Wolff & Schreiner, 1968), and to
show continuity between the extracellular space and granules attached to the walls of Langerhans'
cells (Hashimoto, 1970). In this study, it was at first surprising to note that there was no sign of
lanthanum penetration into the paranuclear vacuoles within keratinocytes. The most likely
explanation of this would seem to be that a communication, like that envisaged by Honigsmann
& Wolff, is patent only during the period of suction. As this communication cannot be penetrated
by lanthanum in normal skin (Wolff & Schreiner, 1968), Honigsmann & Wolff have tentatively
suggested the presence of a valve or sluice-like mechanism which opens only under certain
circumstances, e.g. when in contact with hypertonic solutions or an increased flow of intercellular
fluid. If this were so, then the lanthanum, which was used only during fixation of the biopsy
specimen, would not be expected to gain access to the postulated canalicular system of communi¬
cation.

Although ultrathin serial sections were not made, the fact that paranuclear vacuoles were not seen
in melanocytes or Langerhans' cells seemed significant. Examination of numerous sections revealed
no affected dendritic cells, even though neighbouring keratinocytes contained large paranuclear
vacuoles. It should also be pointed out that neither Cauna et al. (1970) nor Honigsmann & Wolff
(1973) mentioned such vacuoles in epidermal dendritic cells, in spite of their obvious presence in
keratinocytes. There are two likely explanations. First, it is possible that communications between
the extracellular space and the system of endoplasmic reticulum, demonstrated in keratinocytes
(Honigsmann & Wolff, 1973), do not exist in dendritic cells. Secondly, it is conceivable that keratino¬
cytes, because of their intercellular connections (desmosomes, intertwining villous processes and
intercellular cement substance), are more prone to the effects of suction than dendritic cells, which
merely move as a whole in the direction of the suction force.
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SUMMARY

Frictional injury to the skin causes inter- and intra-cellular oedema of the epidermis, and if severe
produces membranous rupture and formation of an intra-epidermal blister. The appearances are
consistent with direct physical damage to the cells.

Both for gripping and for moving, man cannot function without friction between him and his
environment. However, if this stress is prolonged or unusually severe, pathological changes occur,
culminating in blisters and erosions. Human epidermis subjected to frictional stress has been studied
light microscopically (Naylor, 1955; Fukuyama & Cortese, 1968), and autoradiographically (Epstein,
Fukuyama & Cortese, 1969), but to date no electron microscopic studies have been published. This
paper correlates the light microscopic changes with electron microscopic appearances and contrasts
both with those produced by suction (Hunter, McVittie & Comaish, 1974).

MATERIAL AND METHODS

Six volunteers with ages ranging from 20 to 78 years were studied. Four had miscellaneous skin
diseases (psoriasis, three, and tinea pedis, one). Macroscopically normal skin on the dorsal surface
of the forearm was chosen for the experiments. The apparatus used was similar to that described
by Naylor (1955), and consisted of a machine which rubbed skin with a reciprocating action at
measurable speeds and forces until a blister or its immediate consequence, an erosion, was produced.
The head was hemispherical and made of stainless steel. A description of the machine and its opera¬
tion has already been published (Comaish, 1973). The friction force varied from 1-9 to 3-9 Newtonsf
and blistering occurred at times ranging from 5 to 14 min. Two of the subjects agreed to having

This paper was read in part at the meeting of the Investigative Group of the British Association of Derma¬
tology, 3 February 1973, London.
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t 1 Newton (N) causes an acceleration of unity (1 metre per second per second) to a 1 kilogram mass.
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biopsies taken from four different sites, allowing sequential changes to be studied up to the time of an
erosion (e.g. biopsies at i, 5, 10 and 13 min after the onset of friction).

The light and electron microscopic techniques were as reported in our study on suction blisters
(Hunter et al., 1974).

Altogether fourteen biopsies were taken. Ten were prepared for light microscopy and were serial
sectioned, and the remaining four (two taken just after blister formation and two approximately
midway between the onset of friction and expected blister time) were processed for electron mi¬
croscopy.

RESULTS

There was no significant difference noted between different subjects, and the results are therefore
grouped as a whole. They are most conveniently summarized by describing changes seen at the time
of blistering (e.g. 14 min) and those seen much earlier (e.g. 5 min), where the biopsy was taken from
intact but slightly erythematous skin. The changes in the latter (hereafter described as 'early' changes)
were more subtle and could often be traced only by searching through numerous serial sections
with light microscopy, and by carefully checking thick sections embedded in Araldite before cutting
ultrathin sections for electron microscopy.

Light microscopy

Early changes. The earliest changes were noted in the upper Malpighian layer (Fig. 1), whilst the
overlying horny and granular cell layers were relatively unaffected. The changes were quite frequently
noted adjacent to hair follicles and sweat duct orifices, and consisted of a localized area of pale and
washed out eosinophilic change in the haematoxylin and eosin sections (arrow in Fig. 1). The cells
showed marked intracellular oedema, their margins were indistinct, and there was some spongiosis.
Small vesicles could be seen when the changes were more developed (Fig. 1). The superficial dermis
showed only mild oedema.

Late changes. Blistering occurred intra-epidermally at the level of the upper Malpighian layer
(Fig. 2). Many of the neighbouring epidermal cells in the floor and to the side of the blister showed
similar changes to those seen in the early stages and described above. These sometimes extended
to the level of the basal cells (broad arrow, Fig. 2), but the dermo-epidermal junction remained intact.
However, below the blister the basal lamina region stained less intensely with PAS (Fig. 2). The
superficial dermis still showed only mild oedema.

Electron microscopy

Early changes (Figs. 3, 4, 7 and 8). Figs. 3, 4 and 7 are representative of the early changes seen in
areas such as that arrowed in Fig. 1. There was obvious intracellular oedema (broad arrows, Fig. 3),
which was most noticeable at the cell periphery, and when severe produced a granular appearance
in an area devoid of organelles (Fig. 4). As a result of this, the tonofilaments sometimes appeared
clumped, resembling necklaces around the nuclei (Fig. 3). In places, small vacuoles (approximately
o-8 pm in diameter) appeared in the oedematous periphery of keratinocytes, and the membranes of
these cells were often ruptured (V13 Fig. 3), allowing their granular contents to spill into small dila¬
tations of the extracellular space (V2 and V3, Fig. 3). The few dendritic cells seen appeared to be
relatively unaffected.

Late changes (Figs. 5 and 6). Similar though more pronounced changes were seen around estab¬
lished blisters. Figs. 5 and 6 are representative of changes seen in an area adjacent to the broad arrow
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figure i. Early changes (5 min rubbing, 2-6 N) are indicated by the broad arrow and are seen just
deep to the granular cell layer. F, follicle (H & E x 420).

< ?
t

figure 2. Late changes (14 min rubbing, 2-0 N) show an established intra-epidermal blister in the
upper Malpighian layer. Broad arrow points to cells in base which show marked intracellular
oedema. The basal lamina (small arrows) shows some lack of definition below the blister but is
otherwise intact (PAS, x 270).
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figure 3. Early changes (5 min rubbing) seen in an area similar to that arrowed in Fig. 1. The
keratinocytes show marked intracellular oedema (broad arrows) and the cell peripheries are relatively
devoid of organelles. Small arrows point to places where the membranes are ruptured. Vi, mem¬
brane bound vacuoles in the periphery of the cell; V2, vacuoles in extra-cellular space containing
granular material adjacent to ruptured membranes; V3, extra-cellular space dilatations; D, den¬
dritic cell (x 7000).
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figure 4. Early changes (5 min rubbing). Degenerative remnants of cells (*) contain a granular
material and are free of organelles. K, keratinocyte; M, melanocyte; D, desmosome; V3, extra¬
cellular space dilatation ( x 11,700).

figure 5. Late changes (6 5 min rubbing) at the edge of an erosion seen in an area similar to that
indicated in Fig. 2. There are numerous dilatations of the extracellular space and some contain a

granular material (small arrows) similar to that seen in degenerative cells (*) and oedematous
keratinocytes (K). The process of a Langerhans' cell (L) appears unaffected. Large arrows point to
intact desmosomes ( x 20,700).
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figure 6. Late changes (6-5 min rubbing) seen in basal cells (B) in the floor of an erosion. The
basal cells show marked oedema. The basal lamina (arrows), although indistinct in places, is
essentially intact. D, dermis ( x 17,700).

figure 7. Early changes (5 min rubbing). Lanthanum preparation. Lanthanum (arrows) outlines
the extracellular space (arrows) and the localized dilatations (V) (x 7200).
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figure 8. Early changes (5 min rubbing) are also seen in the extracellular space near the dermo-
epidermal junction. Lanthanum preparation. Lanthanum (arrows) outlines the space and its
localized dilatations (V). M, melanocyte; K, keratinocyte; small arrows point to basal lamina
( x 7800).

in Fig. 2. The intracellular oedema, again most marked at the periphery of keratinocytes, was in¬
creased and the extracellular space showed numerous localized dilatations which frequently contained
a granular material (short arrows. Fig. 5). The cellular organelles were damaged and distorted, and
on a very few occasions vacuoles (approximate diameter 0-3 pm) were seen beside keratinocyte nuclei.
They were much smaller than those seen in the previous suction experiments and never appeared
to cause nuclear deformation. Some desmosomal attachments were still evident (long arrows, Fig. 5),
though membranous rupture and intracellular oedema often made identification of the cell borders
difficult. The large intra-epidermal blisters contained in places a granular material devoid oforganelles.

Lanthanum staining. Sections from lanthanum treated blocks showed the tracer outlining both the
extracellular space and its localized dilatations (Figs. 7 and 8).

DISCUSSION

The light microscopical appearances of established friction blisters reported in this paper, are similar
to those reported by other workers (Naylor, 1955; Sulzberger et al., 1966; Fukuyama & Cortese,
1968; Cortese et al., 1969) in that they appear in the upper Malpighian layer. Earlier events, how¬
ever, seem not to have been recorded previously. This work shows that changes during the pre-
blistering phase can be seen provided they are searched for in numerous sections. The electron mi¬
croscopic appearances suggest that they consist of keratinocyte intracellular oedema, membranous
damage and irregular dilatation of the extracellular space. Cell contents then pour out into the
extracellular space and the remains of the cells become necrotic. A small intra-epidermal blister
(Fig. 1) is formed and this presumably enlarges (Fig. 2) when continuing friction affects neighbouring
cells. With further friction the roof of the blister is rubbed off, leaving an erosion.
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There is a sharp contrast between the sites of epidermal injury caused by suction and friction.
Large paranuclear vacuoles within keratinocytes are an early feature of suction injury, whilst the
earliest changes with friction are seen mainly in relation to keratinocyte membranes. The dermo-
epidermal junction apparently resists frictional better than suction injury, and as a result blistering
occurs at different levels, i.e. intra-epidermal friction blister and subepidermal suction blister.

In dermographism, a frictional force applied to the skin produces a sequence of events probably
mediated by histamine release from dermal mast cells. As a result of increased permeability of the
superficial dermal vessels, the upper dermis and the epidermis are flooded with increased intercellular
fluid. Cauna, Macy & Cralley (1970) have studied skin ultrastructure in dermographic weals. It is
tempting to suggest that the changes they noted, which were similar to those reported in this paper,
were due to frictional forces, and that the paranuclear vacuoles also reported were due to the increased
flow of intercellular fluids (as in suction).

The ultrastructural sites of damage caused by suction and by friction are in turn different from those
in other experimental models used for the production of blistering. Low concentrations
of collagenase cause a clean epidermal-dermal separation in guinea-pig skin by directly damaging the
basal lamina (Kahl & Pearson, 1967b), whilst higher concentrations (2-0%) for a longer period
produce, in addition, damage to upper dermal collagen. With a short exposure to papain there is
dermo-epidermal separation at a level either between the basal lamina and basal cell or deep to the
basal lamina, but with a longer exposure there is epidermal acantholysis due to symmetrical cleavage
of the desmosomes (Miller & Stoughton, i960; Kahl & Pearson, 1967a). Cantharidin likewise pro¬
duces an acantholytic blister within the epidermis, but this is apparently an enzyme-dependent
reaction (Stoughton & Bagatell, 1959). Mild to moderate thermal burns, however, produce appear¬
ances similar to those we have observed following friction trauma. In both there are intracellular
oedema, early loss of organelles, clumping of tonofilaments, and leakage of cytoplasm through
ruptured plasma membranes into the intercellular space (Pearson, 1965). Nevertheless, caution
should be exercised before inferring that friction damages cells by a local rise in temperature. Naylor
(1:955), by varying the speed of rubbing and by using heads of different thermal conductivity, con¬
cluded that the damage was not temperature-dependent, but more likely due to mechanical distortion
of the cells. The observations reported here are quite consistent with such a view.

ACKNOWLEDGMENTS

This study was supported in part by a Grant from the Scottish Hospital Endowment Research
Trust (HERT 332). It is a pleasure to acknowledge the skilful technical assistance of D.J.Fairley
and to thank Professor G.J.Romanes and his staff for the use of the electron microscope in the
Department of Anatomy, University of Edinburgh.

REFERENCES

Cauna, N., Macy, I.L. & Cralley, A. (1970) The fine morphology of the human skin in dermographism
Journal of Allergy, 45, 266.

Comaish, J.S. (1973) Glutaraldehyde lowers skin friction and enhances skin resistance to acute friction injury.
Acta dermato-venereologica, 53, in press.

Cortese, T.A. Jr, Griffin, T.B., Layton, L.L. & Hutsell, T.C. (1969) Experimental friction blisters in macaque

monkeys. Journal of Investigative Dermatology, 53, 172.
Epstein, W.L., Fukuyama, K. & Cortese, T.A. (1969) Auto-radiographic study of friction blisters. RNA,

DNA and protein synthesis. Archives of Dermatology, 99, 94.
Fukuyama, K. & Cortese, T.A. (1968) In: Proceedings of the 13th International Congress of Dermatology (Ed. by

W.Jadassohn and C.G.Schirren), p. 1288. Springer, Berlin.



Epidermal injury due to friction 499

Hunter, J.A.A., McVittie, E. & Comaish, J.S. (1974) Light and electron microscopic studies of physical injury
to the skin. I. Suction. British Journal of Dermatology, 90, 481.

Kahl, F.R. & Pearson, R.W. (1967a) Ultrastructural studies of experimental vesiculation. I. Papain. Journal of
Investigative Dermatology, 49, 43.

Kahl, F.R. & Pearson, R.W. (1967b) Ultrastructural studies of experimental vesiculation. II. Collagenase.
Journal of Investigative Dermatology, 49, 616.

Miller, R.F. & Stoughton, R.B. (i960) Enzymatic vesication in vivo. I. Effects of papain in human skin.
Journal of Investigative Dermatology, 35, 141.

Naylor, P.F.D. (1955) Experimental friction blisters. British Journal of Dermatology, 67, 327.
Pearson, R.W. (1965) Response of human epidermis to graded thermal stress: a morphologic comparison of

burns, cold-induced blisters, and pemphigus vulgaris. Archives of Environmental Health, 11, 498.
Stoughton, R.B. & Bagatell, F. (1959) The nature of Cantharidin acantholysis. Journal of Investigative Derma¬

tology, 33, 287.
Sulxberger, M.B., Cortese, T.A., Fishman, L. & Wiley, H.S. (1966) Studies on blisters produced by friction.

I. Results of linear rubbing and twisting techniques. Journal of Investigative Dermatology, 47, 456.

C



British Journal of Dermatology (1976) 94, 119.

Clinical and Laboratory Investigations

Langerhans cells in the epidermis of athymic mice

J.A.A.HUNTER, D.J.FAIRLEY, G.C.PRIESTLEY AND H.A.CUBIE

Department of Dermatology, University of Edinburgh, The Royal Infirmary, Edinburgh, Scotland

Accepted for publication 5 September 1975

SUMMARY

Langerhans cells were identified with the electron microscope in the epidermis of six athymic nu/nu
mice. Their origin in the thymus is ruled out and their functional dependence on either the thymus
or T lymphocytes seems improbable.

The origin and function of the epidermal Langerhans cell are still unknown. Apparently identical
cells occur in extra-epidermal situations including lymph nodes (Jimbow, Sato & Kukita, 1969;
Kondo, 1969) and the thymus (Haelst, 1969), and since Wolff's recent comprehensive review of the
cell (Wolff, 1972) attention has been drawn to the possibility of an immunological role for the cells
in contact allergy (Silberberg, Baer & Rosenthal, 1974). It therefore seemed worth while to find out
whether Langerhans cells were present in the epidermis of athymic mice, in which T lymphocytes
are virtually absent and delayed hypersensitivity reactions, including contact allergy, are abolished
(Pantelouris, 1973).

MATERIALS AND METHODS

The mice were three black and three albino male nude homozygotes (nu/nu), 6-7 weeks old, raised
under specific pathogen-free conditions at the Moredun Institute for Animal Diseases, Edinburgh.
Mice from this stock have the typical nude phenotype (Flanagan, 1966) and accept grafts of human
skin (Cubie, 1972). Post mortem examination of each mouse confirmed the absence of a thymus.

The mice were killed by cervical dislocation and pieces of mid-dorsal skin were immediately im¬
mersed in half-strength Karnovsky's fixative (Karnovsky, 1965), cut into small blocks and fixed for
5 h at room temperature. After post-fixation in 1% aqueous osmium tetroxide, specimens were
stained en bloc with 2°/ aqueous uranyl acetate, and embedded in araldite. Thick sections stained with
toluidine blue were examined and thin sections of selected areas of epidermis containing dendritic
cells were cut with an LKB III ultra microtome. Sections on grids were stained with uranyl acetate
and lead citrate and examined using an A.E.I. Corinth at 50 kv.

%■
RESULTS

Epidermal Langerhans cells were found without difficulty in each of the six mice (Fig. 1). In one mouse
a Langerhans cell was seen in the dermis. The granules in the Langerhans cells appeared normal;
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figure i. Langerhans cell (L) and its dendritic process (1) between keratinocytes of the basal cell
layer. Arrow points to basal lamina (x 13,500). Inset (area outlined in triangle) shows a granule
and two lysosomes (x 35,000).

both rod and racket shaped profiles were noted (Fig. 2) and one was seen in contact with the cell wall.
Other intracellular organelles including mitochondria, ribosomes, Golgi and endoplasmic reticulum
were normal, though lysosomes were particularly numerous in some cells. Centrioles were also seen.
The appearance of the Langerhans cells therefore indicated an active cell population. The ultrastruc-
ture of the rest of the epidermis, although not studied in detail, seemed unremarkable.

COMMENT

The origin and function of the epidermal Langerhans cell are still unknown (Wolff, 1972). Wolff
favoured a mesodermal origin. Silberberg et al. (1974) suggested an immunological function in contact
allergy reactions, where a close relationship with mononuclear cells (in this case, T lymphocytes) is
envisaged and the Langerhans cell might process antigen like the macrophage.

Cells containing Langerhans granules have been noted in the thymus (Haelst, 1969), an organ which
produces and influences the function of T lymphocytes. If there is a close relationship between
Langerhans cells and T lymphocytes, as suggested by Silberberg, Langerhans cells could also originate
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figure 2. (a) Racket shaped granule (arrow) (x 92,000). (b) Rod shaped granule (arrow) below
which are seen two lysosomes. N, nucleus ( x 81,500).

in the thymus, or be dependent on it. Langerhans cells appear in human embryonic skin at 14 weeks
(Breathnach & Wyllie, 1965) while the thymus develops earlier at about 9 weeks (Hamilton, Boyd &
Mossman, 1972), so a thymic origin for Langerhans cells is possible.

In nude mice the thymus never reaches the lymphoid state and remains as a cystic rudiment. As a
consequence immunological competence is not achieved (Pantelouris, 1973). Circulating lymphocytes
are reduced 5-6 fold and at least 97% of those remaining are B cells (Sprent & Miller, 1972). In fact
many nude animals appear to have no T cells at all when examined by the sheep red blood cell rosette
test. Delayed hypersensitivity reactions, including contact dermatitis, are abolished. Grafts of foreign
tissue are accepted.

We believe that the finding of Langerhans cells in athymic mice shows that the epidermal Langer¬
hans cell: (1) does not originate in the thymus, and (2) on structural evidence alone, is not dependent
on the thymus or T lymphocytes.

This does not preclude a close functional relationship between T cells and Langerhans cells, as
suggested by Silberberg et al. (1974).

It will be important to determine whether the Langerhans cell population in athymic mice differs
in size from that in normal mice. Histochemical studies with that aim are in progress.
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