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SUMMARY



This thesis consists of an ultrastructural study of 129 neoplasms
of the human alimentary tract. Included are observations on 39
samples of control human tissues, including hitherto poorly described
features of the normal human oesophagus. All tissues examined were
from freshly fixed biopsy or resection specimens. The techniques used
were those of conventional transmission electron microscopy. Some
limited studies employed ultracytochemical methods to demonstrate
carbohydrate and acid phosphatase activity. In these studies, X-ray
microanalysis was also emplo;}ed fo confirm the identity of the reaction
product. \ B

The normal squamous epithelium and submucosal glands of the
human oesophagus were investigated in detail. The fine structure of
squamous epithelium was found to be similar to that of non keratinized
epithelium in other situations. Certain features not previously noted
included the occurrence of occasional cilia, intracytoplasmic desmosomes
and nuclear bodies. Langerhans cells, which have been described in the
epidermis and in other squamous locations, were aiso observed in
oesophageal squamous mucosa. The submucosal glands were comparable
to the labial salivary glands.

Ultrastrurtural investigation of well differentiated squamous cell
carcinoma of the human oesophagus revealed various similarities to,
and aberrations from, the normal patterns of oesophageal squamous
cell differentiation. Particular features of note included frequent
intracytoplasmic desmosomes and curious thick-walled vesicles.
Langerhans cells were observed in these tumours, as in the normal
mucosa.

The normal gastric mucosa was studied as a control material.
There wére no particular features of note, the finding corresponding to
the published literature. The cases of primary gastric carcinoma fall
into two main groups, those with mucous secretion granules identical
to the granules of gastric mucdcus cells and those without mucous

secretion granules. There were other fine structural details which



served to distinguish these two groups. In cases of secondary gastric
carcinoma, some bore a close structural resemblance to equivalent
primary gastric tumours and contained mucous secretion granules
identical to those of gastric mucous cells, while others contained no
mucous granules. Metastatic signet ring cell carcinoma was similar
in many respects to previous reports of primary signet ring cell
carcinoma. However, among the observed structural differences were
the occurrence of tubulovesicular structures similar to those of normal
gastric parietal cells and of frequent intracytoplasmic desmosomes.
Gastric carcinoma was partic*:llé.rly distinguished by the presence of a
variety of structuraily aberrant organelles.. The most poorly
differentiated tumours retained the adhesion speciaiisations typical of
epithelial cells, in contrast to the findings in gastfic lymphoma, in
which desmosomes were absent. _ |

The normal colonic morphology as studied in this work showed
no particular features at variance with previous reports. The villous
papillomas and colonic carcinomas examined displayed the fine structiral
features in common with the immature cells of the lower onc third of
- the colonic crypt. The aggregates of dark cells in villous papilloma
had features reminiscent of various cell types associated with fluid
and electrolyte transport in other sites. Two distinctive features of
primary well differentiaied colonic carcinoma were the occurrence of
an aberrant tubular form of granular endoplasmic reticulum and the
presence of doughnut-shaped carbohydrate-rich inclusions, possibly
representing a secrefory product.

Various distinctive intranuclear and intracytoplasmic inclusions
were observed in the course of this work, mainly in neoplastic cells
in different sites. These had not previously been described in either
normal or neoplastic cells of the human alimentary tract. The possible
diagnostic relevance of such features is discussed.

Using a periodic acid thiocarbohydrazide silver proteinate

technique a carbohydrate component was demonstrated iu vasicus sitee
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in the normal and neoplastic tissues studied. In most normal

and neoplastic cells of the human alimentary tract, acid phosphatase
was confined to the lysosomes. However, in both normal squamcus
epithelium and well differentiated squamous cell carcinoma, acid
phosphatase activity was also found in the intercellular spaces,
althougn the membrane-coating granules were negative. The reaction
products of both of these cytochemical procedures were examined by

x- ray microanalytical techniques.
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CHAPTER ONE

GFNERAL INTRODUCTICN
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' The electrcn microscope has now become an essential tool
in biological research. After the impressive improvements of
the 1950's in the techniques of fixation, embedding and sectioning,
there was a rapid expansion of basic ultrastructural knowledge.
The detailed fine structural features of cellular anatomy were
explored and correlated with the functional aspects of cell
biology. Much of the fundamental structural basis of cellular
organisation was found to be common to all normal cells.
Morcover, particular variations of cell structure were found to
correlate with specific funcéions. Various fine structural
features peculiar to certéin types of cells and tissues can form
the basis for their confident identificatici. The cunlribution

which the electron microscope has made to our knowledge of the

_structure and function of normal cells has provided us with the

essential basis for the detailed study of the ultrastructure
of disease.

The early descriptions of tumour ultrastructure dealt with
the general fine structure of neoplastic cells (Bernhard 1958;
Dalton and Felix, 1956; Mercer, 196l1). Various cquantitative
deviations of tumour cells from normal have been documented,
but there is no single ultrastructural feature which distinguishes
a neoplastic cell from a normal cell with any certainty. The same
problem is not unfamiliar in histology. where it is often the
pattern or organisation of the cells rather than théir cytology
that leads us to the diagnosis of malignancy.

Subsequent ultrastructural studies have shown both striking

sihilarities and obvious differences between the normal and
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neoplastic tissues of many organs. It is clear that the

neopléstic cell often mimics to a substantial extent the

patterns c¢f differentiation of its cell or tissue of origin;

the standard rules for tumour classification by 1light

microscopy can thus be seen to apply equally at the

ultrastructural level. For example,the typical malignant

melanoma shares certain distinctive fine structural features

with the normal melanoblast (Klug and Gunther, 1572) the

islet cell tumour, whether of beta cell or other origin, with its

parent cell (Goldenberg, Goldenberg and Benditt, 1969; Suzuki

and Matsuyama 1971) the ;arcinoid tumour Qitﬁ the argentafiin

cell (Bensch, Gordon aid Miller, 1965). In ultrastructure

as in histology, the difficulties of classificatién and diagnosis

tend to increase wi:h advancing anaplasia.- Nevertheless,

some ultrastructural clues to histogenesis mayvpersist in neoplastic

cells which have regressed beyond the threshold of accurate

nistological ciassification. In such cases, ultrastructural

examination has been shown to give a more accurate diagnosis

than is possible with light microscopy (Ashworth and Stembridge,

19643 Lynn, Martin and Kingsley, 1967; Rosi and Rodrigue=z, 1968).

It has been estimated that a more accurate diagnosis can be

reached in between 4% to 8% of biopsies with the assistance

of electron microscopy (Gyorkey, Min, Krisko and Gyorkey 1975).
It is clear from this that electron microscopy is not

simply an academic exercise, buthas a considerable, and to some

extent still unrealised potential for routine tumour diagnosis

particularly in relation to "problem" cases. However,the
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_ atypical or problem case can only be understood against the

widest possible background of knowledge of the typical case,
and of the normal ultrastructure of the tissue or organ
concerned. Although the gathering of such background
knowledge is an unspectacular activity it provides the
indispensable frame of reference for the pathologist who seeks
to exploit ulfrastructure»for the purposes of diagnosis. It was
with this in mind that the work ;f this thesis was undertaken.

There are many considerations which underline the suitability
of the human alimentary tract‘as a taréet for detailed
ultrastructural investigation. These include the multiplicity
of cell types each elaborately specialised in ultrastructural
terms; the frequency and clinical importance of gastro-intestinal
neoplasms; the common occurrence of histOpéﬁhological uncertainty
as to the site of origin of intra-abdominal metastatic tumours;
and the relatively limited scope of many of the previous
ultrastructural investigationé in this field.

This study set out first to define the range of normal
fine structure in thoce tissues which had not received detailed
attention by previous workers. Its second, and major aim, was
to investigate the fine st:ucture of some of the common
neoplasms cof the alimentary tract with a view to establishing
a valid baseline for the study of future atypical cases, Its
final aim was to explore the application of two basié cytochemical
methods to the study of normal and neoplastic cells, with a view
to confirming the icentity of certain ultrastructural features.

An»Opportunity was also taken to make a preliminary study of the
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x-ray ricroanalytical approach to cytochemistry. These aims
were all, to a greater or lesser extent, successfully
realised. The accumulated data are presented region by region,

with separate chapters concerning topics of special interest.
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CHAPTER TWO

MATERIALS AND METHODS
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MATERIALS AWD METHODS

l - Conventional Electron Microscopy

Tissues were obtained from biopsy and resection specimens as
shown in Table l. Four to eight bLlocks eaﬁh measuring 0.5 - 1 mm
in diameter were taken from the tissue, using a fresh razor blade
for dissection. The blocks were immediately fixed in pre-chilled
2% glutaraldehyde in phosphate buffer (pH 7.2) at 4°¢ for 4 - 6 hours,
washed in phosphate buffer, pos£ fixed in 1 - 2% osmium tetroxide
in distilled water at room temperature for 35 = 20 minutes énd waded
in distilled water for 10 minﬁtes. The embedding schedule used is
shown in Table 2. The tissue blocks were kept in small glass
bottles until the final stage, and the different fluids changeq
with a pasteur pipette.

Tissue from the same specimens wés.aiso prepared for light
microscopy by conventional methods and submitted to routine histcpathological
examination. Thick sections (2um) from 2 - 4 Epon biccks from
each case were cut on the LKB Ultratome III, stained with 1%
methylene blue in boric acid and examined by light microscopy to
confirm tissue identity and to allow selection of the area to ke
sectioned for electrcn microscopy. Ultrathin sections (30 - 50 nm)
were mounted on copper grids, stained with 2% uranyl acetate in-
distilled water and with lead ciérate, and examined in the Philips
EM 200 and Philips EM 301 electron microscopes.

The electron micrographs were made on Ilford plates, type EM - 5,
Kodak eiectron microscope cut film, and Kodak 35 mm roll film. The
negatives were printed on Ilford photographic papers of different
gfadeé and developed using the Ilford automatic processore. The

prints were subsequently fixed, washed and glazed.
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2 - Ultracytochemistry

The following techniques were used.

i -« Periodic acid thiocarbohydrazide silver proteinate technique.

Small pieces (0.5 - 1 mm) of the normal and neoplastic
tissues described above, were freshly fixed in 2% glutaraldehyde
in phosphate buffer (pH 7.2) for 4 — 6 hours, and processed
and embedded in Epon as for conventional electron microscopy,
omitting post fixation in osmium tetroxide.

Ultrathin sections were mo;nted on stainless steel grids
and processed by the periodic acid thiocarbohydrazide silver proteinate
(PATCH) method -described by ééarse (1972) which is based on that
of Thiery (1967). The method is shown in Table 3.

ii ; Acid phosphatase technique.

Small pieces of normal and neoplastic tissues were freshly
fixed in 5% glutaraldehyde in Cacodyléte buffer (pH 7.4) at
4°C for 4 hours. The tissue was then minced into even smaller
plieces using a fresh razor blade; 50um cryostat sections were
also used. The tissue was washed with acetate buffer containing
7.5% sucrose. For localisation of acic¢ phosphatase, a modified
Gomorli method was used (Etherton and Botham. 19703 Holt and Hicks,
1961) as detailed in Table 4.

The substrate mixture used hgs the following'composition:

10 ml of 1.25% scdium B-glycerophosphate (pH 5); 20 ml of 0.2%

lead nitrate; 10 ml of distilled water; 10 ml of tris maleate buffer.
Control experiments were carried out on substrate - free media or
media containing inhibitors such as NaF. Ultrathin sections were

cut as usual mounted on copper grids and examined unstained.
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iii -~ X -ray microanalytical technique.

Specimens processed for periodic acid thiocarbohydrazide‘
silver proteinate, and acid phosphatase, were subjected to
X - ray microanalysis for verification of the reaction products.
Analysis was performed on a Philips EM 301 transmission electron
microscope which had facilities for scanning microscopy and
which was equipped with an EDAX retractable energy-dispersive
x-ray spectrometer coupled to an EPAX 707A analyser with an

8K Data General Nova Computer feor spectral manipulation.
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TABLE I

Origin and Nature of the Specimens Examined.

Primary Secondary

Location Benign Tumour | Carcinoma | Carcinoma | Normal Tissue
Oesophagus - 20 - 15..

Stomach - 35 18 10

Small Intestine - - - 6

Large Intestine 10 33. 11 8

Ampulla of Vater | - 2 - -

TABLE 2

The Embedding Schedule

rocess

Details

f. Dehydration 10 per cent ethanol 3 changes of 10 minutes each
L. Clezring Pronvlene oxide 2 changes of 10 minutes each

3.' Infiltration Propylene oxide : Epon mixture l:1 for 30 minutes
'« Infiltration Propylene oxide : Eponrmixture 1:3 for 90 minutes
. Embedding Epon mixture in gelatin capsules and rubber mould

Polymerigation

3S°C, 45°C and 60°C ovens each 24 hours




Periodic acid thiocarbohydrazide silver proteinate technique

l. Fleoat or iﬁmersé the sections moﬁnted on the grids in 1% periocdic
acid in distilled water at room temperature for 60 minutes.

2. Rinse the grids in distilled water.

3. Immerse in 1% thiocarboﬂydrazide in 5% acetic acid for
1 - 2 hours at 60°c.

4. %ash in 5% acetic acid at 45°C for 5 - 10 minutes.

S5 Rinse in distilled water,

6. Float or immerse the grids in 1% silver.proteinate solution
in distilled water in dark at room temperature for 30 - 45
minutes;

7. Rinse in distilled water and dry by filter paper.

8. Examine sections unstained by uranyl acetate or lead citrate.

9. Process control sections without periodic acid or without

thiocarbohydraride treatment.

TABLE 4

Acid Phospha tase Techaijue

1. Incubate tissue with substrate mixture at 37°C for 60 to 90
minutes.

2. Wash with Caccdylate buffer (pH 7.4) for 5 minutes.

3. Post—fix in 2% osmium tetroxide in Caccdylate buffer at
\4°C for 2 hours.

4. Wash in distilled water for 5 minutes.

S. Process and embed as for conventional electron microscory,

6. Examine sections unstained by Uranyl acetate or lead citrate.
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CHAPTER THREE

MORPHOLOGY

NORMAY,
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INTRODUCTION

The fine structure of normal human gastric (Lillibridge, 1964
Rubin, Ross, Sleisenger and Jeffries, 1968) and colonic.mucosa
(Bittman and Pittman, 1966; Lorenzsona énd Triér, 1968; Jimenez,
Ambrosius, Boom and Leuze, 1971) has been previously described.

It is not proposed to describe or illustrate these structures in
detail, since the observations undertaken in the course of thi;
work were in agreement with previous reports. A brief summary
of the principal features of control tissue from stomach and
colon 1s accompanied by a few fepresentative micrographs.

The human oesophagus, however, has not been fulily explored at
the ultrastructural level, either in relation to the sauamous
mucosa or the submucosal glands. The main part of this chapter
deals with the fine structure of the non-kegatinised human
ocesopheageal mucos;, drawing comparisons with similar surfaces, -
such as buccal mucosa and cervix uteri. The submucosal gliancs are
examined in detail and compared in ultrastructural terms with mucus
secreting labial salivary glandé, to which they bear a histological
reserblance.

The Langerhans cell, first identified by histological techniques
in the upper layers of the epidermis, is now.best characterised
electron-microscopically, by the bfesence of its distinctive cytoplasmic
inclusions and by absence of epithelial adhesion specialisations and
tonofilaments. Cells of this type have now been identified in various
squamous epithelia, including skin (Birbeck, Breathnach and Everall,
1961; Zelickson, 1965), buccal mucosa (Waterhouse and Squire, 1967),
the~feméle genital tract (Younes, Robertson and Bencosme, 1968),
the sheep rumen (Gemmell, 1973) and.the upper alimentary tract of the

mouse (Bock, 1974). Speculations as to their nature and function
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remain unresolved, although the earlier view that they were effete
nelanocytes (Masson, 1926, 1951) has ncw largely been discounted.
The present study reports the occurrence of morphologically typical
Langerhans cells in the normal human cesophagus and draws comparisons

with the intra-epithelial lymphocytes.

OBSERVATIONS

l. Squamcus epithelium of oesophagus.

The epithelial cells can be assigdned to three layers, basal,
intermediate and superficial, each with its characteristic fine
structural features. The basal cells are cﬁboidul ~r oblong, with
centrally placed nuclei which have occasional indentations (Fig. 1).
The cvtoplasm is relatively unspeéialised,vwith moderate numbers of
mitochondria, a small Golgi apparatus, free ribosomes but little
organised endoplasmic‘reticulum. There are also moderate numbers of
membrane - limited dense bodies. Fine bundles of t.nofilaments
are scattered throﬁghout the cytoplasm and are inserted into the
cytoplasmic plates of the desmosomes. Distinct intercellular spaces
are crcssed by interdigitating folds and projections of cytoplgsm.
The base, reéting on the basal lamina, shows numercus hemidesmosomes, each
consisting of a single dark plate with inserted tonofilaments, alinng
with the extracellular lamina which is typical of this structure.
The basal lamina itself, 40 to 50 nm in thicknecss, is separated
from the base of the epithelium by a pale interspace of around
50 to 65 nm (Fig. 2). |

In the intermediate zone of the epithelium, the cells are
larger and flatter than basal cells (Fig. 3). They may have
co&rser bundles of tonofilaments but they are similar to basal
celis in terms of their mitochondria, endoplasmic reticulum,

ribesome distribution and Golgi apparatus.
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“he deswosomes appear more prominent in the superficial
part of the intermediate layer. However, at some sites, often
where the intercellular space is widened and conventional
desmosomes are absent, occasional intrac ytoplasmic desmosomes
are encountered (Fig. 4). These paradoxical structures have all
of the mo:phology of typical desmosomes, with laminated structure
and inserted toncofilaments, but they lie embedded within the
cytoplasm instead of forming an attachment with another cell.

These intracytoplasmic desmosomes have no demonstrable link with
the cell surface or with any intracytoplasmic memb~ane system.

A further feature of the intermediate zone is the occurrence of
"membrane-coating grenules" iii the more distal cells., These
are described more fully below. Occasional single cilia project
into the intercellular space (Figs. 5,6).

The cells of the superficial zone of the muéosa are flattened,
lying parallel to the surface. They retain their nuclei and have
Giifuse tonofiléments in a rather pale cytoplasmic matri# (Fig. 7).
Cytoplasmic vacuolation is common in the deeper cells of this zone.
This is associated with the presence of glycogen. There are fewer
desmosomes at this level in the epithelium and the cytoplasmic
rrojections at the cell surface only rarely appear to interdigitate.
At the luminal free surface there are many finger-like projections,
probably representing sectioned folds or flaps of cytoplasm (Fig. 8).
The cell membrane is particularly prominent here, due to a significant
increase in the thickness and staining reaction of its inner cytoplasmic
leaflet (Fig. 9), while the outer leaflet and the pale interspace
remain unaltered. "Membrane-coating" granules are seen in the cells

of the superficial layer.
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The menbrane-coating granules of the human ocesophageal mucosa
are similar to those seen in other non-keratinised epithelia. They
are small heterogeneous oval or round granules, from 60 to 350 nm in
diameter, limited by a trilaminar membrane (Fig. 10). The location
and size of the dense content within its pale halo is variable, at
least partly as a result of plane-of-section effects. Some granules
show a faint internal lamination (Fig. 11), but this is never as
pronounced as in keratinised epithelium, where the distinctive
periodicity of these granules is their most striking property.
Membrane-coating granules occur in the distal cells of the
intermediate zone of the human oesophagus, ahd in the superficial
zone. The granules gather at the margin of the cell and dense
material resembling their contents is often seen in the intercellular
space (Fig. 12).

There are two other features of note in theresophageal mucosa.
The presence of langerhans cells is described in detail below. The
difficulties in distinguishing in some instances between Langerhans
cells and lymphocytes raised the question of a relationship between
these two cell typese. In general, however, the balance of evidence
favours a histiocytic crigin fof the Langerhans cell. Nuclear
bodias are occasionaily encountered at all levels in the cescrhageal
epithelium (Fig. 1). They consist of aggregates of microfibrillar
material, up to 600 nm in diameter, not demarcated positively from
the nuclear substance. The nature of these structures remains
obscure. The nuclear bodies seen in this and other sites are

described in detail in a subsequent chapter of this thesis.

2. Subrucosal glands of oesophagus.

The oesophageal glands are situated in the submucous connective

tissue, connected to the surface by a straight duct. They are
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composed cf lobules, each consisting of acinar and ductal structures.
The acini are lined by predominantly mucus secreting colummar.
epithelium, the ducts by cuboidal or stratified epithelium,

Four acinar cell types can be identified in human oesophageal
submucosal glands. The predominant mucous cells are recognised by
their numerous large pale secretion granules. Occasional subsidiary
secretory cells are seen, with similar cytoplasmic characteristics
bﬁt different granule. patterns. Myoepithelial cells are readily
identified by their characteristic location and cyteplacsmic
filaments. Finally, typical oncocytes are sometimes encountered
close to the origin of the.duct system.

The mucous cells are clusely packed, pyramidal in shape and
connected by conventional junctional complgxes. The bulgirng luminal
surface (Fige. 19) bears short sparse microvilli. The nucleus is
pushed to the periphery or to the basé of the cell by the
accumulated mass of secretion (Fig. 20). These mucus granules are
pale and sometimes foamy in texture, With the fixation procedures
used in tiis study, individual limiting membranes are not observed,
and granules frequently coalesce. There is 2 rim of well organised
.granular endéélasﬁic reticulum at the basal andperinuclear areas,
and an elaboréte Golgl system is seen in favourable sections. 7The
nitochondria are scattered towards the cell - base. They have no
particularly distinctive features. There are occasional microtubular
inclusions within mitochondria (Fig. 21). These tubules, 15 - 25 nm
in diameter, are orderly in their arrangement, usually straight or
slightly curved and in longitudinal section they display a fine
transverse periodicity. Finally, there are intracytoplasmic
membrane-limited microfibrillar bundles, aseociated with pale vacuoles

(Figs. 20 , 22, 25). These are distributed throughout the cytoplasm,
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often lying between secretion granules.

The less common subsidiary secretory cells of the acinus
(Fig. 23) are interposed between mucous cells, or lie at the junction
6f .. the acinus and duct., The secretory granules are distinct from
those of the mucous cells, being membrane-limited, smaller, rather
more dgnse, and homogeneous or stippled in texture. In other
respects, these subsidiary cells are not dissimilar to the mucous
cells. A further group of cells distinguished by thé presence of
numercus cytoplasmic filaments has smaller granules, often with
a denser core and pale halo (Fig. 24). Occasional similar cells
(Fig. 26) nave few of those distinctive granules, or even none
at all. Such cells have a less elaborate endoplasmic reticulum
then their granulated counterpartse.

The myoepithelial cells (Fig. 27) are flattened spindle shaped”
cells, connected by desmosomes to the overlying epithelial cells. e
They rest upon the continuous acinar basement menbrane. The-
cytoplasm contaiﬁé sparse mitochéndria and few membrane systems,
but is rich in myofilaments similar o tiwse of smooth muscle, with
typical attachment zones at the cell base.

Oncocytes are found in small numbers in the submucosal glands,
occasionally in small clusters between duct and acinus (Fig. 28). -
Their characteristic numerous, closely packed mitochondria may
appear round, oval or elongated (Figs. 29, 31). They have numerocus
cristae and occasional dense intramitochondrial granules., Th;re is,
in addition, a small.Golgi system, a moderate complement of free
ribosomes and a scattering of membrane-limited dense bodies.
The centrally placed nucleus has a sligﬁtly irregular outline. The
oncocytes have no unusual surface featureé. They are connected to

adjacent cells by junctional complexes and desmosomes. they rest on
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the basement membrane without basal specialisations and their

freg surface borders the glani lumen with few if any microvilli.
Various other features which have been described in previous

studies of salivary tissue were not encountered in these glands.

These include secretory canaliculi, intraepithelial nerve

terminals and intranuclear inclusions. Unﬁyelinated nerves are,

however, freqﬁently found in the periacinar connective tissue, often

close to the basal lamina (Fig. 30). As well as mitochondria, these

axons contain small agranular and iarge dense-cored vesicles.

3. Ducts of submucosal glands.

-~

Their lining rarnges from f£lattened cuboidal epithelium (Fig. 32)
at the junction of acinus and duct. through two iayers (Fig. 33),
to a stratified pattern. The luminal surface is covered by short
irregular microviili; iLhe contact surfaces have junctional complexes,
desmosomes, and some interdigitations. Evenly distribuied micro-
filaments are more numerous in the cuboidal than fne columnar cells.
Granular endoplasmic reticulum is very sparse, but free ribosomes are
present in moderate numbers. In the apical cytoplasm there are some
empty smooth-waliied vesicles from 70 to 140 nm in diameter, along
with merbrane-limited multilocular bodies and plemmorphic dense
granules. Myoepithelial cells similar to those of the acinus are
present in ducts with a simple epithelial lining, but are absent

from ducts lined by stratified epithelium.

4., Langerhans cells.

The oesophageal clear cells, which I have idenfified as Langerhans
cells (Fig. 24), are found in the middle and superficial layers of
the normal squamous mucosa and do not occur in basal layer or
beneath the basal lamina. They are often irregular in outline (Fig. 35)

with cytoplasmic prctnusiong which extent out from the perikaryon
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betveen the surrcunding squamous cells. As a result of this
dendritic pattern not all sectioné pass through the perikaryon.

In some fields, the Langerhans cell is represented only by a small
cytoplasmic isiand interpolated betﬁeen the epithelial cells.

The relative pallor of the Langerhans cell cytoplasm is in
contrast with the denser matrix of adjacent squamous cells.
Langerhans cells are further distinguished (Fig. 34) by the
complete absence of the desmoscmes and tonofilaments which are such
a prominent feature of the normal squamous mucosa. Their cytoplasm

(Figs. 38, 39) contains moderate numbers of free ribosomes,

apparatus with lamellae and vacuoles, often with a related centriole,
and a few round or oval mitochondria, without particular structural
distinction.

The nucleus is irregular in contour, often with deep inveginatiens,
and may contain one, or rarely two nucleoli. However, not all
Langerhans cells correspond to this pattern. Cells such as those
shown in Fig. 40 and 41, with typical Langerhans graﬁules, have a
much less elaborate degree of cytoplasmic organisation. It is of
course, difficult to exclude the possibility that such variations are
simpiy the consequence of celection of different planes of section
through different cells.

The single most distinctive feature of these cells is the presence
of typical Langerhans granules (Figs. 36, 38, 39), rod-shaped
inclusions up to 460 nm in length. A median section of a Langerhans
cell in oesophagus may display many of these grarules. They have a
characteristic linear laminated internal structure and in slightly
tangential sections show an apparent periodic substructure. On
occasicns the rod-shaped Langerhans grantle 1is seen Lo cunnect

directly with the cell membrane (Fig. 37). Some granules have a
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rounded expansion at one end measuring up to 150 nm in diameter
(Fig. 39). These are the distinctive 'tennis racket' structures
which are described in the epidermal Langerhans cells. In addition
to these organelles, there are moderate numbers of membrane
limited electron dense bodies, possibly of lysosomal nature.

A second clear cell found in the human oesophagus is the typical
intra-epithelial lymphocyte (Fig. 42) which is similar in appearance
to those found in the intestine (Toner and Ferguson, 1971). These
are also distinguished by their lack of tonofilaments and desmcscrr.es,
but they differ from typical Langerhans cells in several respects®
They do not have the characteristic Langerhans granules, their
cytoplasmic orgcLuoll ~ in general less well organised, and their
nuclear morphology tends to differ from that of the Langerhans cell,
in having a more prominent heterochromatin component- Nevertheless,
it remains difficult in some cases to make a firm distinction cn the
basis of morphology between lymphocytes and Langerhans cells. Some
cells containing unequivocal Langerhans granules (Fig. 41) are in most
other respects indistinguishable from lymphocytes (Fig. 43). Perhaps
some of the cells presumed to be lymphocytes (Fig. 43) are in fact
Langerhans cells, their granules lying by chance cutwith the plane
of section. There is no doubt that the well differentiated Langerhans
cell (Fig. 34) and the typical lymphocyte (Fig. 42) are readily
separated, but the borderline between the less classical examples
of the two cell types is at best indistinct. 1 did not identify any cells
of melanocytic type in this study despite a careful search for

prernelano somes.

5.  Stomach
The fine structure of human gastric mucosa which was studied

as control material is in accordance with previous descriptions
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(Lillibridge. 1964; Rubin, Ross, Sleisenger and Jeffries, 19638;
Toner, Carr and Wyburn, 1971).

The surface mucous cells have an apical aggregate of round or oval
yranules which have a closely applied limiting membrane and mottled
or stippled appearance (Fig. 45). Their cytoplasm also contains
a supfanuclear Golgi apparatus and a moderately organised endoplasmic
reticulum. The luminal surface bears few short microvilli with an
inconspicuocus fuzzy ccat. The cells are connected by junctional
copickes and desmosomes and rest on a basement membrane. The muccus
ncek cells (Fig. 44) have denser granules than the surface mucous
cells, and sometimec the granules have eccentrically placed dense

reas (Fig 50). The chief cells (Fig. 45) are pvramidal in shape
and have.basally placed nuclei. Their cytoplasm contains pale granules,

elaborate endoplasmic reticulum, well developed Golgi apparatus.,

scattered mitochondria and moderate numbers of irregular and plcowmorphic

dense bodies Fig. 54). The parietal cells (Figs. 47, 48) are
pyramidal in shape and have basally situated nuclei. Their cytoplasm
contains numerous oval or round mitochcndria, profiles of sectiens
through the canaliculi. numerous tubulovesicles and moderateﬂnumbers
of dense bodies which are composed of myelin figures and granular
and amorphous material (Fig. 53). The endocrine cells (Fig. 49)

are pyramidal in shape and occasionally reach the lumen. The
cytoplasm contains few mitochondria, small Golgi apparatus and

few scattered cisternae of endoplasmic reticulum. The secretory

granules are scattered below and around the centrally placed

nucleus.

6. Colon.
The fine structure o the nermal colonic mucesa studied as

control material is similar to that of previous reports (Pittman
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and Pittman, 1966; Lorenzsonn and Trier, 1968; Jimenez, Ambrosius,
Boom and Leuze, 1971). The columnar absorptive cells are connected
by junctional complexes and desmosomes. Their luminal surface

\Fig. 60) is covered by numercus micrdvilli, with a prominent

fuzzy coat of rather fine filaments. Small spherical vesicles are
present between the microvilli. These cells have numerous
mitochondria, a supranuclear Golgi apparatus of moderate size and
scattered cisternae of endoplasmic reticulum. There are membrane-
limited vesicles in the apical cytoplasm. Their basal nuclei are
oval in shape. The goblet cells (Figs. 60, 61) have dark ruclei

which are pushed basally or laterally together witii the cytoplasmic
organelles by the accumulated mucus grapules. Small membrane-

limii:ed dense bodies are present in moderate numbers in the cytoplasm
of both absorptive and goblet cells (Fig. 62). The cells of the

lower one third of the colonic crypt (Fig. 63, 64) have numercus
mitochondiia, scattered endoplasmic reticulum; numercus free ribosomes,
a small Golgi apparatus, numerous membrane-limited apical vesicies and
numerous lateral interdigitations. Their centrally placed nuclei

are irregular and frequently segmented (Fig. 65).



3h

CHAPTER FOUR

SQUAMOUS CELL CARCINOMA

OF OESOPHAGUS




35

INTRODUCTION

The histological classification of tumours relies substantially
upon the tendency of the neoplastic cell to mimic the patterns of
differentiation of its cell or tissue of origin. This principle
applies equally in the ultrastructural field. Thus, for example.
a typical malignant melanoma shares certain distinctive fine
structural features with the normal melanoblast (Gyorkey, Min,
Krisko and Gyorkey 1975). In ultrastructure as in histology,
the difficulties of classification tend to increase with
advancing anaplasia.

The published descriptions of squamoué cell carcinoma in
various sites (Greene, Brown and Kivertie, 1969;'Lin, Lin, Yeh and
Tu » 1969) bear out this principle. As might be expected, the

more anaplastic the tumour, the less close is its correspondence

. to the conventional ultrastuructural pattern of squamous differentiation.

Nevertheless, some subcellular clues to histngenecsis may present in
neoplastic cells which have regressed beyond the tnreshold of
accurate histologicél classification. In such cases, fine structural
examination may lead to a more accurate diagnosis than is possible
with light microscopy. For this reason, the detailed analysis of
the full range of ultrastructural variation of ccrmmon tumours such
as squamous carcinoma is of more than simply academic significance.

- The present study is confined to the ultrastructural aspects §f
well differentiated squamous carcinoma in a site not hitherto studied
in detail. the human cesophagus. It is attempted first to highlight
the persisting similarities between the cancer cell and its normal
counterpart as described in detail in Chapter 3. and then to point

out its principal cytological aberrations.
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OBSERVATICLS

The histological pattern of a typical case in this series
is shown in Figure 69. All of the tumours examined in this study
were of well-differentiated squamous type, with "cell nest" or
"epithelial pearl" formation.

Throughout these tumours, there are many striking ultrastructural
similorities between the neoplastic cells and their normal counterpérts,
as described above in Chapter 3. The majority of cells have
é cytoplasmic matrix of moderate density corresponding to that cf
tne basal cell of normal oesophageal epithelium (Fig. 7C}. The same
basic cytoplasmic components are seen: these include ribosomes,
granular endcplasmic reticulum, mitochondria and Gclgi eystem.

Some variations from normal patterns are seen, such as a general
increase in the free ribosome population and a lesser degree of
elaboration of the cytoplasmic membrane systeﬁs. Virﬁually all
tumour cells contain the cytoplasmic tonofilaments which are
typical of squamous cells kcth in oesophagus and elsewhere. As a
general rule they are coarser and denser than those of normal cells.
In somé cells these tonofilaments are randomly distributed in
course bundles, while others have fine bundlzz scattered mainly
around the nucleus.

Perhaps the single most distinctive feature of squamous
epithelium is the prominence of desﬁosomes, which link cell to cell.
This feature is also typical of squamous carcinoma.' The desmosomes
are indistinguishable, in their essentials, from normal. They
measure from 20 to 45 nm in thickness and from 200 to 350 nm in
length. They are, however, rather less numerous and orderly in

theéir arrangement than those of the normal epithelium.
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Anoﬁher typical feature of the normal oesophageal squamous
epithelium is the presence of the so-called "membrane;coating"
granules, which are released from the maturing squamous cell and
are believed to contribute in some fﬁndamental way to the physical
properties of the epithelium. Similar granules are found in
neoplastic squamous cells (Fig. 71). They are limited by a
conventional trilaminar membrane and consist of a dense core
éurrounded by a pale halo. Their distribution in the tumour is
irresgular.

At low magnifications, the mcst striking aberrations of the
neoplastic squamous cells are those of size and contour (Fig. 73).
Small cells and isiye «eils are readily identified, as in histologf.
Ultrastructural examination displays cleérly the irregularity orf cell
outline which centrastswith the regularitf of normal ocesophageal
epithelium. The extent of the intercellular space varies widely, from
a minimal contact gap of 20 nm,to wide separations of 200 nm. Small
and large cytoplasmic protru gions, not seen in normal epithelium,
may intervene between cells widening the gap, while numcrous
tiny projections cover the tumour cell surface. Bulbous protrusions
(Fig. 74) from tumour cells are rarely attached to their neighbours
by desmosomes and in general are devcid of tonofilaments, despite
their presence elsewhere in the cytoplasm.

The nuclear morphology of the tumour cells also varies from that
of normal epithelium. Binucleate cells are common (Fig. 70), as are
mitotic figures. The nuclei of tumour cells are generally larger
than normal and may be lobulated and segmented, with multiple deep
i;vaginations of the nuclear envelope, forming cytoplasmic channels
whose apex may contact one of several prominent nucleoli (Fig. 75).

When cut transversely, such channels may appear as islands cf cytcplasm

stranded within the centre of the nucleus (Fig. 76). Pale
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euchromatin it more prominent, and'dense heterochromatin léss
so than in normal cells. Occasional ring-shaped nucleoli are
only seen in neoplastic cells (Fig. 93).
Curious inclusions, or "nuclear bodies" are consistently

present in tumour cells but are only rarely seen in normal

.epithelium. These bodies measure 60 to 80 nm in diameter

and conesist of a variable central core surrounded by a
microfibrillar cortex. These nuclear bodies are described in
detail in Chapter 7.

A few cells in these tumours have either a strikingly pale or
an unusually dense cytoplasmic matrix (Pig; 77). These "light"
and "dark" cells (Lin, Lin, Yeh and Tu, 1969), are scattered
sinoly between the main populétidn. The high density of the dark

cell is attributable in part to increased numbers of cytoplasmic

tonofilaments. The light cells are relatively deficient in tonofilaments

as well as shqwing a distinctive pallor of the cytoplasmic matrix.
Their nuclei are aiso pale.

The maturing squamous cell of the superficial layers of the
normal oesophageal mucosa displays a distinctive thickening of its
cell membrane, due to increased density of the inner leaflet of its
trilaminar structure. There is no corresponding specialisation of
the neoplastic éell membrane.

A curious feature of the tumour cells in this study was the
frequent occurrence of intracytoplasmic desmosomes (Figs. 78 79).

This paradoxical structure has been recognised in various other

" situations and is occasionally seen in normal oesophagus.

It coneists of the characteristic laminated desmosome structure
complete with attached cytoplasmic tonofilaments. Its membrane

coinponents however, are not in continuity with the surface membrane
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of the cell or with any extensive intracytoplasmic membrane
system, in as much as this can be determined by tilting the
section to exclude continuity with an obliquely sectioned
membrane surface (Figs. 82, 83, 84). Intracytoplasmic desmosomes
are particularly common in mitotic figures, where conventional
desmosomes are infrequent, and in the cells of the epithelial
pearl, where the cytoplasm is packed with coarse bundles cf
tonofilamentse

The boundary between normal epithelium and underlying
connective tissue in the oesophageal mucosa is marked by a
continuous filamentcus dense layer, the basal lamina. This
closely follows the contours of the base of the epithelium.
Hemidesmosomes are present at the cell surface which lies
ir. contact with this basal lamina. In squamous carcinoma
the groups of tumour ceils are sometimes similarly demarcated
from the surrounding stroma (Fig. 70): the basal lamina is
continuous, although the hemidesmosomes are less conspicuous than
in normal epithelium. Elsewhere, however, the basal lamina is
virtually absent from tumour cells, widely breached by
pseudopodial cytoplasmic projections which extend from the malignant
cells into the surrounding stroma (Fig. 80). Where the basal lamina
is deficient, hemidesmosomes are also absent from the surface of
the tumour cell.

The cells of the epithelial pearl have no counterpart in
normal human oesophagus; they more closely resemble keratinising
epithelial cells from the epidermis. Their nuclei are condensed
and pyknotic (Fig. 81), finally disintegrating. Their cytoplasmic
organelles are largely replaced by numerous randomly oriented
tonofilaments, which may also appear within the nucleus (Figs. 81, 85).

Dense cytoplasmic keratohyalin granules are seen sometimes in these
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cells (Fig. 86) but in no others in the tumours examined.
A distinctive variety of intracytoplasmic inclusion occurs in
these cells. These structures (Figs. 87 88), conveniently
termed "thick-walled vesicles" are rouhd or oval in contour,
at times with a focal invagination» their diameter being from
360 to 600 nm. They are apparently partitioned from the cytoplasm
by an intact limiting envelope, consisting of two'dense laminae,
each about 8 nm in thickness, separated 5y a 5 nm interspace in
which & 7 nm periodicity occurs. The material enclosed within
these vesicles closely resembles fﬁe cytoplasmic matrix, but
continuity with it is not observed.

There are occasional pleomorphic membrane-limited dense bedies
in the cytoplasm of neoplastic cells (Fig. 93).

Finally, an occasional finding in éaéés of squamous carcincma is
the occurrence of Langerhans cells. These normal inhabitants <f
the human cesuphageal mucosa are recognised by their distinctive

cytoplasmic inclusions (Fig. 89).
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INTRODUCTION

In recent years gastric carcinoma has been investigated by
various workers, using the techniques of electron microscopy
(Aiboshi, 1960; Izumi, 1962; Onoe, 1962; Goldman and Ming, 1968).
Some quantitative differences have been described between cancer
cells and their normal counterparts, such as the irregularities of
the contours of neoplastic cells and their nuclei and the increased
numbers of their microvilli. The ultrastructure of metastatic gastric
carcinoma has, however, not yet been fully explored.

Two ultrastructural types of gastric cancer have been described by
Sasano, Nakamura, Arai and Akazaki (1969). These are called the
gastric and intestinal type, the distinction being made on the basis of
the presence or absence of mucous secretion granules, goblet cells and
brush border. -

'In the present investigaticn, an attempt was made to look at
several aspects of the ultrastructure of gastric cancer: firstly to
compare gastric cancer cells with the normal cell pupulations of the
human stomach; secondly to explore the concept of the two
ultrastructureal types of gastric carcinoma; and thirdly to examine

some examples of metastatic gastric tumours.

OBSERVATIONS

1. Well Differentiated Gastric Adenocarcinoma

The criteria of Sasano et al (1969) were used in the assessmant of
these cases. The two typeé of gastric carcinoma recognized by these
workers were distinguished on the basis of the presence or absence of
mucous secretion granules, similar to those of gastric mucous cells, of
goblet cells and of a well-developed brush border. In the present

study, the occurrence was confirmed of two ultrastructural types of



gastric adenocarcinoma, each with its characteristic features; those
of gastric cell type which contained mucous secretion granules identical
to those of gastric mucous cells, and those of intestinal cell type
which did not contain mucous granules but had long microvilli and were
interspersed with goblet cells. These two types of gastric carcinoma
correspond to those of Sasano et al (1979)- The present study revealed
additional fine structural details, not previously described, which were
found to assist in distinguishing these two patterns,

a) Gastric type The histology of a typical case of this type of
gastric carcinoma is shown in Figure 95%

The columnar neoplastic cells (Fig. 96) are arranged in an acinar
pattern. They axd <l— packed and connected by conventional
junctional complexes and desmosomes, with few lateral interdigitations.
Their luminal surface bears few short and irregular microvilli with the
fuzzy coat of short filaments similar to those of gastric mucous cells.
The neoplastic ceils rest on a continuous fibrillar lamina densa.

The cytoplasmic matrix is of moderate density comparable to that of
gastric mucous cells.

The most distinctive feature of the neoplastic ceils of this type
of gastric carcinoma is the presence of an aggregate of granules in the
apical cytoplasm. The fine structure of these granules (Figs. 97> 99)
is identical to that of the mucous secretion granules of gastric mucous
cells (Figs. 44, 45)° They are oval or round in shape and have a
closely applied limiting membrane and a homogenous or mettled appearance.
The amount of these granules is variable from case to case and even from
cell to cell within one case. The neoplastic cells have a supranuclear
Golgi apparatus of moderate size, a few scattered cisternae of granular
endoplasmic reticulum, numerous ribosomes and moderate numbers of

mitochondria.
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In this type of gastric carcinoma, various structural
abercations of some cytoplasmic organelles were noted, particularly

the mitochondria, endoplasmic reticulum and membranous structures.

N

ome mitochondria were seen to display tubular or vesicular cristae

with an electron lucent intramitochondrial ma£rix (Fig. 99). Others
had concentric cristae (Fig. 101) or contained rod-shaped inclusions
(Fig. 100), 10 to 15 nm. in diameter. These intramitochondrial inclusions
~displayed internal periodicity. Crystalline inclusions in dilated
cisternae of the granular endoplasmic reticulum are seen in this type of
gastric carcinoma (Fig. 102). These intraqisternal inclusions, which
occur in some cells of every case examined, are composed of long parallel
and curved rod-shaved strctnres of about 10 to 17 fm. in diameter.
Concentric membranous structures (Fig. 103) were also seen. These
"inclusions, which souwetimes contained modef;fely dense material, showed
no consistent structural relationship to any other cytoplasmic organelle.
The membranes surrcunding these inclusions are trilaminar structures,
thicker than those of the mitochondria and endoplasmic reticulum.

b) Intestinal type The histological pattern of a typical case of this

type of gastric carcinoma is shown in Figure 104.

The striking featurz of the neoplastic cells of this type of
gastric carcinoma is their dissimilarity to the gastric uuccus cells.
Not only was there an absence of mucous granules, but in addition these
cells possessed numerous long microvilli which resembled those of
" intestinal cells. '

The neoplastic cells are tall and columnar in type, arranged in an
acinar pattern around spaces of variable size (Fig. 105). Their apex
bears more numerous and taller microvilli (Fig. 106) than those of
normal gastric epithelium and gastric type adenocarcinoma. Each

microvillus has a long microfilamentous core inserted into the apicsal
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cytoplasm (¥ig. 108). Small spherical vesicles are sometimes seen
between the microvilli. Similar vesicles were not seen in normal
gastric cells or in the gastric type of carcinoma. The fuzzy coat
is prominent and is composed of rather fine filauments. The
neoplastic cells rest on a continuous fibrillar lamina densa similar
to that of normal gastric epithelium. The cells are connected by
typical junctional complexes and desmosomes and have numerous lateral
interdigitations, particularly at their basal parts (Fig..107).

The cytoplasm is of moderate densidy and contains no mucous
secrevion granules. There is, however, a well developed supranuclear
Golgi apparatus, with scattered cisternae of gramular endoplasmic
reticulum, moderate numbers of ribosomes and oval or round mitcchondric
(Fig. 109), features more or less similar fq those of tumours of gastric
cell type. There are some apparently emptynmembrane-limited vesicles
in the supranuclearband apical cytoplaém. Similar vesicles are also
sometimes seen to contain dense material, particularly when they lie in
the supranuclear region (Fig. {14). Such vesiclec are absent from
gastric carcinoma of gastric cell type.

Goblet cells are occasionally seen in this type of gastric
carcinoma, but not in normal gastric mucosa or in gastric type
sarcinoma. These goblet cells have dark nuclei which are pushed
basally, together with the cytoplasmic organelles, by their accumulated
mucous gramules (Fig. 110). They are interposed between the less
differentiated cancer cells and they have few short irregular
microvilli.

" The nuélei of both types of gastric carcinoma are larger and more
irregular than those of normal gastric epithelium. They are basally
or centrally situated and contain prominent nucleoli. Deep

invaginations of the nuclear envelope may form channels of cytoprlasm
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leading to the nucleoli (Figs. 111, 112, ?13). Nuclear bodies and
coiled inclusions are also found in the nuclei of 5oth types of
gastric carcinoma.‘ These features are described in greater detail
in Chagpter 7. |

In the cytoplasm of both types of gastric carcinoma there are

moderate numbers of membrane-limited homogenous and pleomorphic

dense bodies (Figs. 115, 116).

2. Poorly Differentiated Gastric Carcinoma

There are two types of poorly differentiated gastric earcivoma,
distinguished by the presence or avsence of mucous secretion granules
identical to those of gastric mucous cells, and by their tendency
towards acinar formaiiuu. These two types of tumour are similar in
most other cytoplasmic and nuclear featureé:

Those cases of poerly differentiated carcinema which contained
mucous granules also showed occasional acinus-like spaces (Fig. 117).
The neoplastic cells arranged around these spaces have cytoplasmic
projections extending into the lumen. These projections lack the
microfilamentous core of microvilli, and have no obvious fuzzy coat.
The mucous secretion granuies are identical t¢ those of gastric mucous
cells. >They have a closely applied limiting membrane and a mottled or
stippled appearance., There are eccentrically placed dark areas in
some of these granules (Fig. 119). The granules are distributed
throughout the cytoplasm with frequent aggregations in the apical
cytoplasm.

The other type of poorly differentiated carcinoma did not contain
mucous secretion granules and showed no tehdency to form acinus-like
spaces.,

The cells of both types rest on a continuous basal lamina

(Fig. 118), and are connected by desmosomes which appear to be less
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prominent and orderly than those of well differentiated gastric

_ carcinoma. The cytoplasm of both types contains a moderately well

developed Golgi apparatus, small to moderate numbers of mitochondria,
scattered cisternae of granular endoplasmic reticulum and numerous
ribosomes (Fig. 120).  Their nuclei are la;ge and irregular, and
contain prominent nucleoli and nuclear bodies. Intranuclear coiled
inclusions similar to those of well differentiated gastric carcinoma,
although present in every case, are encountered only rarely and demand
careful search of many sections. These features are described in

c¢etail in Chapter 7.

3. ;Gastric Lymphoma

A single case of gastric lymphoma was examined, to serve as
comparison with the cases of carcinoma described above.

The compact cells of gastrié lymphoma (Fig. 121) arc more closely
packed than those of poorly differentiated gastric carcinoma. . There
are no distinct intercellular spaces such as those which separate the
cells of carcinoma, and the neoplastic lymphoid cells lack the
distinctive epithelial =zdhesion specialisations seen in the epithelial
neoplasms of the stomach (Fig. 122).

The cytoplasm of the neoplastic cells containc scantier organelles
than in cases of gastric carcincma. There are few mitochondria, no
organised gramular endoplasmic reticulum and only an occasional
diminutive Golgi system. Variable amounts of free ribosomes, occasional
membrane-linited vesicles ahd membrane-limited dense bodies are
encountered. Occasional cells with strikingly pale cytoplasm and very
scanty organelles (Fig. 122) are seen.

The nuclei are large, irregular and may bé segmented or
binucleated. The nuclevli azxe brominent. The nuclei of lymphoma are

generally darker than those of carcinoma, with a chromatin pattern
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reminiscent of mature lymvhocytes.,

4. Metastatic Gastric Tumours

All metastatic gastric tumours examined in this study were
obtained from omental deposits or mesenteric lymph node deposits of
gastric carcinoma, the primary site being confirmed at laparotomy.

a) Well differentiated metastatic gastric adenocarcinoma The his*ology

of a typical case of this series is shown in Figure 130.

In all cases of metastatic gaétric adenocarcinoma examined in the
present study, the neoplastic cells had features reminiscent ¢f gastric
mucous cells. The low columnar cells are arranged around wide lumina
and have few irregular apical wicrovilli (Fig. 133). Each microvillus
has a microfilamentous core which does not extend into the apical
cytoplasm. The fuzzy coat consists of rafher fine filaments. The
cells are separated from the underlying stroma by a continuous basal
lamina. They are connected by junctional complexes and desmosomes
and frequently interdigitate at their vasal parts. The cytoplasm is
of moderate density and contaigs an apical aggregaic of granules
(Pigs. 131, 132) identical to those of gastric mucous cells (Figs. 44,
45, 50). The individual granules are enclosed by a closely applied
limiting membrane, and have a dense homogenous, stippled or mottled
appearance. There are eccentrica}ly placed dense areas in some of
these granules (Fig. 131) similar to those of gastric mucous neck
cells (Fig. 50). The number of granules present in phe tumour cells
is variable. The cytoplasm contains a Golgi apparatus of moderate
size, scattered cisternae of granular endoplasmic reticulum, numerous
ribosomes and moderate numbers of mitochondria. .Frequently seen in
the cytoplasm are apparently empty spaces which are not limited by a

menbrane.
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Various atypical cytoplasmic organelles were seen. Aberrations
occurred particularly in the mitochondria, endoplasmic reticulum and
membranous structures. Some mitochondria were found to display
tubular or vesicular cristae with an electron lucent intramitochondrial
matrix (Figs. 136, 137). Others were ring-shaped (Figs. 138, 139),
displayed concentric cristae (Figs. 140, 141), or contained a central
inclusion of material which resembled the surrounding cytoplasmic
métrix (Figs. 142, 143). This appearance could perhaps be explained
on ithe basis of an invaginated 'cup-shaped" mitochondriomn, such as
that shown in Figure 144.

Some dilated cisternace of granular endoplasmic veticulum are
sometimes seen to contain arrays of tubular inclusions (Figs. 145, 146).
These tubular structures are convoluted aﬁd_smoqth surfaced.  Curious
arrays of granular endoplasmic reticulum are sohetines seen to be
continuous with aggregates of smooth endoplasmic reticulum (Fig. 148).
Distinctive membranous structures are scmetimes present in the
cytoplasm of metastatic gastric adenocarcinoma (Fig. 147). These
consist of a network of conveluted smooth-surfaced membranes, with
intervening dense material. There is no apparent structural
relationship between thesc inclusicns and any other cytoplasmic
organelle.

The large basally situated’nuclei are irregular in outline and
round in shape. Their prominent nucleoli may show structural
aberrations. Ring-shaped nucleoli, some with a nucleolar cap, are
seen (Figs. 134, 135). DNuclear bodies with a dense central core

and microfibrillar cortex (Fig. 133) are also seen, as detailed in

Chapter 7.
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b) Poorly differentiated metastatic gastric carcinoma The histology
of a typical case of poorly differentiated metastatic gastric carcinoma
is shown in Figure 152.

Ultrastructurally, there are small and large cells with pale
cytoplasmic matrix and irregular contours (Fig. 153). These cells
are closely packed with no distinct intercellular spaces or lateral
interdigitations.

The solid masses of neoplastic cells are separated by a fibrillar
lamina densa from the surrounding stroma (Fig. 155)%* True acinar
spaces are not seen but typical microvilli are sometimes encountered at
the surface of groups of cells (Fig. 154). These microvilli are simple
cytoplasmic extensions wifa rounded tips, covered by the cell membrane
and containing a fine filamentous core, but with no obvious fuzzy coat.
Perhaps the most distinctive remaining feature or these epithelial
tumours is the occurrence of typical desmosomes which connect the
adjacent neoplastic cells (Fig. 157)* However, these desmosomes are
less prominent and less frequent and orderly in their arrangement than
those of well differentiated tumours.

The pale cytoplasm of the neoplastic ce!PQ contains moderate
numbers of vacuolated mitochondria, scattered cisternae of granular

endoplasmic reticulum, numerous ribosomes, membrane-limited dense

bodies and an occasional very small Golgi zone. There are no
secretory granules of mucous neck cell pattern. The nuclei are pale,
large and irregular. Their prominent nucleoli are frequently

peripherally locatedo

Occasional dark cells, with numerous vacuolated mitochondria,

are seen between the pale cells. Their cytoplasm also contains

numerous ribosomes and scattered cisternae of endoplasmic reticulum.
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They rest on a continuous basal lamina and may have vestigial short

wicrovilli (Fig. 156). Their nuclei are dark and irregular.

c) Signet ring cell metastatic gastric carcinoma The histology of

a typical case of signet ring cell metastatic gastric carcinoma is
shown in Figure 159.

In low magnification electron micrographs the cells are dark,
irregular, and surrounded by electron-lucent material identical to
that of their secretion granules (Fig. 161). The signet ring cells
ave frequently found in lymphatic vessels (Fig. 160).

The irregular surface of the cell is covered by numerous
finger-like cytecplasmic projections, extending into wide iﬁtercellular
spacee. There are desmcsomes connecting adjacent ueopiastic cells,
The distribution of these desmosomes is quite irregular. They are
rarely seen between those neoplastic cells which are seen to lie
within a lymphatic vessel.

The signet ring cells frequently rest on ' dense fibrillar lamina
densa (Fig. 162), but are not arranged in an acinar pattern.

The dense cytoplasm contains numerous mitochondria and ribosomes,
a well developed Golgi apparatus and moderate numbers of cisternae of
granular endoplasmic reticulum. There are also numerous secretion
granules. They measure up to 2.5Wm. in diameter, and in many
instances appear not to be limited by a membrane, perhaps partly as a
result of plane of section effect. They are electron-lucent or pale
in appearance, and may be scattered throughout the cytoplasm. More
typically, they are aggregated in one area, pushing the nucleus to the
side.

There are certain cytoplasmic inclusions seen only in signet ring

cells and not in other gastric neoplasms., These include intracytoplacsnmic

"aoinus-like structures and tubuvulovesicular inclusions.
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Intracytoplasmic desmosomes are frequently seen (Fig. 163).

They consist of two dark plates with a central lamination. These
intracytoplasmic desmosomes may display_"tennis racket" profiles
due to their comnection with a rounded expansion of 60 to 80 nm.
in diameter. These expansions consist of cytoplasmic vesicles
limited by a trilaminar‘membrane (Piz. 164).

The intracytoplasmic "acinus-like'" structure, which may be '
single or multiple, is a saccular inclusion entirely surrounded by
cytoplasm and lined by short'irregular ricrovilli (Figs. 165, 166).
The microvilli (Fig- 167) have a microfibrillar core which extends
into the cytoplasm of the tumour cell. These inclusionz; in other
words, are intracellular microcysts. They are lined by a triléminar
nembrane and are not connected to the cellnsprface.

The tubulovesicular inclusions (Fig. 168) are apparently empty
spaces of about 60 to 350 nw. in diemeter, often with a concentric
central inclusion ¢f material resembling the surrounding cytcplasmic
matrix. In soue insvances this appearance of a concentric inclusion
can be seen to have arisen through a process of invagination of a
cytoplasmic process into the otherwise empty vesicle, The membrane
limiting these structures is similar to that of the cell surface,
These tubulovesicular structures are to some degree reminiscent of
similar features seen in normal gasfric parietal cells (Fig. 48).

Signet ring cell nuclei are large, dark and irregular. They
are frequently seen to be compressed by surrounding mucous secretion
granules, which may also appear within the nuclear material.
Int;anuclear inclusions of various types are sometimes seen. These
may contain tubular structures of about 20 to 45 nm. in diameter
(Fig. 169), resembling the lamecllaec of Golgi system. Also frequently

seen in the nuclei of signet ring cells, are small dark inclusions |
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(Fig. 170) of about 40 to 60 nm. in diameter surrounded by a pale
halo. They are dispersed individually in the nucleus or may form

aggregates,

d) Metastatic gastric lymphoma In the one case examined, the pale

irregular cells are closely packed without distinct intercellular

spaces (Fig. 158). The neoplastic cells do not rest on a basal

lamina and are not connected by the epithelial adhesion specialisatious

of poorly differentiated metastatic gastric carcinoma as described
above. The microvilli seen in the typical carcinoma are also absent.
The pale cytovlasm of lymphoma cells contains few mitochendriaz, numerous
free ribosomes, a small Golgi zone and very few scatiered cisvernae of
endoplasmic reticulum. The appearances are identical in all important
respects with the primary tumour described above. Occasional dark

cells, having vacuolated cytcplasm and shrunken dark nuclei, are seen.

These are thought to be degenerate tumour cells.
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INTRODUCTION

Villous papillomas of colon have‘aiready been the subject of
substantial numbers of histochemical (Szernoblisky and Tsou, 1968;
Lipkin, 1971; Makal, Korhonen and Lilius, 1971) and fine structural
studies (Fisher and Sharkey, 1962; Imai, Saito and Stein, 1965;
Spjut and Smith, 1967; Ioachim, Delaney ana Madrazo, -1974). This
is no doubt dué to their frequency of woccurrence, their malignant
potential (Enterline, Evans, Mercado-Lugo, Miller and Fitts, 1962;
Morscn, 1968) and their interesting association with severe
electrolyte and fluid loss (Davies, Seavey and Sessions, 1961;
Wells, Moron and Cooper, 1962).

Colonic carcincma has also been intensively investigated
(Birbeck and Dukes, 1963; Imai and Stein, 1963; Spjut and Smith,
1967; Cardoso, Diener, Alvorez,-Elizabeth-;ﬁd Maldonado, 1971;
Jenkinson and Dawson, 1971). These previous fine strustural studies
have been confined to the well differentiated types of colonic carcinoma
leaving the more poorly differéntiated varieties to be examined in detail,
The precent investigation sel out to complete this work: to make dirsct
ultrastructural comparzisons ktetween villous papilloma and colonic
carcinoma; +to compare the features of colonic carcinoma in its primary
and its wetastatic sites; and finally to explore certain ultracytochemical

properties of colonic tumours.

OBSERVATIONS

1. Villous Papilloma

The ten villous papillomas examined here were located in rectum
and sigmoid colon. They had the typical histoiogical features of
finger-like projections consisting of a fibro-vascular core covered by

crowded tall columnar cells (Figs. 171, 172).
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The tall slender columnar cells of villous papilloma (Figs. 173,
174) rest on a fibrillar dense lamina densa 30 to 50 mm. in thickness
which separates the base of the cells from the underlying stroma.
The microvilli which cover the luminal surface are in general shorter,
fewer and less regular then those of normal colonic cells. Occasionally,
the microvilli may be either more plentiful or almost eﬂtirely absent.
At the free surface, between the micecvilli of the cells of villous
papilloma, there are numerous small round vesicles, similar to those
seen in the same situation in normal colonic cells.  1In conﬁentional
electron micrographs, the czlls of villous papillowa cppear to lack the
well marked glycocalyx or fuzsy coat of the normal colonic mucosal
cells. In thin sections stained with the periodié acid
thiocarbohydrazide silver proteinate procedure to demon;trate cell
-H_pﬁat micopoly-saccharides, an eléctron dense reéction proeduct is seen
at the surface of the apical cell membrane (Figs. 177, 178) but not at
the lateral or basal surfaces. . |
The cells have moderate numbers of ribosomes, lying free in the
cytoplasm or attached to the scattered cisternae of the endoplasmic
~-retieulum (Fig.-i75). There is a well deweloped supranuclear Golgi
apparatus. The mitcchondria are numerous, measuring up to 1.5pm. in.
diameter. They have shelf-like cristae with a prowminent
intramitochondrial matrix (Fig.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>