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Carcinoma of the oesophagui- i-. a -maj T cause of death in the
Blue- population of 5v,jt Al :ic . T late, the condition is in-
c .r-'pletely understood and n uooc -ful cure has been found.

This investigation wai perform,2d to obtain as much information as

jr —
systems in which oesophageal carcinoma cells could be grown and
compared wit-, normal oeuop ageal cell- and to fully characterise

normal and malignant oesophageal cells in these systems and in

ethe human host.

Resected tumour specimens and biopsies of normal and malignant
oesophageal mucosa were cultured and classified according to
their growth rate, pattern and potential in vitro. Ultrastruc-
tural studies (using both transmission and scanning electron
microscopy) were performed on normal and malignant oesophageal
celli i- ; and - N Cells”frc continuous oesophageal
carcinoma cell lines were 1inoculated into nude mice and the re-
sulting tumours and cell line- studied both in vivo and in -Itrs

and compared with human tumours and cell lines

Tissue culture provided a useful technique for tumour investigation
and for the continuous production of human oesophageal carcinoma
cells. Ten continuou: e opha :eal carcinoma cell lines were
established and a strong correlation between ability of malignant
cells to grow for lengthy periods in vitro and their tendency to
invade and met 1v ze i- M, noted. In vitro,cells in biopsy
specimen resembled thine from lesected tumour specimens. Nor-
mal oesophageal mucosal culls did not form continuous cell lines

and differed in growth rate md pattern from the carcinoma cells.

Normal and malignant oesophageal calls were ultrastructurally
characterised and several ultrastructural differences noted
oetween n immral and malignant cells and between cells in vivo and

th ise in vi*r 1. Intracytoplasmic Uesmosomes, abundant tono-



f lanients, unidentified intranuclear and cytoplasmic particles

and other unusual orcunslle were bserved in ;ome malignant

cells while normal cell contained unremarkable organelles and
were more uniform in morphology. Malignant cells displayed fewer
and less regular surface projections than normal oesophageal cells
in vivo, but were covered with abundant microvilli ani 1lateral
processes in vitro while cultured normal mucosal cells displayed

few surface projections.

E*ur.t of vhe nine continuous human oesophageal carcinoma ce.il
lines tested oroduced carcinomas in nude mice. terent t*.e
rates and latency periods were recorded for each line and the

carcinomas induced by the same and different 1lines varied ~n

differentiation anti infiltration of surrounding tissues. Although

ail lines were derive.- fro" metastasizing Bunan twours f ne*a- -a ._

was rnly noted in : - ' :le animal . '‘her carcinomas cf the nude

mouse were cultured the resulting ct.l lines disc.eye similarities

tr the hv.-'sr cell liner »nlkct had becn inoculated.

Thu , valid jn i\ (nude mouse) and .—*: model systems for
further studios on oesophageal carcinoma were established and
normal and malignant oesophageal cells were ultrastructurally

characterised.
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PREFACE
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One wee” old litter pro Jjced as a result of
mating a Nu/nu female with a nu/nu male.

The nude offspring can be readily identified

Pregnant nu/nu mouse two days before partu-
i 3 o
Emaciated appearance and enlt"ged lymph nodes
in nude mouse four months after the inocula-
tion of Hcu 16 cells @ ittt it eenneneenanns
Confluent sheet of normal epithelial ceil
(E) growing from explanted normal oesophageai
mucosa after two weet-s B i‘r . Whorls o
fibroblasts (F) are present adjacent to the
epiti elial cells
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Fig. 15
Fig. 19
Fia 20
Fia. 21
Fia 22
Fig. 22

sheet of normal human oesophageal cells e. ver
five days In vi'.r.-

Interference micrograph of a large, irregular,

vacuolated syncytial cell in a three week old
culture of Hcu 25 cells

Interference micrograph showing the large,
irregular, epithelia, cells containing cen-

trally located dense material, whirr grew ra-

pidly in a culture initiated from a lymph node

metastasis in the patient from -vhom specimen

Hcu 22 was obtained

specimen, mcu 31, as seen by interference

microscopy

Interference micrograph of a
giant cell (G) surrounded by
cells adjacent to an explant

large mononucleate
smaller carcinoma
of specimen Hcu r

Interference micrograph showing -

yiant cell
from specimen Hcu 6 in t

process of dividing
and being replaced by smaller malignant cells

The bourrary between malignant epithelial
cells (E) and fibroblasts (F) in a two week

old culture of Hcu 16 cells as evident by inter-

ference microscopy. Fibroblasts encroached on

the epithelial cells which became tightly oacked
and showed reduced mitotic activity —  ......
Interference micrograph showing a tightly packed
cluster of -mall, alow-growing epithelial cells

in a ubculture of Hcu 2 cells

Interference micrograph of a confluent culture
of s-i jonal Hcu 10 cell

W/itro

after three months in

Interference micrograph of Hcu 10 calls ot vary-

ing form and sire in a semi-confluent culture

after ..even months :- i"r ; Paranuclear



Fij.

"i5 e <

granules and vtjicles are evident in nany
f the cell e

Interference micrograph showing tightly
adherent agranular Hcu 13 cells with pro-
minent nucleoli growing in a confluent

ntert erence micrograph of a portion of a
culture of agranular adherent Hcu 13 cells
after eight months in virr 3. Scattered

jnded mi tot; figures (M) are evdoent

Inter *arence micrograph showing angul =z,
loosely adherent Hcu 18 ceils after six
months in .itre = ... ..iiiii..o...

Interference micrograph showing part of e
sheet of adherent agranular Hcu 33 cells
after one month in vitro. Some cells at
the growing edge of the sheet display €£fine
radiating processes (P) @ ceeee...

interference B,-ci ograpr showing rounded,
predominantly agranular Hcu 35 cells of
earying size after four months in culture

.'ter Verence micrograph of elongated
fibroblastic) and rounded epithelial
.bz'cinoma) cell , in a six week o0ld culture

of He. 37 ceil; @ ittt tiiiteannnn

nterference micrograph showing elongated
ana angular Hcu 39 cells after four months
10 d hrc .. il iiiiii o,

interference micrograph showing large ooly-
edral agranular aaenocarcinoma cells grow-
inj from an explant of specimen Hcu 7 after
eight lays in wvi.tr-,. Small fibroblasts of
varying morphology migrated more rapidly
-han t j the epithelial eell.':...............

Interference micrograph showing elongated
B he1;al cells of line B 17 after six
intt—f \;i 5 I

BMvsults if Cluster analysis showing the
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Interference micrograph showing *.*; 'tly
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Interference micrograph of a portion o &
culture of agranular adherent Hcu 13
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rounded mitotic figures (tv} are evident
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loose.y adherent Hcu 18 celle after six
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Interference micrograph showing part of a
shevt of adherent agranular Hcu 33 cells
after one month "“n”"itro. uome ceil- at
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Interference micrograph showing rounded.
predominantly agranular Hcu os cells of
varying size after four months in culture
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Interference micrograph showing elongated
and angular Hcu 39 cells after four month s
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Interference micrograph showing large poly-
hedral agranular adenocarcinoma cells grow-
ing from an explant of specimen Hcu aftei
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varying morphology migrated more rapidly
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Fig- 34
Fig. 30
Fi3- 37
Fig. 38
Fig. 39
Fig. 40
Fi3- 48
Fig. 43

most similar to one another

statistica-1ly linked  ............. ... ...
Results of Cluster analyst . snow

matures
o* the oesophageal carcinoma biopsy

mucosa

Transmission electron micrograph of biopsied
apparently normal human oesophageal celi.-.

Aggregates of fine filaments replaced most

cytoplasmic organelles in the superficial vy

located cells. Variations in c/top.asm.c

density were related to the numbers o.

filaments present

tono-

Transmission electron micrograph showing the
irregular cellular outlines of adjacen.,
superficially -ituated,

normal oesophageal *
cells.

Tonofilaments lie in close proximity
to the opposed plasma membranes which are
thickened at intervals

Transmission electron micrograph of epithe-

lial cells centrally located in normal oeso-
phageal epithelium. Dense rod-like struc-

tures of diameter 45 nm and lengths of up to
a, nm were present in the cytoplasm

the superficial surfaces of normal human
oesophageal cells

ridges on the superficial surfaces of normal

oesophageal cells. Intercellular boundaries

are prominent and elevated

Scanning electron micrograph showing the

variation in number, form and arrangement of

microridges on the surfaces ofadjacent normal
b rollc
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Fig. 44
Fig. 45
Fig. 46
Fig. 47
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Fig. 50
Fig. 51
Fig. 52
fig. 53

A sinning electron micrograph or —jucei riciai
normal oesophageal mucosa showing come ceils
which are denuded of surface projections

A high magnification scanning electron micru-
gradtshowing bulges (8) at irregular intervals
along the microridges on a normal human oeso-
phageal cell @ .t e e e
Prominent intercellular borders between adja-
cent superficially situated normal cesophagea.

cells as evident by scanning electron microscopy

Scanning electron micrograph showing a cluster
of micro-organisms associated with the sur.aces
of normal oesophageal cell:. ... ...,

Scanning electron micrograph of the region

where the duct (D) of an oesophageal gland

opens on to the surface of the normal oesopha-
geal MUCOSEA ettt eeenesoonesesenneessennnesns
Light micrograph of Toluidine Blue-svame R

I 28 oesophageal carcinoma cells. The cells
vary 1in size and density and several contain
prominent nucleoli

Transmission electron micrograph showing a

cluster of 20 - 30 nm diameter particles with-

in the nucleus of a T 24 cell ......... ...,
Transmission electron micrograph snowing
developed tonofilaments (Tt)
desmosomes (ID)
T 24 cell.

veil
and internalized
in a paranuclear position in a
The desmosomes range in diameter
and several layers of cementing substance are
present. Intracellular electron dense pla-
ques (p) surrounded by electron lucent regions
are evident L. e e i e e
Transmission electron micrograph showing
bundles of interweaving tonofilaments occupy-

Transmission electron micrograph of a T 22 cell
containing a paranuclear accumulation of fila-
nm in diameter and differ from the larger cvto-

piasmic Jjl/c .gen ocar tide . (T) e A junctional

area (j) between adjacent cells 1is well developed
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M scanning electron micrograph of superficial
normal oesophageal mucosa showing cjme -ell.3
which are denuded of surface pr ejections

A high magnification scanning electron micro-

grad, showing bulge-. (0) at irregular intervals

along the microridgeu on a normal human oeso-
phageal cell @ . it e e e e
Prominent intercellular borders between adja-

cent superficially situated normal oesophageal

cells as evident by -canning electron microscopy

Scanning electron micrograph showing a cljster
of micro-organisms associated with the sur.acev
of normal oesophageal cells = ... ...,

Scanning electron micrograph of tne region

where the duct (D) of an oesophageal gland

cpens on to the surface of the normal oesopha-
geal mucosa e e e i e e e
Light micrograph of Toluidine Slue-stained

I 23 oesophageal carcinoma cells. .ne cells
vary 1in size and density and several contain
prominent nucleoli

Transmission electron micrograph showing a

cluster of 20 - 30 nm diameter particles with-

in the n leus of a T "4 cell ...............
Transmission electron micrograph showing well
developed tonofilaments (Tf)
desmosomes (ID)
T 24 cell.

and internalised
in a paranuclear position in a
The desmosomes range in diameter
and several layers of cementing substance are
present. Intracellular electron dense pla-
ques (p) surrounded by electron lucent regi ims
are evident

Transmission electron micrograph

showing
bundles

of interweaving tonofilaments occupy-
ing most of the cytoplasm of nT 35 cell

Transmission electron micrograph of a T 22 cell

containing a paranuclear accumulation of fila—

mentous material (F). The rilaments are o-L4

nm in diameter and differ from the larger cyto-
plasmic glycogen particles (u) . A Jjunctionai

area (j) between adjacent cells is well leveloped
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Transmission electron micrograph showing
multiple fine filament: forming a 2 - - >un
band around the degenerating nucleus or a
T 22 cell. The entire structure appears

to lie within the cytoplasm of another cell

Tiansnission electron micrograph showing
fine filaments of diameter 8 - 12 nm in the
cytoplasm of a T 24 cell which is situated
close tc the boundary between tumour ceils
and stroma. Membranous folds are present

at intervals

Transmission electron micrograph of bizarre,
whorled, granular bodies ['fij in the cyto-
plasm of a giant T 24 oesophageal carcinoma
cell in wvivo. Internalised desmosomes [IDi
and aggregates of tonofilaments
present

Iffj] are also

Transmission electron micrograph of a T 24

cell showing part of a whorled granular bo~y

with concentrically arranged 15 - 19 nm mem-

branous profiles between which are located
16 - 19 nm particles. A centra, electron

dense inclusion is present = ... ... . ...
Transmission electron micrograph showing
paired membranous profiles apparently in the
process of forming a whorled cytoplasmic body
(W) in a T 24 cell. Electron oenss tonofila-
ments (Tf) are well developed ........cccco...
Transmission electron micrograph showing a

3 4 /U' diameter membrane-bound cyt plasm ic
oody in a T 23 cell.

The structure contains
lipid (L), glycogen (g)

and particulate matter

Transmission electron micrograph showing por-
tion: of adjacent dart- and light T 29 cells.
Mitochondria (M) with tubular and circular

cristas are present in the light cell.

Scanning electron micrograph showing the
sparse, irregular microplicae and scanty
microvilli on the superficial surfaces of
biopsied malignant oesophageal cells  ......
Transmission electron micrograph showing the

stratified arrangement of normal human oesopha-
geal cells in vitro. The more super,icially
situated cells contain more tonofilaments and

fewer organelles than those located basally
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Fig. 63
Fig 54
Fi '. 65
Fi- se
Fig 67
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Fig. 70
Fig. 71

Scanning electron micrograph o: elatrgned
normal oesophageal cells near the growing
edge of a ceil sheet. Cell boundaries are
indistinct and sparse fine sur'ace micro-
villi are present ...t i e
Scanning electron micrograph showing the
branching attachment fibrils anchoring a nor-
mal oesophageal cell to che glass “uostravj

Scanning electron n.icrograpn of tme complex,
well developed intercellular interdigitai-on,
oetween adjacent normal oesophageal cells
Y0
A fine meshwork of branching processes suoer-
ficial to cultured normal oesophageal cells
as revealed by scanning electron microscopy

Transmission electron micrograph o* cells

a primary culture initiated frcr an explant
of specimen Hcu 50. Lipid droplets ;L) are
abundant and a myelinoid body (B) is present

Transmission electron micrograph showing multi-

layered Hcu 13 cells growing on the plastic

surface of a tissue culture flask a* ter tfe :
fourth successful subculture.

bands of paranuclear tonofilaments (Tf) and
are joined by numerous well developed desmo-
somet (D). Electron dense myelinoid bodies
(MB) are prominent in the basal cells ......
Transmission electron micrograph showing well
developed tonofilaments which have replaced
most other cytoplasmic organelles in a super-
ficial cell of the line 85 after three months
in vitro. Den e aggregates of paranuclear
tonof ilaments are present in the adjacent
cell

Transmission electron micrograph showing the

thickened plasma membrane or marginal hand bor-
dering a highly differentiated Hcu 13 cell which

is, filled with a me .hwork of fine filaments.

This cell was prepared for electron microscopy

by pelleting

Transmission electron micrograph showing intra-
cellular desmosomes with, associated tonofilaments

in the cytoplasm of a Hcu 13 cell after six
months in vitro

me more super-
ficial and better differentiated cells contain
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Transmission electron micrograph of inter-
neUsed hemi-desmosomes in a Hcu 3% cell
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Transmission electron micrograph depicting

the irregular nuclear outline in a culture:

hcu 13 cell. Profiles of annulate lamellae
(AL) are present adjacent to the involuted

157
nucleus

Transmission electron micrograph of a portion
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surrounded b> clear nalos = ... .i.iiiiiiie.. 166
Transmission electron micrograph showing a pro-

minent cluster of 20 - 30 nm particles in a

peripheral position in the nucleus of a Hcu 1lo"
cell prep -red for electron microscopy by pelleu-
ing ter 15 passages. Bundle, of tonofilaments
in the cytoplasm reflect the retention of di'feren- *
tiated functions ... i i i i i i i e
Transmission electron micrograph of a clearly
defined cluster of intranuclear particles in a
169
Transmission electron micrograph showing two
Hcu 18 cells in the process of completing telo-
phase. The cells are Jjoined by a Zwischen-
<9rper with associated microtubules  ...... 170
Transmission electron micrograph of regular
electron dense cytoplasmic rods of diameter
45 rn in a Hcu 13 cell after 25 passages 172

Transmission electron micrograph showing a
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45 nrr in
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section in a Hcu 37 cell ... i, 172
Transmission electron micrograph showing cyto-
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37 cell e e
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173
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Transmission electron micrograph of ? para-
crystalline body (PB), which consists of
parallel array of fine filaments, in close
proximity to mitochondria in a cell of line
Hcu 33

Transmission electron micrograph of a fila-
mentous paranuclear body xn a Hcu 17 cell.
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ituated in the nucleus = ...................
Transmission electron micrograph depicting a
me.'hwork of fine filaments, between which are
mitochondria, in the cytoplasm of a Hcu 10 cell
prepared for electron microscopy by pelleting

Transmission electron micrograph showing well
developed annulate lamellae in the paranuclear
cytoplasm of a cell of line Hcu 13

Transmission electron micrograph showing pro-
files of opposed membranes forming confronting
cisternae (C) in the paranuclear cytoplasm of
a poorly differentiated Hcu 10 cell

Transmission electron micrograph showing
branching profiles of dilated electron dense
rough endoplasmic reticulum in a rapidly grow-
ing Hcu 1 cell after four months In vitro

Transmission electron micrograph showing
spherical vesicles budding from the golgi
apparatus 1in the cytoplasm of a Hcu 13 cell

Transmission electron micrograph showing a
dense particulate aggregate of glycogen in
the cytoplasm of a B 17 cell

fO Scanning electron micrograph showing cells of

91

92

line HculO on the surfaces of which micro-
villi are well developed

A hi ;h power scanni J electron micrograph
showing the artangement of microvilli on the
surface of a Hcu 10 cell  ..... i,
Scanning electron micrograph showing well
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angular Hcu 18 cells

93 Seaming electron micrograph of long branching

lateral processes extending from the peripheral
realon of a Hcu i.8 cell
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Scanning electron micrograph of cultured
Hcu 13 cells which are connected by well
developed intercellular bridges. Micro-
villi are fine and short  ...................
A higher magnification “canning electron
micrograph giving a more detailed view of toe
intercellular bridges which connect adjacent
Hou 13 cells ittt ittt ittt
Clearly defined mobile tumour nodule in a
suprascapular position in a male mouse which
was inoculated with Hcu 13 cells  ..........
lar.ie, clearly defined mobile tumour in M 27
induced as a result of the inoculation of

Hcu 33 cells

Large, lobulated suprascapular tumour infil-
trating adjacent tissues In M whic® was
inoculated with Hcu 16 cells  ......iiiiin...

La-ge cystic tumour stretching the overlying
skin in M 31 which was inoculated with B 5
=

Bilateral tumours in M3 v”ich was inoculated

with Hcu 13 and Hcu 10 cells in the right and
loft suprascapular- regions respectively.

The tumour induced by the inoculation of Hcu
13 cells appeared sooner and grew more rapidly

Emaciated mouse XI with enlarged lymph nodes
containing metastatic deposits of the line
HCU 16 ittt i it et et ettt et e sneeneneeanas
Mouse 21 five days after the removal of a

large mobile tumour induced by the inoculation

of Hcu 33 cells. A small skin nodule resembl-
ing a wart(w)was pre ent anterior to the incision

Transmission electron micrograph showing lie
and dark carcinoma cells of the moderaiely
differentiated tumour 13.M . Enlarged tionse
nucleoli (Nu) and aggregates of paranuclear
tonofilaments (Tf) are evident in the dark
T
Transmission electron micrograph showing a
dense paranuclear aggregate of tonefilaments
in a cell from the metastatic tumour 18.X1
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Transmission electron micrograph showing
portions "'f apparently healthy 31
surrounding a necrotic ce.l wt ich contain.:,
fine cytoplasmic filaments, a few dense
bodies, but otherwise sparse organelles,
and is bordered by a marginal band ......
Transmission electron micrograph of the
thickened plasma membranes bordering wo.l
differentiated 13.M25 cells whicl are filled
with filamentous material. Undid Led deamc. -
somes of varying morphology are prese 1, at
intervals between the opposed membranes

Transmission electron micrograph showing
bundles of tonofilaments in the cytoplasm
of a 13.M1.M10 tumour cell which also dis-
plays both intercellular desmosomes (0j and
internalised desmosomes (ID)  ....ceeenenenenn.
Transmission electron micrograph of an area
of tne nucleus of a 13.M1 tumour cell whicn
contains a cluster of 20 - 30 nm intranuclear
Particles i e e
Transmission electron micrograph of a cluster
of 20 - 30 nm particles in the cytoplasm of a
cultured 13.M3 cell @ ...ttt
Transmission electron micrograph showing
granules (G) of varying sizn and density in
the cytoplasm of a cultured 13.Mo cell eee

Transmission electron micrograph revealing
rod-like structures which resemble mycoplas-
mas 1in the cytoplasm of a 13.M <call in

in the nude mouse

Transmission electron micrograph showing whorls

(W) of endoplasmic reticulum with associated
ribosomes in a 13.M3 cell in wviv''. >uct
structures occurred typically in close proxi-
mity to lipid droplets (1)  ........ .. ...,
Transmission electron micrograph depicting
the aggregates of fine filaments (£ ) whic I
occupied large areas of the cytoplasm ot
13.M3 cells 1In VIVO @ ittt eennnenennns
Transmission electron micrograph of an area
where an induced carcinoma is invading adja-
cent muscle in situ in the nude mouse. A
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- iorly differentiated 13.M5 cell containing
dilated rough endoplasmic reticulum (En)
lies adjacent to a striated muscle fibre

Transmission electron micrograph of a bundle
of collagen fibre (Co) w ich 1is surrounded by
moderately differentiated 13.Md cells m

Scanning electron micrograph showing the col-
lagen (Co) and branching reticular fibres
which comprise the capsule around a mobile
carcinoma in a nude MOUSE . ...t nennnnn
Scanning electron micrograph showing nuoe
mouse passaged Hcu 13 cells in primary cul-
ture. The malignant epithelial cells (EJ
which are regular in shape and possess fcw
surface projections are bordered by elonga-
ted overlapping fibroblasts (F) of mouse
o3l e i o Y
Scanning electron micrograph of subcultured
13.M1 cells some of which show well developed
surface projections while others are rela-
tively denuded of superficial processes
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6 evere disease which generally

I; nopale.Sf = Ir: .n aggravated by the fact that often
197 ) and In some part of the world oesophageal carcinoma is
majc HM-ause of death. Thd malignancy gradient increases from

- !)l -1 +t &t oesophagu: (Rubin, 19' i, so that oesopnageal

;ar inoma is one of the most malignant of the gastrointestinal

neoplasm '-'agclman o' n M, 1579). The majority of oesophageal

]
:97""9 Gotha at at., 1973: Yang, 1980). The disease isoften
associated with multiple, primaries (Gillis and Carter, 1376)ana

BMetastasif tc ubdiaphragmatic areas has been reported in bO per

Bf al . iwer t drd lesions (Fagalmanet al l, 19 O

:NCIDLNCL OF OE.bQFHAGE<\L CARCINOMA

, 1 .ncidence of carc noma of the oesophagus varies *
e any -trier type t alimentary tumour (Rose, 197')
A .rg( frequency differences are often in close

, B ,ron o< highest incidence of carcinoma of the

Jjphugu h ' taspian ttoral, including parts of Iran
fe<oil 7) ini'the Guriev regions of Russia (kairak-
.. ,nd Nesipt /, '10), f-. akf.rtan in Russia (Qillis and Carter,
e:. en.irthhrn nriion' if China (Miller,1973; Yang, 19.30)
utli id. Africa (Cook, 1971). To complicate the
, u ! ,gh and low frequency may be found within the

LAy il t e H! ipf-.aguc belt (Gillif and Carter, 1976;



and this tumour has a greater variation of frequency in Africa shan

any other (Cook and Burkitt, 1271; Aarwic -nd Harington, % 3)

as well as showing temporal variation (Gillis and Ca;-.er, - A ;

Haa” and Schottenteld, 1 )e

The incidence of carcinoma of the oesophagus seems to be increas-

ing in many parts of the world and is said to have reached epide-

mic proportions in parts of the Transkei (Warwick and Harington,

1973; Rose and Me Glashan, 1975). No adequate explanation has

been found for this increase in incidence, and the increased

mortality of the Black population of southern Ateice shows .ittle

gesl cancer is of recsnt origin :n Blacks in South Africa (Keen,

1973) and has only been a clinical problem since 1950. Few

cases of carcinoma of the oesophagus were reported -

(Silber, 1973).

'ore
This differs from the situation in China wnerf

records of the disease date back 2000 year”® ang, 19-0).

In southern Africa carcinoma of the oesophagus occur witl t

highest frequencies in men in the Cape Province, Tra- ,ei and

Durban where it accounts for 16-30 per cent o' dmgnosec

mours (Cook, 1971; Gillis and Carter, 1976). 'he frequency

the disease appears to be increasing in most African populations

of southern Africa and a six-fold increase wa, reported at Bara-

gwanath Hospital near Johannesburg between ..550 and 1909 iHiggm-

son and Oettle, 1I960). Both urban and rural popula*ion: are a:

risk (Harington and Bradshaw, 1978). Ir Johannesburg there has

been an increase from 10,3 per cerh of all liagnosed African

mours in 1950 to 27,5 per cent in 19C4 (Rost, .92 ), w

parts of the Transkei carcinoma ol thj oesophagus account:
47 per cent if all diagn ,:,ed tumours in malu (Rose, 1975).
the Transkei the incidence increases from areas of low Incidence

in the north east to areas of high incidence in thv south witt a

rate of 116 per 100 000 (Rose, 1973). Although better diagnosis

may be responsible for ime v the statistical changes, the na-

ture of the disease and the methods of diagnosis are such that

much of the statistical change is 1likely tc be du to genuine

changes in distribution.



Although the disease has been claimed to affect older individuals
Ca5= , 1961; Van :, 1- 0) anti m - studies nave oeen done on people

from 35 - 65 years of age, the a.:- incidence o' t-; tiimour appeal s

to be dropping and cases in teenage individuals nave been reported

(Rose, 1373; Brinton, 1930, perscomm.).

Many patients with t, is neoplasr are seen at King Edward VII: and
King George V Hospitals in Durban each month and because of the wvnry
large population at risk further understanding of the causes of

oesophageal carcinoma anti its treatment are imperative.

1.2 SEX RATIO

Although carcinoma of the oesophagus is commoner in males fGillis
and Darter, 1976), the male to female ratioc vary tremendou-ly in
different parts of the wjrld (Langman, 1971). Tne sex discrepancy
is not very marked in the Transkei where the male to 'emele ratio
has been quoted as 1,5 ; 1 (Cook, 1971). In the area of highest
incidence in Iran and male to female ratio is 1 ;i,53 ;3o0se, 1973)
though this ratio varies with age (Sadeghi et alB, 197'j and the
sex ratio reverses as tne ncidence decreases v3ose, ).

China the male to female mortality ratio for carcinoma o tne
oesophagus is 2 : 1 (Mingxin et al-, 1950) while in the high inci-
OL-ice areas of France the male to female radio is 30 1 anc m
American Negroes 4 : 1 (Rose, 19'/8). In South Africa it has

been suggested that Black men livi Jj in towns are more susceptible
than their female counterparts (Rose. 1973) and at both King Etiwai d

VIII and King George V Hospitals in Durban more male than ;emale

patients with oesophageal carcinoma: are seen.

1. 3 APT IOl W -

As with most other tumours, the aetiology i* carcinoma ol the
oesophagus 1is still incompletely understood although it has been
extensively nvestigated both in South Africa and in other high
incidence areas. Many theories concerning aetiological agents
have been proposed and the involvement of multiple factors with

this disease has been suggested. Understanding the aetiology of



a di -ease is an important step towards it. control and prevention.
No unifying hypothesis explains t e varied epidemiological picture
presented by oesophageal cancer in different part, ¢ t-e wond
and no single factor has been found which accounts tor its diver-
sity in geographical distribution and sex ratio or its cnang.ng
frequency (Haas and Schottenfeld, 1973). Carcinoma of the
oesophagus appears to be a disease of the environment (Gillis and
Carter, 1976), though this relationship is very complex and tng
cultural environment and social customs and habits may also be

extremely important.

The epidemiology and aetiology of carcinoma of the oesophagus

have been extensively investigated by many workers throughout the

Cummings, 197.; Gatei et al., 1973; Nunn et al., . -5 fose,

197 ; Van Rensburg, 1973; Coo -t.'ozafarri et al., 1979; Leviso-

etal., 1973; Tuyns et a:., 1379). Numerous aetiological agents

have been listed and a few of the more favouredones are briefly

di-cussed in the follow.ng sections.

1. 3. 1 Nitrosamines

Magee and Barnes (1956) demonstrated that dimethyl-nitrosamine was
acutely hepatotoxic to a number of laboratory animal species.

In recent years the presence of nitrosamines in rcod has *

clearly demonstrated (Bogovski and Walker, 1'7.;,/ and the possible
role of nitrosamines as causative agents 1in oesophageal carcinoma
investigated. However, although nitrosamines are potent carcino-
gens n many experimental animals (Warwick and Harington, 19/3)
their role in oesophageal carcinoma is still unclear. In China
there is a correlation between fluctuating nitrate levels and inci-
dence of oesophageal carcinoma (Yang, 19dD) and, in addition,
salivary nitrates are higher in patients with epithelial dysp:a..ia
or oesophageal carcinoma (Yang, 1930). In the Transkei high
nitrite and nitrate concentrations in plant materials maybe re-
lated to a soil molybdenum deficiency (Nunn ctalM,19 O since

molybdenum is a co-factor of the enzyme nitrate reductase which



affect: nitrite and ni'ret J content:, in plant. (Yang, 1930).
Areas *ith a i .ItWoesoo i:—u. tum jur rate & w dec? eaie- in -
fertility (Schottenfeld, 1375). Plants treated with nutrients
such as molybdenum contain far lower levels of nitrosamines

Nunn et al.. 1973). Fungal contamination of food material may
also promote synthesis of nitrosamines. Ine association between
oesophageal cancer and presence of nitrosamines is currently

being investigated in South A'rica.

1. 3. 2 Tnnacc :

The incidence of and mortality rates from carcinoma of the oeso-
phagus are two to s-x tumes greater in ,n,o<ers vA'yn ,e: i
1975) than in non-smoker .. On the other hand many patients who
suffer from this disease have never smoked and the habit is un-
popular in tne Or..plan littoral and in China (Yang, 1990).
Though a higher ris in pipe sro<er has been reported, Gillis

and Carter (1976) claim that tnere is little difference in the

population at higher ri ,< includes tnose who chew tobacco and
mixtures of oete. quid and tobacco .Varwic- and Haring:on, 19 u).
There 1is also a correlation between carcinoma of the oesophagus
and the smoking of unprocessed sun-dried tobacco. Many smokers
show hyperplasia of the oesophagus and trachea, a condition which
may predispose to malignancy (Warwick and Harington, 1973).

South African tobacco has a higher than usual content of nitrate
and nitrosamines presumably because of frequent, droughts (Warwick
and Harington, 1973) and these substances may predispose to malig-
nancy as suggested above. A habit among the Xhosa peopic iresi-
dents of the Transkei) 1is the sucking of alkaline pipe o0il to get
the maximum usage out of the tobacco (Warwick and Harington, 1973).
This habit is especially common among the women and may be asso-
ciated with the very high incidence of carcinoma of the oesophagus
among females in the Transkei though the incidence is still less

than in males.



1. 2.3 i PELRE

The ingestion of large quant.ties of ale 3 oi hat. ai”o been tenta—
|
1979) . Tobacco and alcohol may act synergistically (Wynder and

Bross, 1961), fry excessive exposure to tobacco and alcohol is

with carcinoma of the oesophagus is not traightforward fuiln- an.
Carter, 19r ¢. particularly » the local inhabitants of thr Cas-

pian littoral neither smoke nor drink alcohol.

A number of ways in which alcohol may act as a carcinogen nave
been suggested; it may have a dehydrating effect on the oesopha-
r .3 anp, in this, wa., damage 1it, or be a cause of mainutrition ann
work together with other factors, or may ¢ t as a solvent for car-
cinogens (v.arwick and Harington, 1973). Vaize beer , which is
widely used in the Transkei may have some carcinogenic component
(Coo;— , 1971) and the effects of Trans<ei beer on rats have been

investigated (Van RensOurg, 13' , with equivocal results.

1. 3. 4 Dietar, pattern

Diet is an obvious factor to be investigated in tumours of the
alimentary tract (Lowenfels and Anderson, 1977) as all ingested
substance, have contact with the oesophagus. T"e d.etary e*eecL
may be attributed either to the ingestion of carcinogenic agents
such as nitrosaminc - and fungal toxins (Enomoto and Saito, 13-3;
Schoental, 1930) or to some dietary deficiency. After nitro-

samines, which are potent site-specific oesophageal carcinogens,

the mycotoxins represent a .econd major chemical group of suspects

in the aetiology of oesophageal cancer (Me Glashan, 197 ©

In Africa there is an association between maize cultivation and
oesophageal cancer (Cook, 1371). >he predominant 1 i u: HE
species infecting maize in Southern Africa is also one of the
fungi most frequently a-sociated with foodstuffs in the high
oesophageal carcinoma incidence regions in northern China and

Chinese isolates of tnis species have been shown to induce the



forr ition of several carcinogenic nitrooamines (Mmjxi Bl — —5— o'
1979"'. The fact that me.'.;-. 5 deficient in tryptcpha”, in-
essential amino acid, ma> h,;v some foaring on oesophagea. car-
cinoma. Other dietary deficiencies may also be associated witn
oesophageal lesions, particularly since carcinoma o* the oeso-
phagus orcurt frequently Lr people of the lower so'-io—econor

classes (joint Iran International Agency, 1977; Cooh-Mozafarri

Vitamin A is associated with t a maintenance of squamous epithe-
lium and normal differentiation of epithelial cells and inhibits
the differentiation of normal squamout epithelium (whopra an
Flaxman, 1975; Hogan, 1979) and a defici.ncy may cause metapla-
Cjia of tne oesophagus and hyperKerato.. ~. However, since -ne;re
is no particular lacK of vitamin A in African populations its

role in oesophageal carcinogenesis is tenuous. A de:iciency of
riboflavin may cause epithelial changes such as hyperplasia and
atrophy as well as an increased mitotic rate (Warwick and Haring-
ton, 1973). Riboflavin deficiency i1 common in areas where

diets are also low in nicotinic acid (Ribet, 1980) and the com-
bined deficiency damage the oe: ophagu and may predispose to
cancer of the oesophagus (Warwick and Haringtcn, 19 -';. ZihL
levels are lower in oesophageal cancer patients than in norma”
subjects (Yang, 1980) and it has been shown that a zinc deficiency
may cause epithelial 'yperplasia and result in an oesophageal
lesion. Iron “ici ncy may also occasionally cause oesophageal
lesions (Robbins, 1974). Therefore the possible role of dietar>

factors in the aetiology of oesophageal carcinoma cannot be

ignored.

1. 3. 5 Genet ic predi p-mitinn

Genetic difference” which express themselves in altered suscep-
tibilities to oesophageal neoplasms may account tor differences in
the distribution anc sex ratio if carcinoma of the oesophagus.
Ethnic variation i apparent in some areas though it is difficult

to separatu gl oetic, environmental and cultural factors (Gillis,



1973). In the Lin>ian province of China the disease "s ..ee
record d i- close relativeand this observation may be attri-
buted to the influence of e strong carcinogen in a family whose
resistance is low (Ye ,g, 1930). There is no other positive
evidence of genetic susceptibility to this tumour (Gil-is and

Carter, 1976), nor is there correlation between olood group anti-

19* d» Hart nan and Staven, 1 '1). The only presumed genetic, asso-

ciation is with tylosis, an abnormal hardening of the palms and
sole: inherited as a dominant character; tic (Howeli-Evans et e . ,
1953; Gilli", 1979),though even this association has been ques-

tioned (Langman, 1971).

1. 3. © Local oe-iorhajeal condition:

Carcinoma of tiie oesophagus has been linked with previous gastric
surgery and stricture md acha. asia of the cardiac regie 1uij-"is

and garter, 1976) as well as ither damage (e.g. burns) to the

oesophagus. Cells in a oamaged oesophagus show high proliferative
activity and this may oe linked to the malignant condit-o" (Gillis
and Carter 197:). The use of ernetics which is a cultural habit

practised by muny of the inhaoitents of the Transkei may be a pre-
disposing factor for carcinoma of the oesophagus as constant usage
of substances causing vomiting may result in over-exposure to
gastric contents with resultant injury (Wciwick and Harington,

1973) and subsequent rupture of the oesophagus.

1. 3. 7 Oncogenic viruses

As many onimal viruses are oncogenic the possible role of a virus
or viral agent 1in the aetiology of ocesophageal cancer cannot be
overlooked (Green, 1977). A number of viruses which induce tu-
mours under experimental and natural conditions have been identi-
fied (Zur Hausen, 19 30). Members of the Herpes virus group have
been po itively a .sociated with natural cancer in human beings
(Green, 1977, Zur Hauser,, 1975 and 1930), several oncornaviruses

(Types B, C and D) have been isolated from continuous human cell



r-ies Breen, 1972) and A and B particles have been observed ir Hela
cell » (Gelderblom o: . e, 1274). An interesting finding in rela-
tion to oesophageal carcinoma was the recent identification a i
type retrovirus in a continuous oesophageal carcinoma cell line
established from a 3h , n nhey (Huoin t s:., ..97; Rat :n * ,c-D
1979; Rabin et ai., 1931). A virus has also been implicated in
outbreaks of carcinoma of the oesophagus in Masai cattle in a river
valley in Kenya (Plowright et ai WM. 1971; Jarrett, 19/-O but mere
is no evidence as yet of wviral involvement in men. The associa-
tion between the possibility of virus infection ir cattle anu 'u-
man cancer is difficult to define (Gillis, 1978) though Scottish
families and individuals 1living in close proximity to cattle uav—-

developed cancer at various 5-tes within the alimentary tract.

A viral aetiology could partially explain the apparently epidemic
rise of oesophageal carcinoma ir the Transkei and the fact that
the disease is more prevalent in certain regions than -1' Ouhera.
An oncogenic virus r'ey act either alone or in conjunction v.ith
other co-factors such as genetic cor titution, poor diet, en-

vironmental carcinogens or immune deficiencies.

1. 4 SUMY2A',

Much remains to be learnt about the aetiology of oesophageal
cancer and the genetic and environmental associations with this
condition. The aetiology of cancer of the oesophagus is complex
and understanding the epidemiology and aetiology of this disease
may provide informati n which will be of eventual benefit to the
patient. This i of particular relevance to South Africa and

other parts of the world where there 1is a large populhcion at



a :';T-vaailCT ; j>.
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The pain purpose of thi investigation ivas to 1ote”n information
Whict would extend the current Knowledge of oesophageal carcinoma
and be of some relovance to patients afflicted with this condition.
It was hoped that laooratory work would provide information of
clinical relevance. Studies performs: on normal end malignant

oesophageal cells involved t--.sue culture, >anning and trans-

mission electron microscop. if cells --' and - r, anc a
comparison of malignant cell growth and morphology - , and
in vivo in a tolerant host. Wherever possible cell behaviour
and morphology m : war ..ompared with that 1" . The
inter-relationsnip. between in .ivc and '-ro studies are

summarised in Fig. 1.

Carein 'me of

the
IN VIVO oesophagus
NUDE MOUSE
IN VITRO TISSUE CULTURE
CELL I.INLJg
1, 2, 3
Fig. 1 A diagrammatic representation of thu relationship

between in vivo and .n V.r' studies.



i NORMAL F .K-* : ''vg !

Before attempting to interpret abnormal structure it 1is essential
to characterise the normal so thu* any deviations Trom the normal

can be recognises.

The normal human oesophageal mucosa consistu of a s”rasif tas
squamous mon-keratinising epithelium which is continually renewed.
Both tne histol -g/ (Lee. onand Leeson, 1973; Desmet and iytgatl,
1974; Har, 1976; Ah. )din, 1974; Bloom and Fawcett. 1975;
Gardner and Dodds,197:; Hopwood ot al., 1977; Junqueira e. allk
1977; Logan et al., 1977; Weiss and Greep, 1977; Copenhaver

et al., 1978) end the ultrastructure of the normal human oeso-
phageal mucosa have been investigated "Ahodin, 1963; Desmet
and Tytgat, 1974; Al Yassin and Toner, 1977; Hopwood et al.,
197'-; Logan et al., 1977; Hopwood et al., 1978; Logan et al.,
1978), end surface studies (using scanning electron microscopy)
on normal human oesophageal epithelium have also been performed

(Ac— eman et a:., 1976; Al Yassin and Toner, 1977).

Although tne ultrastructural changes in human oesophageal epithe-
lium. in oesophagitis have been reported (Hopwood et al., 1979),
the ultrastructure of tne malignant oesophagus n viyp has been
largely neglected. While the light microscopy, histooathology
and exfoliative cytology of carcinoma of the oesophagus are well
documented (Meicsner and .'.arren, 1971; Pearson and Le Roux, 1974
Robbins, 1974; Vilardell, 1974; Botha et al., 1978; Brinton,
19706) most ultrastructural studies (apart from a paper by
Robinson and Gregory, 191) reported in the literature relate to
oesophageal carcinoma cell., growing in vitro (Bey et al., 1 - ';
Laboratory Section, Peking, 1976; Ni hihira et al., 1979;

Rabin et al., 1981; Robinson and Maistry, 1981). However it

is not known whet effects in vitro culture has on cellular ultra-

structure.

Several studies have been carried out or. general tumour ultra-
structure 'n vivo (Ghadially, 1975; Gonda et al., 19 :; Birbeck

1976; Bobel and Margquet, I960) as well as on morphological



ai. -3 auring uancsr development (Sugar, 137d) and on mechanisms
of invasiveness (Tickle St. al., 1J7B), and studies on oesophageal

r» rcinoma cells may supplement existing knowledge.

Normal and malignant oesophageal cells were carefully studied _2
vivo, so that any effects of ;n growtn which were expressed
morphologically could be recognised. Tne more that is learnt
about the normal oesophageal muco .a and factor:, at; acting 1it,
closer one may approach an understanding of the changes occurring
.n oesophageal carcinomas. Recognition of structural and otrer
morphological features typical to malignant oesophageal cells may
facilitate early detection of neoplastic and preneoplactic oeso-

phageal lesions.

2. 2 USE AND T.IpOPTAIXE 3F \U IN VITRO SYSTEM

Since in vivo investigations are limited by moral and ethical con-
siderations, a model system in which both normal and malignant
oesophageal cells and the factors affecting them can be studied

in a controlled environment is useful. Tissue culture provides
one such system although the extent to which cell growth in vitro

approximates that in vivo is not known.

2, 2. 1 Culture of normal and malignant oesophageal cells

The culture of normal and malignant epithelial cells is of bio-
logical relevance since epithelial cells perform differentiated

function:., such as keratin! ation, which con be studied in vitro.

Because of 4ts availability and the ease with which it initially
grows in vitro human s in has been extensively cultured (Green et.
al., 1977; Fuch . and Green, 1978; Marcelo e. al l, 1979; Sun and
Green, 1978; Spie and P’Brian, 1979). Serially cultivated human
epidermal cells retain many differentiated functions and form
stratified colonies, make cornified envelopes and synthesize
keratin. (Aheinwald and Greet., 1975; Green, 1 '78). Botn normal

and highly differentiated malignant oesopnageal cells may do 1like-

wi o. Although normal oc iuphageal mucosa shows no true surface



i B (Desm t and Tytgat, 1974), some of the sur-

IK mayhave keratohy line granules and in the case of

5, gt - n ne, - o the well differenti ated cells are

~ (tinxsed.

£

* e
sc iropprties may be related to the process of
A compar -.n of the :0 “~Itr* grows-

:,0 ;y o normal and malignant oesophageal cell=

lations, and

eeC tills :n vis-o may p-ovide = useful model for

:-nvided the cells maintain, if -

idracteriuti. and specific functions of their tissue
/c t and Fus nig, 1979). Obtaining specimens of
.eg *1 u, p, —ad ethical problems and even when

| p nt 1 normal oesophageal mucosa away from the

Ie .ions were obtained during operative re-

t - no guaranteu that the mucosa was normal and did
rt i durLog endoscopic examination for other condi-
n t be completely normal. In spite of these limi-

ir :nc  nvestigation of apparently normal oesopha-

: calls was attempted.

m the necessary adaptation to if, Yi
Avel perg and F nnegan, 1974), they have a limited
\.B- and norr >l adult cell, rarely form continuous
j X ,. yv 'ein and McLaren in 1957 reported the
ml n oe ophageal cell strain from an explant of a
w id" 1 £1i t la from a one day old infant,
c,jl it;rain v not further described and there are no

- r 'e - in the, literature to cultured normal oesophageal
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The establishment of continuously growing cel

malignancies is infrequent (Giard et al., IS 3; Tt .
and the success rate in establishing cell Lino 'r

cimens varies from one site t anot -or (¢t in >u -

lines derived from tumours of the -r:-v r

(Rounds, 1970; Bloom, 1972).

Seven continuously growing oesophageal

been reported in the literature, six fi m on H
al., 1976; Department of Cell Biology ' 'y C
the Chinese Academy of Medical Science (CK A ,
tory Section, Peking, 1976; Nishihira et al. B

and one from a Rhesus monkey (Rabin et al., )e
these cell lins (Bey et al., 1976; Laborator 5«
1975; and Rabin et al., 1978) were established
nant tumours which resulted in death of the ho

is un<nown for the pati nts from whom lines Eca 109 (Depar-e

of Cell Biology of CICAMS, 1976), EC 56 (Yang, 1980) and TE-1
TE-2 (Nishihira et ul., 1979) were established. ihe line u '
562 was initially described as being of oesophageal origin u
actually arose from the pleural fluid of an adult tamale wit

metastatic adenocarcinoma that originated in the upper phar/n-

(W.D. Petersen, Jr., pars comm.).

In this investigation both biopsy and resected specimen: of ::e -

phageal carcinomas were cultured in order to obtain cont inuou: i
growing neoplastic cells to provide a basis for further work.
The availability of more and different oesophageal carcinoma lint

will increase the scope for investigation in this field, and cor -

parison of lines established in South Africa, with those from
elsewhere in the world may facilitate recognition of similarities

or differences in the disease here and, for example, in China.

The continuous lines provide a useful source of material for oil.

structural studies, investigation .on tumorigenicity and metarta-

lc ,production of monoclonal antibodiu and tudie" a in., the?

or* cacy of anticancer agents.



2, c CORRELATION jJET.V-Er: IN VIVO AND IM VITRO BEHAVIOUR

The usefulness and importance o* continuous malignant cell lines

lies in their retaining 1/, the features typifying the neo-

plasm in vivo. Cells 1In ': are growing in an ar ificial two-

dimensional environment which nay affect many cellular oper’e”.
Adaptational changes should be rInimal in primary short-term cul-
tures and the main advantage of such cultures is their relative
normalcy and the absence of the morphological aberrations that
develop in the course of long-term cultivation (Morasca — _al.,
3.976; Vasiliev and Gelfand, 1977). A recognition c~ the adaot.a-
tional changes that occur in i:r may aid in the under -an .nj

of cellular functions as normal and malignant cells may respond
differently to varying environmental conditions. Consequently,
the current studv was undertaken to compare normal and malignant
oesophageal cells in vivo, with similar cells in vitro after vary-
ing time intervals. Several oesophageal carcinoma specimens

were studied as in it: . tumours, as primary cultures and as early
and late passaged cultures in order to facilitate comparison of
cells at all these stages, while primary culture., of normal oeso-
phageal mucosa were also investigated. Furthermore normal and

malignant cells were studied under closely similar conditions and

growth patterns and morphology effectively compared.

2. a. 1 Ti. .,je culture and .r -:n i-

Survival in malignant neoplasma may be influenced by clinical
features such as the stage of the disease and the size of the

lesion (Rubin, 1973) and by pathological features such as histo-

logical differentiation (Takita et al., 1977), blood vessel inva-

sion (Snlsbury, 1975) or lymphocyte infiltration as well as by
competence of the immune system (Toachim, 1'76). Although
Takita et al. (1977) suggested that in patients with oesophage
cancer, well-differentiated squamous tumours were associated with
the best prognosis and Pearson and Le Roux (1974) claimed that

undifferentiated tumours were characterised by a higher incidence

of extra-oesophageal spread and increased incidence of wvenous



invasion (Salsbury, 1975), the as..Delation between histopathological
differentiation and patient prognoiis is unreliable. Satei e. al.,
;1973) found no correlation between prognosis and the aegree of
differentiation, age, sex or ethnic group of patients witn oeso-

phageal .arcinoma.

Many tumours display a variable stromal infiltrate of plasma

cells, lymphocytes, eosinophils and neutrophils which are thought
to accumulate in response to specific antigenic stimulation. This
infiltrate is proportional to the degree of desmoplastic reaction
and may be inversely related to the degree of tumour differentia-
tion (loachim, 1976). Lymphocyte infiltration, however, bears a
variable relationship to patient prognosis. Improved survival

has been associated with lymphocyte infiltration in breast carci-
noma (Black et al., 1975) but not in melanoma (Balch et.al., 1378).
An association between plasma cell infiltration and squamous cell
carcinomas has also been noted (loachim, 1976), but no work speci-

fic for oesophageal carcinoma has been performed.

The current study was undertaken to determine whether behaviour of
tumour cells in Jjjtro could be correlated with the extent of the
disease in vivo and patient prognosiSjas growth characteristics

in tissue culture may reflect the malignant potential of solid
tumours. The relationship between growth patterns in vitro and
the degree of differentiation of the tumour and lymphocyte infil-

tration have boen considered (vounghusband and Aluwr.hare, 1970).

In vivo invasiveness may be recognised by increased motility of
malignunt cello in ./[It: : (Gershman £t al. ,1978). The appearance
of cells cultured in vit.r 1is consistent with their pleomorphic
character in vivo, and may be useful in establishing the tissue
of origin of anaplastic tumours (Kadin and Bensch, 1971). All
tissue culture conditions were standardised in this study so that
variations in growth pattern and rate and length Jjf time in vitro

could be attributed to properties of the malignant cells.
2. 5 CORRELATION BETWEEN BIOPSIES Arp RESECTED SPECIMENS

The development of fibre optic endoscopy, whereby a lesion can be

15



brushed and bi sled under direct vision has opened a new era in
the evaluation, diajnc:is -nd management of lesions of :he upper
gastrointestinal tract (u.c -oesh et ai., 1J °¢)- Biopsy speci-
mens are, of ne assit , nail and superficial and only represen-
tativ of small irtions ]f the tumours from which they are re-
moved. As lar nunner of cells are traumatised during the
procedure the \ 0il icy £ cells from, biopsy material is generally
poor (Whitehead, 19'/1i ). If, however, the tumour cell population
is fairly uniform an i the cells growing -Ihr;- from a biopsy
specimen are representative of the tumour as a whole, then biopsy
specimens may be of significance as an indication of clinical
prognosis. Thus, f correlation can bo demonstrated between the
in vitro behaviour f tumour biopsies and i- iv invasiveness,
an added criterion wool be available to select patients for
curative treatment including resections, radiotherapy and chemo-
tnerapy. In order to establish the possible usefulness of cul-
tured biopsy specimens, biopsied and resected tumour specimens of

oesophageal carcinoma were grown vitro and compares.

Growth in vitrc of biopsy specimens may oe used as added confirma-
tion of malignancy when neoplastic changes are not satisfactorily
evident in tumour material prepared for histopathological examina-
tion. Because of their availability biopsy specimens may provide
material for further studies 1in oesophageal carcinoma cells.

Biopsies of normal oesophageal mucosa provide additional informa-

tion about normal oesophageal cells in vivo.

2. &€ ULTRASTRUCTUhAL L,AIilr. T CCL1C IN V1Vl AT 1IN

VITRO

Since the development of the commercial electron microscope,
ultra-structural investigations have become an integral part of
cell biology and pathology. The use of the electron micros;, ope
in the field of tumour biology is, however, limited and m< icu—
lous tissue processing 1is wvital as artifact may intrude and lead
to confusion. This 1is a particular difficulty when studying

malignant specimens where little is known of the artifact free



brushed and biopsied under direct vision has opened a new era in

t- - evaluation, diagnv. lLa :.nd management of le. ions of the upper
gastrointestinal tract (..izilbash at ., 1> 0). biopsy ape. ,i-
men are, of necessity, mall and superficial and only represen-

tative of small portions of the tumours from which they are re-
moved. As large numbers of ceils are traumatised during the
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tnerapy. I order to establish the possible usefulness of cul-
tured biopsy specimens, biopsied and resected tumour specimens of
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Growth in vitro of biopsy specimens may be used as added confirma-
tion of malignancy when neoplastic changes are nov setis,ac -crily
evident in tumour material prepared for histopathological examina-
tion. Because of their availability biopsy specimens may provide
material for further studies on oesophageal carcinoma cells.

Biopsies c¢c~ normal oesophageal mucosa provide additional informa-

tion about normal oesophageal cells in \ivc.

2. £ ULTRAGTRUCTURAL 1!'AHACTERILAI ION GI' CELLS IN VIVO AND IN

VITRO

Since the development of the commercial electron microscope,
u'ltrastructural investigations have become an integral part of
cell ticlogy and pathology. The use of the electr n microscope
in the field of tumour biology is, however, limited and meticu-
lous tissue processing i wvital as artifact may intrude and lead
to confusion. Thii is a particular difficulty when studying

malignant specimen where little 1is known of the artifact free
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5 rupture. Degenerate cells are a rich source o: spu. ious v,rus—
particles" (Birbeck, 197fJ and corresponding normal tissues do not
alvvs, -pr jvide a sat: fact ory control. Bearing these problem: in
mind it is till posaicle to obtain wvaluable information with tne
aid of the electron microscope. Transmission electron microscop
elucidates the ul:restructure of cells, while scanning electron
faces. Cell mor-
phology may contribute to ne demonstration of homology between
cell lines in v:eri md human cells :t# (Copeland et _al.,
1976~ and the u ofulness ol cell cultures lies in extrapolation
of in vitro result ¢ to the in vivo situation. Call sur'ace mor-
pholog, (microvilli and lateral processe ) may be related to me-
tastatic potential (Reith et al., 1980) and studies on oesophageal
cell surfaces may provide information about invcsiveness. In
this study cultured normal and oesophageal carcinoma cells were
examined b\ both transmission and scanning electron microscopy

and differences and similarities noted.

2. 7 POSSIBLE Al /QCIATIQ?”E X A VIRUS .VITH HLI.'.ANOESOPHACEAL
CAdcrO. -aG

j-ere has been little available evidence to support the hypothesis
Df viral involvement with oesophageal carcinoma. Although no
viruses have buen reported in human oesophageal carcinoma ceil
lines examined vy electron microscopy (Bey et al., 1976; Nishi-
hira et al., 1), Rabin il. (1979) observed budding and extra-
cellular type C virus particles in a Rhesus monkey oesophageal
carcinoma cell line. The discovery of a similar wvirus associated
with human oesophageal carcinomas would open up many further fields
of investigation which might lead to effective methods of prevent-
ing the disease, or at least allow for adequate screening and

early recognition of the disease using dimm. lical techniques.

In this investigation all cell lines and many tumour specimens

were examined by transmission electron microscopy in order to de-

tect any feature suggestive of viralinvolvement with this tumour.



2. £ OESOPHAGEAL CARCINOIiAS IN ATHYVIC NUDE.

Cultures initiated from human tumours need to be characterised by
various techniques in order to determine whether they contain
malignant or benign, r.arneoplastic cells ’'.Hajdu and Fog; , i3/Q) .
A possible method of characterisation is that of tumour production
in an experimental host, sue"; as the nude mouse, as tumorige dctcy
would prove the cell line t >bt of malignant origin. Growth of
tumours in nude mice in conjunction with studies of corresponding
cells in vitro, can provide an animal model system for in dept-

studies of the pathology of tumour cell type (Pettengill et al.,

1930) .

Athymic (nude) mice do not possess functional I lymphocytes “an-
telouris, 1963) and accept not only normal tissues but a;so grafts
of malignant rumours (Aygaard and Povlson, 19'-3) e '~any tumours
have oeen successfully grown in nude mice after the inocular ion

of malignant cells and cell lines (Giovanella er ., 17" ¥; Fog
and Hajdu, 1975). Tumours that grow in athymic mice show simi-
larities in histopathol y and cytolog to the human tumour of
origin (Povlser and Ayga ,rd, 1971; Vit aldt et al., 1972;
Katsuoka et al., 1/76; Povlsen, 1976) though some tumours ob-
tained by inoculating cell lines may become increasingly differen-

tiated in the nude mouse host (Sherxey et al., 1978).

To study the properties if human oeuophageal carcinoma cells in
vivo 1in the nude mouse and to confirm the malignant nature of cell
lines established from oesophageal carcinoma tumour specimens,
cells from continuous oesophageal c arcinoma cell lines were in-
jected into adult nude mice. The three-dimensional environment
iii which the tumour . jws 1in the nude mouse host more closely
approximates that in the human host, though no unexpected finding
has been that human tumours that invade and spread in the human
host often behave like benign tumours in the nude mouse (Giovanella

and Fogh, 1978; Hajdu and Fogh, 1973; Aygaard, 1978).

Nude mouse-grown tumours are assuming importance 1in research as

they appear similar to those in the iri™jjiva ituation.



tumours may provide valuable information in a number of investi-
gations 3n the effects of anti-tumour agent . such as drugs, radia-

tion, etc. and other possible methods of treating human tumours.

2. J. 1 Relationship between nude mouse tumours and those in

the “unan ' S

As human oesophageal carcinoma: induced 1in nude mice by the ino-
culation of continuous oesophageal carcinoma cell lines cannot oe
considered identical to those in their natural environment in the
human host, in this investigation tumours grown in the nude mouse,
human tumours and the cell cultures anti lines oerived from both,
as well as cells from continuous human oesophageal carcinoma cell
lines were examined by light microscopy end by both scanning and
transmission electron microscopy in an attempt to understand the
relationship between them. The nude mouse gro'-r jmour cells,
primary cultures of these cells and later subcultures (passages
3-5) were examined by the same techniques in order tc detect
surface and other adaptational changes and to gauge the useful-
ness of the nude mouse model for further studies on tumour cell

properties and behaviour.

Investigations vere performed on normal and malignant oesophageal
cells using tissue culture as a central thame. Attempts were

made to answer the following gquestions.

1 How do nomfl and malignant oesophageal cells differ

in vivo and in vitro?

2 a Can continuous cell lineo be established from human
oesophageal carcinomas?

b Are all oesophageal caicinoma cell lines similar?

3 Is there any correlation between in vitro and in vivo
behaviour of malignant oesophageal cells?
a Is itpossible to make a prognosis about the disease

in e patiunt from a speed on handled for tissue culture?



b Is there any correlation between histopathology,

clinical staging of di eu B and growth -

4 Do resected and biopsied tumour specimen” behave

in a similar manner lr vitro?

5 What ultrastructur-.i alterations occur during adapta-

tion to in vitro conditions?

6 Do human oesophageal carcinoma cell lines produce

tumours in nude mice?

7 Are the nude mouse tumours similar when initiated
by inoculation of cells from different oesophageal

carcinoma cell lines?

8 Are carcinomas induced in nude mice similar to

oesophageal carcinomas in oatiants?

9 a Do nude mouse tumours re-establish in tissue culture?
o If so, do the cells in vltr resemble the original

cell line

(1) in early passage and
(ii) in late passage?
10 Is there any ultrastructural evidence which supports the

theory of u viral artiology in carcinoma of the

oesophagus?

The major investigations performed in this study are summarised

diagrammatically in fig. 2.



PATIENT

with carcinoma of the oesophagus

SURGERY
BIOPSY Normal oesophageal mucosa
Resected tumour 1
. Blopsied tumour Blopsied tumour
Scanning
Electron microscopy

Electron microscopy
Nude mouse

Tumour In nude mouse

Fly. Summitry of inve'.tlgatiorr. performed.
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TISSUE CULTURE MATERIALS

3. 1 I*n ~J3UCT ION

In tissue culture, small fragme itl of tissue are placed in medium
and allowed to develop fPaul, 1975). The environment and the
composition of all media and other solutions must be kept con-
stant to ensure reproducible results and the expression of bio-

logical differences against similar in vitro backgrounds.

3. 2 C'L'TAON'.1E'.T

The room used for tissue culture was sealed and decontaminated
initially with Formaldehyde wvapour (300 ml 40 per cent w/v formal-

dehyde and 100 g potassium permanganate) .

A conventional tissue culture hood containing a TUV 30 rmici-
dal lamp (Philips) and equipped with a spirit burner was used for
all manipulations. The hood was swabbed several times daily with
77 ps'- cent ethyl ale I down with a 1:250

Hibitane solution (five per cant Chlorhexidine Gluconate B.P.)

All cultures were placed in a Gallenkamp 75 litre anhydric incuba-
tor anu maintained at 37,5°C. The incut-ator was Jwiped down weekly

with a 0,5 per cent solution of Hibitane.

3. 3 AP"ARAT1Jy

Glassware:
Dreparation of new and used glassware, metal caps and rubber
ctopper . involved standard techniques as described by Paul (1975).
Neutral Extran (Merck) at pH 7,5 was the detergent of choice;
22—r* coverslips (Chance) were prepared for tissue culture by
oaking in detergent, rinsing, then soaking in IN HC1l, followed
iy IN N'if)H, followed by rinsing in distilled deionised water

eid let " lavin] In a glass petri dish with adjacent coverslips
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; rument
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.opascal at 121»G £ r 20 minutes before use.

ware:

Fall jn ant . x plus Ic tissue culture flasks (25cm'

were used as ulture vessels. These flasks are made

pedall reated to permit cell adhesion. 1wo

run iamber lides were also frequently

fr.13 T as ceni, M. medium

u N La ! 95-*) Minimum Essential Medium (MEM)

r- ining .-glutamine (Gibco Cat. No. F-15
- - 1 .inplementec with 120yug/ml Sodium

, ix -Allenbury) and 100 yug/ml Strep-
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lan '= Balanced bait Solution V3B ,j we., mu:- ror pa KB

powdered medium (Flow] to each litre of which r,3b were

s*ried before ril Betion.

3. .2 Foetal calf paur-;

Most cultured cells require serum in the medium for optimum
growth (Howard and Howard, 1975 ; Hassell anc Engelhardt,

Serum growth factors such as fetuin and serum albumin (Ham, I 7 H
and high molecular weight substances may be incorporated as nu-

trients or play a role in protecting cells (Whitaker, 1972).

During the first two and a half years of this work, Pentex (Miles
Laboratory) foetal calf ,erum (FCS), filter sterilised, heat in-
activated s-d mycoplasma screened was added to the filtered mediur
just before use to give a concentration of ten per cent. When
the serum proved no longer available, G-bco FCS (Cat. No. 629)

sc Jened for virus and mycoplasma was used after heat inactiva-
tion at 56°C for one hour. This was later replaced by Flow FCS
(Cat. No. 29-101-54). Slight differences in cell morphology and
growth rates were evident with the different sera as different
batches and types of FCS differ in the efficiency with which they

promote growth (Parshad and Sanford, 1963; Kaighn, 1973).

3. 4. 3 Tr/osin

The 0,25 per cent trypsin (Difco 1 : 250) solution was made up in
calcium and magnesium free phosphate buffered saline at pH 7 - 7,5
(Hull et si., 1973), stirred thoroughly and left at 4°C overnight.
Thereafter, the trypsin solution was again stirred and centrifuged
at 1 500 r.p.m. to remove any undissolved material. The superna-
tant was filtered through the same combination of filters used for
sterilizing medium (Section 3. 4. 1) and 50 ml aliquots were storen
for up to nine months at -20°C and warmed to 37,he[ prior tc use.
Por optimum dissociation of epithelial cells the 0,25 per cent v /p-
sin solution was mixed 1 : 1 with a 0,1 per -ent solut inr it EDI A
glucose 1in calcium and magnesium free PBb of oH - mmeuiath.

before use. Both 0,25 per cent tryo —-o m 3 ! ! -

14



in 0,05 per cent EDTA/glucose were used in experimental wcrx.

3. 5 TISSUE SPECIMENS

The letters Hcu refer to the series of resected human oesophageal
carcinoma specimens used in this study (1 able 1). All tumour
specimens, specimens of apparently normal oesophagus ano some in-
volved lymph nodes were surgically removed during operative resec-
tions for carcinoma of the lower third of the oesophagus at King
George v Hospital, Durbar,. Visual confirmation was obtained of
the local extent of the tumour and the presence of nodal and

visceral metastases.

Biopsy specimens (superficial tumour specimens) were obtained
from patients with oesophageal tumours at the time of diagnostic
oesophagoscopy or during surgery using Zrtm Chevalier Jackson
biopsy forceps introduced through a rigid Negus oesophagoscope.
All biopsy specimens obtained in this way were designated B and

numbered (Table 2).

Specimens of apparently normal oesophagus were designated Oes and
a number given to correspond to the Hcu number of the patient from

whom they were obtained (Table 3).

Patients received no drug theraoy prior to operation except oral
mycostatin where Candida infection was suspected. Pre-operative
treatment consisted of dietary supplementation with Synthsmin
(Travasol, Baxter) - a 5,5 per cent or 9,5 per cent solution of
amino acids and electrolytes, or two to three litres of Electrolyte
No. 2 per day for 'our to five days. Some patients received
Vitrum (Intralipid, Sabax) an isotonic soya bean preparation con-

taining lecithin, egg yolk and gycerol.

Attempts were made to establish continuously growing cell lines

from:
a) 46 oesophageal squamous carcinoma specimens (Table 1),
b) 36 superficial biopsy specimens of oesophageal car-
cinomas (Table 2),
c) 20 specimens of apparently normal oesophageal mucosa

(Table 3),
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TABLE

Date on
which
biopsy
performed
29. 5.79
29. 5.79
29. 5.79
29. 5.79
29. 5.79
5. 6.79
5. 6.79
5. 6.79
5. 6.79
5. 6.79
12. 6.79
12. 6.79
12. 6.79
12. 6.79
12. 6.79
12. 6.79
9.10.79

r

Of.iE CLINICAL I\F¥OR:..AT10,i ABOUT THE PATIF/JTS .VITH

JJSPECTED OESOPHAGEAL TLL'OUG FRO;,- ,iICH THE

OESOPHAGEAL 3I0P5Y SPECH/iE'S USED IN THIS STUDY

WERE OBTAINED

Hcu

42

Culture number

0

10

11

12

13

14

15

16

17

Sex of

Age of
patient

63

57

52
60

65

75

81

60

55

53

66

67

60

66
60

55

44

Radiographic
findings

5cm tumour confined
to oesophagus

7cm tumour invading
mediastinum

Data untrac .e

No radiographs
available

8cm upper thoracic
tumour with fistula
into lung

No radiographs
available

no evi-
dence of spread

5cm tumour;

no evi-
dence of spread

6cm tumour;

5cm tumour confined
to oesophagus

6cm tumour; no evi-
dence of spread

6cm tumour invading
bronchus

no evi-
dence of spread

6cm tumour;

no radiographs
available

tumour not seen

6cm tumour invading
mediastinum

4cm tumour confined
to oesophagus

6cm tumour invading
bronchus



Culture number Sex of

TABL- 2 (cont.)
Date on
which
biopsy Hcu
performed
9.10.79
9.10.79
9.10.79
9.10.79
16.10.79
15.11.79 44
20.11.79 45
29.11.79 46
3. 1.30 47
22. 1.90 43
29. 1.30 49
12. 2.30 50
19. 2.80 51
25. 2.30 52
11. 3.30 53
27. 3.30 54
1. 4.80 55
27. 5.30 56
24. 6.30 57
/

B

13

19

20

21
22

23

24

25
26

27

28

29

30

31

32

33

34

35
36

patient

M

M

Age of
patient

28

52

55

49
40

69

29

50
26

59

59

41

49

39

49

39

53
41

Radiographic
findings

5cm tumour invading
trachea

5cm tumou*'' invading
mediastinum

no radiographs
available

tumour not seen

6cm tumour invading
trachea

/ 6cm transmural
tumour

f 5cm tra-smural
,Jjmour

f dun. invasive tumour

f 4cm tumour confined
to oesophagus

f 3cm tumour confined
to oesophagus

f 7cm transmural
tumour

1 5cm trarsmural
invasive tumour

1 8cm transmurel
tumour

/ 5cm transmural
tumour

f large tumour invad-
ing mediastinum

no radiographs
available

f transmural tumour
invading vertebral
column

f 5cm transmural tumour

3cm transmural tumour

Other operative findings appear in Table 1

Average age of patients

Sc , 3 year;:

- 54,2 years
Average age of female patients

Average age of male patients

- 43,9 years



TABLE J A3ES 'XMD SEXEb OF THL. <ATIEM, FC: .YHCU SPECL.IENL

OF ArFAREMTL\ NQHt,.AL OEJO"'HAJLG ,V3€ COTAI'ED DLRI%3

OPERATIVE RESECTIONS FOR ::VC:'..'.: X -3 n::vJ'-tAj"]

Date Culture number Sex Age
14.12.78 Oes 38 M 52
7. 2.79 Oes 39 M 70
S. 3.79 Oes 40 Vil 35
1. 5.79 Oes 41 M 56
29. 5.79 Oes 42 F 52
16.10.79 Oes 43 M 40
15.11.79 Oes 44 v 69
20.11.79 Oes 45 F 29
29.11.79 Oes 46 F 50
3. 1.80 Oes 47 F 26
22. 1.90 Oes 48 M 59
29. 1.90 Oes 49 M 68
12. 2.90 Oes 50 M 59
19. 2.30 Oes 51 M 41
25. 2.90 Oes 52 M 49
11. 3.80 Oes 53 M 39
27. 3.00 Oes 34 M 49
1. 4.80 Oes 55 M 38
27. 5.80 Oes 56 it 53
24.. £.90 Oes 57 M 41



two adeno carcinoma specimens listed in Table 4.

T45LE AGES AND 3EX ~ T THE PATIENTS FRO:.' »D!: THE
SPECIMENS DIAGNOSED AS ADENOCARCI A'li-1

DYSPLASIA WERE Q9T4I\EL

Date Culture Sex Age Histopathology
Number
23. 9.76 Hcu 7 F 45 adenocarcinoma
30.11.76 Hcu 11 M 49 poorly differentiated
adenocarcinoma
10. 3.77 Hcu 15 F 39 dysplasia only

Involved lymph nodes were obtained from those patients whose
tumours were designated Hcu 22 and Hcu 23 and attempts made to

culture these.

3. 6 H-STOPATHOLiGY

The histological grading of the tumour specimens as poorly,
moderately or well differentiated was performed by pathologists at
the Department of Health, Welfare and Pensions Pathology Labora-
tories, Durban and King Edward vIII Hospital, Durban, and depended
on the degree of anaplasia and estimated growth rate (Weissner and
Warren, 1971; Botha et al., 1978). Basically a tumour classi-
fied as histologically well differentiated contained numerous
keratinising cells and few mitotic figures (Fig 3), while a poor-
ly differentiated tumour was not keratinising, shr ,ved pleomor-
phism and displayed numerous mitotic features (Fig. 4). A cor-
relation between tumour differentiation and the amount of cellular

infiltrate has been described (loachim, 1976).

3. 7 LrLLHDLYTP Ff ILTHATION

As it has been suggested that patients with lymphocytes in their
tumour present earlier, live longer and are more likely to have
an u -suciated "immune" reaction in the lymph nodes (Younghusband

and Aluwihare, 1970), a record of the extent of lymphocyte infil-



Fig. 3 Light micrograph jf a portion of a well differentiated

human oesophageal carcinoma. Many keratinising cells
and an epithelial pearl are evident. Haematoxylin and
Eosir. Bal = 10 pm
9
$
\ r &

Fig. < Light micrograph of a portion of a poorly differentiated
human oesophageal carcinoma. Cell size varies, e liant
cell (G) if- present and there is no evidence of keratini-

ition. Haematoxylin and Eosin. Bar = IQ pm
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Fig. £ Light micrograph of an area of a poorly differentu
human oesophageal carcinoma displaying rrar<ed {+T+
lymphocyte infiltration. naenatoxylin and Soson.

Oar = 100 Ar »



4 AT~ 2 4ND ;.TT'n :\

TISSUE CULTURE - '.ETHOD3

4. 1 ESTABLISHMENT OF CULTURE."

Resected oesophageal carcinoma specimens [1,5 - cm in diameuer)
select;, d from the central regions of the tumours, superficial biopsy
specimens of oesophageal carcinomas and biopsy specif * of appa-
rently normal oesophageal mucosa were asepticall- col. -ted in
Macartney bottles containing 5 ml MEM with Amphotericin 9 or
Nystatin, as initial fungal (most frequently Candida albicans)
contamination was a problem. The presence of fungus has been
reported in 90 per cent of pn-ients with carcinoma of the oesopha-
gus (CICAMS, 1973) and in many patients with premalignant changes

(Xia and Zhan, 1973).

Specimens were maintained at ambient temperature and transported
to the tissue culture laboratory within two to five hours of
removal. Primary cultures were set up as soon as possible after
arrival of the specimens, although the length of time between
surgical removal of the tumour and initiation of .he cul-ure did
not appear to be critical as most mammalian cells and tissue frag-
ment: survive for several hours at 30°C(Paul, 1975). Cell growth
was obtained from two specimens which iad been stored for up to
four hour s at 4°C and it was also possible to initiate cultures
from tissue specimens which had been stored for up to four weeks

at -30°C.

The method of setting up a primary culture varied according to
the nature of the specimen. Preliminary work using the tech-
niques described by Hull et aI., 1973; Hoyflick, 19t5 and 1973;
and Alexander et al., 1776 was done by the author on many normal
and malignant tissues (kidney, skin, liver, nephroblastoma,
neuroblastoma) before oesophageal carcinoma specimens were suc-
cessfully cultured. Best growth f-'om oesophageal carcinoma
specimens was obtained using a dry explant technique - a modifi-

cation of methods described by Martin (1973), Alexander et al.



(1976) and Klein (1976). Although techniques involving initial
trypsinisation fhull et al.. 1973) gave good results with nephro-
blastomas (Robinson et si., 1930 a; normal and maiigna" se jd -g-
geal specimens failed to grow u;tro when these techniques were
used and variations of the trypsmisation techniques have not been
suitable for establishing continuously growing primary cultures
from solid epithelial tumours (Vasillev and Gelfand, 1977).
Epithelial cells may be more orone to damage during initial tr/p-
sinisation than other cell types and the method or tissue dis-
aggregation affects the quality and potential viability of primary

culture (Whitaker, 1972).

4. 1. 1 Exolant Technique

The procedures used in this technique are summarised in Fig. I

PREPARATION OF PRIMARY CULTURE

Tumour Blood vessels and

. connective tissue
Medium

— Minced tumour

Tumour pieces
immersed in medium

Incubated at 37 c

Pasteur pipette

Tumour pieces

Fig. 7 Diagrammatic representation of some of the steps in-
volved in the initiation of an explant culture.



On arrival in the laboratory, the specimens were carefully rinsed
in three changes of MEM containing Amphotericin B or Nystatin.

Each specimen was then placed m a stainless steel plate in a glass
petri dish and visible blood vessels and areas of obvious connec-
tive tissue dissected away to prevent fibroblast overgrowth as far
as possible. All manipulations were performed in a tissue culture
hood. The specimens were then diced using scissors and forceps.
As the best growth occurred when specimens were handled as little
as possiole, this wa; deemed preferable to the use of crossed
scalpel blades. Small fragments of approximately 0, 2mm2 were
transferred to the dry surfaces of sterile 25cm2 plastic tissue
culture flasks. The number of tissue fragments per flask was
varied depending on the size of the explants. Usually eight to
twelve pieces of tumour tissue were placed on the surface of each
flask. The success of this technique varied from specimen to
specimen. In some instances the tumours proved easy to dice,
whereas other scirrhous tumours were subjected to mecheni a®

trauma 1in efforts to obtain explants of suitable size.

Great care was taken not to smear the cells or expla-ts across
the plastic surfaces as the cells detached in this way did noi
grow. Using this dry explant technique, four tc six ?"asks were
set up for each specimen.The flasks were then placed on the”r
sides and three ml of MEM containing PCS carefully added so as

not to dislodge any of the explants.

The flasks were incubated vertically for 45 minutes to allow the
explants to attach so that the explants and bases of tne flasks
remained dry though the medium did humidify the atmosphere within
the flasks. The pH of new cultures was adjusted to ,1 - 1’2,
using the CO, produced by dry ice in a Macartney bottle which was

held against the mouths of the flasks.

Thereafter the flasks wera placed in a horizontal position so

that the medium bathed the e 1 and incubation was continued.

After the initial gassing of cultures the pH, as Unown by the
colour of the phenol red in the medium, remained constant for two

to three weeks, after which time regassing sometimes became neces-

sary.



During this investigation the medium in the flasks was changed
every three to five days though primary cultures were left un-

disturbed for five days before their first medium change.

2 REMOVAL OF FISROBLAOTi;

As all tumour specimens unavoidably contained some fibrous tissue
or stroma, most cultured specimens showed outgrowths of elongated
fibroblasts which bordered the slow-growing opithelial cells.
The period required for the epithelial cells to adapt 1  — -
conditions ranged from one week to several months. Once the

epithelial cells were .efficiently established i- ottrc attemp.s

were made to remove the fibroblasts. The ang of this step wa,
important, as premature exposure of cultu es frequently resulted
in epithelial cell death. On the o t hand, if the fit: ccla”-s

were allowed to persist, there was a danger that they might over-
grow the epithelial cells, a phenomenon which occurred in several

specimens.

Different techniques ware used to remove fibroblasts, since the

effectiveness of each technique varied from specimen to specimen.

In several cultures frequent differential trypsinisation proved a
deterrent to fibroblast growth. This technique is based on the
principle that fibroblasts retract and begin detachment more
readily in the presence of trypsin than do most epithelial cells
[Owens, 1776). The wording t'ypsin solution (Chapter 3. C. 3)
was used to rinse the flasks. Thereafter the flasks were incu-
bated for 20-30 seconds with this solution and immediately the
cells were first seen to detach the flasks were shaken gently to
dislodge any otner loosened cells. The trypsin solution, con-
taining dislodged fibroblasts and a tew epithelial cells, was
decanted and fresh MEM with PCS added to the flasks to inactivate
the trypsin. The flasks were gently shaken to remove any other
loosened cells and this medium decanted. Fresh JEM with PCS was

added to the flasks and incubation continued. This technique



generally served to check fibroblast growth.

The decanted solution (in a Macartney bottle) was centrifuged at
1 500 r.p.m. and the supernatant discarded. The pelleted cells
were resuspended in fresh medium (the volume depending on the size
of the pellet) and inoculated into new flasks. These flasks were
gassed and the fibroblasts cultured so that fibroblast-conditioned
medium could be produced if required. In addition, any epithelial

cells inadvertently removed would also be cultured.

A problem with the trypsinisation technique was that, in some
specimens, it had an unfavourable effect on the epithelial cells -
in severe cases resulting in cell death. Epithelial damage wao,
however, reversible within a few days in most cultures as the
epithelial cells soon flattened and continued dividing and the

trypsinisation procedure could then be repeated.

Cultures with a heavy growth of fibroblasts required daily t:yp-
sinisation for a two to three week period to control the ‘ibro-
Olast population. As such severe and repeated treatment in-
variably had an adverse effect on the epithelia cells, other

methods of fibroblast removal were attempted.

a. 2. 2 Msc-a-ical jrr ir:

The boundary between epithelial cells and fibroblasts was often
distinctly visible to the naked eye when the flask was held against
a light source, and extensive areas of fibroblast growth could he
removed by scraping the cells off the tissue culture flask using

a bent glass rod or pipette with rounded en ™.

Care was required to avoid removing the adjacent epithelial cells
or damaging the surface of the flask by scratching. The epithe-
lial cells were not as severely traumatised as during trypsin
treatment though pH adjustment was necessary in cultures whfie

fibroblasts had been removed by this method.

4. 2. 3 Fibroblast removal during subculture

In some specimens, fibroblasts were most ?ftactively removed during



subculturxng. The rationale behind this method is that .ne epi-

thelial cells reattach to the plastic surface more rapxdly (within
20 minutes) after trypsinisation than do fibroblasts. Once most

of the epithelial cells have attached (as detected by phase con-

trast microscopy) a large number of fibroblasts can be removed by

decanting the medium, which contains any cells that have not yet

attached to the plastic surface, and adding fresh medium.

The method of fibroblast removal was determined by the growth and

morphology of the epithelial cells. Certain specimens with very

heavy fibroblast growth required a combination uf scraping an”*

trypsinisation to remove these rapidly growing cells. Otner cul-

tures, in which the epithelial cells had not yet sufficiently

adapted to in vitr: conditions, would have been harmed by tr/p-

sinisation, and scraping was therefore the method of choice,

last few fibroblasts present in a particular culture were mo=_
easily removed during subculturing. The longer the epithelial
cells were grown in vitro, the more resistant they generally be-

came to the deleterious effects of trypsin.

As epithelial proliferation may be dependent upon fibroblast pro-

ducts (Green, 197?), medium conditioned by fibroblasts was used

in an attempt to promote epithelial growth in two specimens

22 and 25).

(Hcu
Medium was added to flasks containing fibroblasts

removed by trypsinisation, decanted after 24 hours and added to

nearly pure epithelial cultures from the same patient. Such a

conditioned medium which presumably contained some factors re-

leased by the fibroblesto (Owens, 1976), had a slight growth

promoting effect on the epithelial cells. if pure fibroblaut

cultures from a particular specimen were not available, then me-

dium conditioned by a mixed epithelial and fibroblast culture was

used and also had beneficial effects. Media were not exposed to

fibroblasts for more than 24 hours as fibroblasts remove many

nutrients from the medium.

4. 3 SUBCULTURING

The necessary time for cell growth in vitro Dbefore subculturing



could be undertaken varied fruni one week to several months,
criteria used to determine whether or not a culture cou-s . pas—
sajed depended on features such cell density, rate of cell
division and cell morphology. Rapidly multiplying cells were
subcultured readily. Semi—confluent cell sheets (cell- >

most of the available growing space in the flask) were most suit-
able for subculturing. Established cell 1lines were routinely
passaged in the following way:-

The medium in the flask together with any detached cells was decan-
ted. The flasks were rinsed in 0,12c per cent trypsin in 0,5 pe:
cen. EDTA/glucose or in 0,25 per cent trypuin. This was decanted
and three to four ml of trypsin or the trypsin EDTA/solution added.
The flas<s were then incubated at 32°C for one end a hair to five
minutes. Cell detachment could be detected microscopically or with
the na<ed eye, since detached cells gave a cloudy appearance to the
trypsin solution. The flasks were shaken gently to loosen all
cells and the contents of the flasks aseptically decanted into
Macartney bottles. The flasks were rinsed with MEM containing FCS
to remove any remaining loosened cells and th:s solution was added

to the Macartney bottles.

Cel. suspensions were centrifuged at - 500 r.p.m. and the cell
pelll ,s resuspended in fresh nutrient medium. The contents of a
sirglt 25cm' fla:> were generally split into three new flasks,
depencmg on rapidity of growth. Approximately 5 X10 to 1 X 10

ceil- were inoculated through a 20g needle into each new 25cr*

flask.
Established cell lines were routinely passaged weekly. More
slowly growing cultures were subcultured less frequently. As

the flasks that had been ti.psinised generally retained some
cells, fresh medium was added to these flasks and incubation
continued. In the new flasks the medium was routinely changed

24 h 1irs after subculturing to remove any dead cells and debris.

Where passaging by trypsinisation proved dif *Lcult islands of
epithelial cells were picked up using a bent pasture pipette and

transferred to new flasks. This technigque was necessary for the



initial subculturing of specimens Hcu 13 and Hcu 21. The .sianji

of cells reattached withir 30 minutes.

d. d O3SER'.'AT2:T.' T :Hs.1HW

Cultu.ed ceil; were microscopically examined daily, initially using
a Zeiss monocular mio oscoue and closing down the iris diaphram to
increase contrast, and later using a CK II - Olympus phase Jjn..as,

inverted microscope. A green and neutral density grey rlI” .er were

routinely used.

All photographs were taken on a Zeiss photomicroucope sl Lj.ve
cells were photographed using interference microscopy, a green
filter and Ilford pan F film (ASA 50) which was dev Loped in 1

50 Rodinal for eight and a half minutes.

4. 5 CELL COUNTING

Cell numturs were determined using a haemocytometer (Bausch and
Lomb) ; by the method described by Priest (197 ) with slight
modification. Before being introduced into the counting chambers,

the cell suspensions tc be counted were passed through 25g needles

to obtain as even a suspension as possible. Confluent small
(25cm*) Falcon and Lux flasks generally contained 2 X 13 - 4 X 10T
cells, while the 75cm* flasks held 8 X 10 - 12 X 10 cells.

4.6 CELL3 GROWN ON COVERSLIPS AND CHAVOEP ! IOC;

Healthy cells from both primary and continuous lines to be viewed
by light microscopy and scanning electron microscopy were tryp-
sinised and the detached cells after centrifugation at 1 200

r.p.m. were resuspended in fresh medium containing FuS and the cell
numbers adjusted to approximately 4 X 10" cell... per ml. Two ml

of this cell suspension were added to 30mm diameter Lux sterile
petri dishes each containing a pre—treated (Chapter 3. Jj) 22mm
glass Chance coverslip. FEach chamber of two-chambered Lab-tek
tissue culture chamber slides was also inoculated with two mi o

cell suspension. Some explant cultures were initiated on cover—



slips in petri dishes so that primary cultures could be further

examined. The petri dishes and chamber slides were incuoafeu

A closed system was v od to prevent the pH from rising and to pre-

vent evaporation of the medium.

4. 7 FREEZING OF CELLS

All lines and tumour specimens were stored m a Specht u“tradeep-
freeze at -60CC. The cells were frozen in the flasks in which
they were growing in five ml of medium containing ten per cent
dimethyl sulphoxide (OMSO) and ten per cent foetal calf serum
(Berto.Uni and Diamond, 1976). The frozen cells were rapidly

thawed when required end showed good viability.

4. 3 TREAT'.CfIT OF COFFrA.VINATED CULTURES

Primary cul .ures were frequently contaminated with yeasts, most
notably Candida albiceno. All cultures were examined daily in
order to detect the presence of any micro-organisms et an ear.y
stage. Yeast spores were identified by a Gram stain (Humason,
1972) . Contaminated cultures were treated as follows; the o-d
medium was discarded and the flasks rinsed several times in MEM
with Amphotericin B but without FCE. Heavily contaminated cul-
tures were then incubated overnight in MEM without FCS but contain-

ing Amphotericin B (5 yug/ml) or Nystatin (100 /ug/ml).

Thif, treatment was repeated several times and, in many instances,
the contaminating organisms were successfully removed. Cultures
contaminated with bacteria were treated by repeated rinsing with
MEM until the appropriate antibiotic, as determined by sensitivity
tests performed in the Microbiology Depart lent a.,, ting Edward

VIII Hospital, was available.



5 MATERIALS Ar.D LETHJD:
THE MiAINTErjAfCE AND USE OF NUDE (ATHYMIC) MICE

As the nude mouse is an athymic mutant which lacks cell meuiated
immune responses this animal must be housed in a shelte:su di-

viromnent to prevent infection by foreign organism”.
5. 1 MICE USED IN THIS uTUDY

A pair of nude homozygotes and six heterozyous mice nf both sexes
were obtained from Dr. E. Meyer of the Animal and Dairy Sciences
Resear h Institute at Irene in March, 1971. The origina” nude mice
at Irene were of BAL3/c origin and were obtained from the Medical

Research Council Laboratory at Carshalton, U.K. These were subse-
quently back crossed once with HA/lcr mice obtained from the Univer-
sity of Cape Town and the F, generation randomly bred. The animals

were transported to Durban by air in a stainless steel filtered con-

tainer.
5. 2 5PF - d cT-1viROfNEu:

All mice used in this investigation were housed in a specially crea-
ted EPF - 4 environment (Fig. 8), the temperscure of which was main-
tained at 23°C as the he!’less animals have to be protected against

extremes in temperature and humidity (L iiger and Giovaneila, 1973).

Access to the 5PF — 4 nude mouse colon, was strictly controlled

and sterile precautions alway! adopted. The colony was kept under

constant ultraviolet light (Phillips Germicidal lamps) and the air

conditioner outlet and cage racks were covered with 0,5 /jm washable
filtering (F 400, Curtis Industrial). Although caps, masks, gowns
and overshoes were u-ed in the colony the use of gloves was avoided
as contact with the rubber upset the animals. Hands and arms were
thoroughly and repeatedly scrubbed in 1 : "30 Hibitane be. on cand-

ling the mice.
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conventional animal colony -or w: :wE !

Sporadic eye abscesses were d ninoi pr rlt- e

fected eyes appeared otherwise healthy and tht t tr
lancing and cleaning of the abscesses which then eldom i
The animals were placid aid easy to work with and fightii

littermates rarely occurred.

5. C SEEDING

The nude (nu/nu) and heterozygous "hairy" (Nu/nu) mice r 01 ,d
prolifically and breeding posed few problems. Initially he-.u
zvgotes were crosse with heterozygotes and large litters <N
IS young resulted but only a small proportion of these offsprin
was nude and there was no way of recognising the "hairy" hor
gotes (Nu/Nu). Unce the number of nuc.es had increased, nu
males were then crossed with heterozygous fena.es.

litters were produced and according to the principles of Mende:

genetics half the offsoring were heiry heterozvgotcs whil

others were nude [Fig. 5).

Fig. 9 One week old litter produced as a result of matin ; W
Nu/nu female with a nu/nu male,
can he readily identified.



The hairy offspring were born slightly larger than the nudes, aryg
grew more rapidly and could be separated from their mothers by the
age of three weeks, while nude offspring were weaned one week

later.

Pritchard and Micklem (1976) indicated that nude offspring derived

from heterozygous females received “ome normal t" "tc ir-cuenoce in

utero. Therefore, for nude mice to be free sible thymic

influence, homozygous recessive mice were mated so that t e off-
spring were at least one generation removed from any possible thy-
mic influence. Mating homozygous recessive ;nu/nu) mice r.as the
additional advantage that all the offspring are nude. All of the

nude females used for oreeding (Fig. 10) produced litters cut not

all were capable of feeding their young. For this reason, the

Fig. 10 Pregnant nu/nu mouse two days bef ore partu: Aion.

Foster feeding using heterozygous females was not always successful.

Nude females generally produced litters of six to right though

litters of up to 16 were observed. However, when the litters

were larger than i”ght, the mothers frequently killed some of the

young and cannibalisation of an entire litter of nude homozygotes
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was not uncommon. In rIxed litter- homozygous nude m.ce were
much more susceptible to cannibalism than their heterozygous litter-

mates (Ediger and Siovanella, Je

5. 5 IfOUCTION CT T

In order to produce tumours “n tt . nude mouse, rapi-u., g *
healthy cells from nine of the continuous human oesophageal car;--
njma lines as well as from four nuoe mouse pa .aged lines were
removed from flasks by trypuinisat.on. Approximately 2 a “~0
cells in 0,25 ml of XV without FC5 were inoculated subc jtaneous-
ly through a 20g needle into either the suprascapular or flank
regions of adult (six weeks and older) male and female athymic
nude mice. Generally four to eight littermates were inoculated
with the same cell line and nigner tumour take rates were obtained
w”sn the mice were inoculated at an early age.

received bilateral inoculations of two different cell lines.

While e single inoculation we < the routine procedure adop.e,,

some mice received repeated inoculations of the same cell line

and animals in which no tumour growth was noted over lengthy
periods were occasionally injected at a different site with cells
of another continuous line. Gome tumours resulted from this
repeated inoculation. All inoculated mice were examined weekly
for up to eight month, to detect any signs of tumour development.
The time of tumour appearance was noted and the variable latency

periods recorded.

5. 6 TUMOUR REMOVAL

Tumour bearing nude mice were anaesthetised by ILntrapei itoneal
injection through a 25g needle of 0,25 ml Sagatal (Pentobarbitone
Sodium - Maybaker) diluted 1 : 10 with sterile normal saline.

Generally five to ten minutes elapsed before the anaesthetic took

effect. The skin overlying the tumour was then swabbed with ten

per cent ethyl alcohol and an incision made. The tumour was

dissected away from the surrounding tissue, the mam vessel sup-

plying it cut and the tumour removed. Providing the tumour was



well encapsulated and had not _n' titrated other rgen.., receding
was minimal and the incision was sutured using Ethichrome iJ. 2.
Post-operatively, the animal were wrapped up and kept warm and
generally survived the trauma of surgery. Some animals were
observed for six months after tumoui removal. In other instance-,
where tumours had invaded through the thoracic or abdominal walls,

or into adjacent bone, the animal- were sacrificed.

/\ii tumours were examined and the extent of the capsule, vascula. i-
ty, colour and amount of adipose tiooue present noted. Tumour
specimens were routinely prepared for light microscopy in order -o
obtain histological confirmation of their malignant nature. The
tumour specimens were graded with respect to degree of differen-
tiation by Drs. Pirie and Akocjea of the Department of Pathology

of the Univer-ity of Natal. All freshly removed tumour specimens
were also prepared for and examined by transmission electron
microscopy (Chapter £. 2) and sections of the tumours were frozen

and stored at -60eC.

Widespread lymph node metasta-es and pronounced weight loss (Fig.
11) were evident on one occasion in the mouse designated XI which

had been inoculated with cells from the line Hcu 18.

Fig. 11 Emaciated appearance and enlarged lymph nodes in nude
mouse four months after the inoculation of Hcu 19
cells.



The animal was sacrificed and specimen cr live: , an'

Kidney as well as all obviously involved lymph node: were removed

for histological examination.

5. 7 71! CULTURE OF T'.3 1 1<

Samples of all of the tumours successfully grown in nude mace
were cultured either in flasks or on cover.lips using the exp.s--

technique described in Chapter e 1. 1. Care was taken to strip

off as much of the connective tissue capsule as possible end vO

dissect out any blood ves -els when initiating the cultures order

to <eep fibroblast growth to a minimum. The tumour specimen: grew

rapidly (within one wee if cu-ture initiation; and repeatsd outcui-

turing (Chapter 5) was possible. Primary cultures of the nude

mouse passed tumour cells and early subcultures ct tr-ese ce.ls

from several specimens were examined by both transnrussio and
scanning electron microscopy. After two or three passage 1in
vitro, cultures of the nude mouse pa aed tumour cef s were Iroze

and stored at —BOeC.
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6 MATERIALS AND ViETHX.:

PREPARATION OF CELLS F'J- ,I':RO3C3PY

5. 1 LTSHT UICRQ3COPY

6. 1. 1 -

Portions of all 46 resected oesophageal carcinomas, as well as 3y
nude mouse tumour specimens were fixed in ten per ceni .rrialin

immediately after removal, dehydrated through graded alcohols, and
embedded in paraffin wax. Sections (6 - un thick) were stained

routinely with haematoxylin and eosin (Humason, 1972).

Twelve human tumour specimens were examined in more detail and
the stains used included two per cent Toluicine tsive (Huma->o , - N -)
and 0,5 per' cent Chrysoidin Y (Humason, 1972) to identify mast

cells by their metachromatic staining reactions.

6. 1. 2 Cultured cells

Cultured normal and malignant human oesophageal cells as well as
nude mouse passaged cells were grown in plastic flasks or on cham-
ber slides or coverslips. The adherent cells were rinsed wivh
pre-warmed Hank's BSC (37°C).fixed in ten per cent formalin for
periods ranging from two to 43 hour., and then rinsed thoroughly in
tap water before being stained. A routine haematoxylin and eosin
stain was performed on all continuous lines and some primary cul-

tures of normal and malignant oesophageal cells.

In order to demonstrate the presence of lipid material, cultuies
cells on slides or in flasks were fixed and rinsed as above and
stained for 20 minutes in three per cent freshly made up Scarlet A
in 70 per cent ethyl alcohol. The cells were then rinsed in
three changes of di tilled water, counterstained with haematoxylin,

and mounted in glycerol.



Cells from most specimens were also Tixed in five m ..'.a/-<3runev”*lu
Solution (0,3 per cent in methanol) for ten minutes, rinsed with
Sorenson's phosphate buffer at pH o,-J end tnen stained witr to-
per cent 3iemsa sjrr'a Rv-») in u renson's buffer for five to
seven minute,, before oeing ringed in running tap water and

examinee.

Twelve freshly removed resected oesophageal carcinoma specimens,
three specimens of apparently normal oesophageal mucosa and 30
specimen” of tumours grown in nude mice as a result c: the inocu-
lation of human oesophageal carcinoma cells were roughly sl.—.ed
and small pieces immediately placed in rive ml Karnovsky's "13cc)
parafomaldehyde-glutaraldehyde f-xetive in pH ,2 in 0,3/ sodium
cacodylate buffer and transported in this manner. On arrival in
the laboratory all specimens were diced ‘inely uuing sea.pel
blades, and then laced in fresh fixative for a further 45 minutes

at room temperature, before being proce sed as follows:

washed in 0,3/ cacodylate buffer 2 X 10 minutes
1 0s0d in distilled mater at 4®C 60 minutes
washed in 0,3/ cacodylate buffer 2 X 10 minutes
70 per cent ethyl alcohol 30 minutes
90 per cent ethyl alcohol 30 minutes
absolute alcohol I 30 minutes
absolute alcohol II '30 minutes
propylene oxide 30 minutes
araldite : propylene oxide 50 : < 30 minutes
araldite I at 60°C 2 hours

araldite II at 60"C 2 hours

araldite al 60°C (embedded in beem 24 hours

capsules)
Ultra-thin actions (60 - 80 nm) of the embedded specimens were

cut on a Cambridge Huxley ultramicrotome and mounted on 200 mesh
Veco copper grids. Thick sections were stained with one per

cent Toluidine Blue in a 50 : 50 distilled water : acetone solution



Cells from most specimens were al d fixed in rive ml f,iay-Grundwaid
Solution (0,3 per cent in methan 1) for ten minutes, rinsed witr
Sorenson's phosphate Puffer at pH ', ; and tnen stained witr ten
per cent Giemsa (,un''- F ') in Sorenson's buffer for five to
seven minutes, before being rinseo in running tap water and

examined.

6. 2. 1 In vivo .oecimens

Twelve freshly removed resected lesophageal carcinoma specimens,
three specimens of apparently normal oesophageal mucosa and 30
specimens of tumours grown in nude mice as a result c? the inocu-
lation of human oesophageal carcinoma cells were roughly sliced
and small pieces immediately placed in five ml Karnovsky's (lifco)
paraformaldehyde-glutaraldehyde fixative in pH 7,2 in 0,2V sodium
cacodylate buffer and transported in this manner. On arrival in
the laboratory all specimens were diced finely using scalpel
blades, and then placed in fresh fixative for a further 45 minutes

at room, temperature, before being processed as follows:

washed in 0,2V cacodylate buffer 2 X 10 minutes
lgt 0sO” in distilled water at 4°C 60 minutes
washed in 0,2V cacodylate buffer 2 X 10 minutes
70 per cent ethyl alcohol 30 minutes
90 per cent ethyl alcohol 30 minutes

absolute alcohol I 30 minutes

absolute alcohol II 30 minutes

prrpylene oxide 30 minutes
araldi4'! : propylene oxide 00 : 50 30 minutes
araldite I at 60*0 2 hours
araldite II at 60*0 2 hours
araldite at 60*0 (embedded in beem 24 hours
capsules)
Ultra-thin .actions (60 - 80 nm) of the embedded specimens were

cut on a Cambridge Huxley ultramicrotome and mounted on -CIO mesh
Veco copper grids. Thick sections were stained with one per

cent Tolu .dine Blue in a 50 : 50 distilled water : acetone solution



containing ten per cent borax. im:n actions on -.r.J//ere
stained /,ith one per cent urenyl acetate *ollo.vad by Reynold's

(1953) lead citrate.

Ail sections were viewed using the Zeiss £. 10 0 in the Fnysi-ijgy
Department of the Universit rf ''atal. i-‘hctograp™ i we! e t-'-.en
at 60kV using Kodak electron Image film (4463) which was subse-

quently developed for four minute* in D 19.
6. 2. 2 Culturedceil-*

6. 2. 2. 1 Cellsremoved from fls —;s and pelleted

Many authors (Leak et al., 1367, Kunegawa et si., 1968, Keen et_
il1., 1 Foa#nd Aubert,l o ) ave pracared culturedcells for
electron microscopy by removal from the flasks and centrifugation.
In this study flasKS containing cells of the lines Hcu 10, Hcu 13
and Hcu 13 were she'.en to detach mitosing and loosely adherent
cell, and the medium containing these cells decanted and centri-
fuged it 1200 r.p.m. for five minutes. As the cells obtained in
thic way (mainly mitotic and Desquamate M ceils) were not represen-
tative of the culture as a whole, cells from each of these lines
were trypsiniued end then centrifuged in an attempt to obtain a
more representative cell sample, though the destructive effects
of trypsin had then to be considered. The cell pellets were
fixed in Karnovsxy's fixative in 0,3/ cacodylate and processed

in a similar way to the in viva specimens (6. 7. 1). Between
eac-- step tie fluid (fixative, buffer, alcohol, etc.) was removed

by centrifugation and aspiration.

6. 2. 2. 2 dalI r Fu; m ;il' ' 1In

Cultured normal, malignant and nude mouse passaged oesopnagea
carcinoma cells were fixed, dehydrated, embedded and sectioned

in the flasks in which they were growing. The technique used
was a modification of those described by Keen et al., 1973, and
Ferre and Fonein, 1977, has been reported by Robinson and Gregory

(1977) and is summarised below.



containing ten per cent borax. T in sections on yr-*s were
stained witt one per cent uranyl acetate foilo/eo by Reyn..,i- 3

(19t3) lead citrate.

All sections were viewed using the Zeiss t., ID J in 1e *n/s.-logy
Department of the Univertit. of Natal. Photographs were t*ken
at 60kV using Kodak electron image film (47£3) which was subse-

quent! . developed for four minutes in D 1 °.
6. 2. 2 Cultured cell

6. 2. 2. 1 Cells removed from and pelleted

Many authors (Leak £  , 196?, Kumegawa at al., 1963, Keen et
il., 1373, Foa and Aubert, 197?) have prepared culturedcells for
electron microscopy by removal from the flasks and centrifugation.
In this study flasks containing cells of the lines Hcu 10, Hcu 13
and Hcu Id were she an to detach mitosing and loosely adherent
cells and the medium containing these cells decanted and centri-
fuged at 1200 r.p.m. for five minutes. As the cells obtained in
this way (mainly mitctic and desquamated cells) were not represen-
tative of the culture as a whole, cells from each of these lines
were trypsini->ed and then centrifuged in an attempt to obtain a
more representative cell sample, though the destructive effect-,

of trypsin had then to be considered. The cell pellets were
fixed in Karnovsky’s fixative in 0,3/ cacodylate and processed

in a similar way to the jfi £i\/o jpecimen.'i (. ... 1i). Between
each step the fluid (fixative, Dbuffer, alcohol, etc.) was removed

by centrifugation and aspiration.

6. 2. 2. 2 Cel L Jjr ;w:r; in sin i Mo Hs

Cultured normal, malignant and nude mouse passaged oesophageal
carcinoma celll were fixed, dehydrated, embedded and sectioned

in the flasks in which they were growing. The technique used
was a modification if tho ,e described by Keen o, alll 1973, and
Perre and Foncin, 1977, has been reported by Robinson and Gregory

(197?) and is summarised below.



The medjum bathing apoarentl; health / primary explar: _ cul®*urea

and .jer:i—eonfluent or confluent culture:, or oesophageal caruinma
cells war cnanjeo one day prior to processing 'or electron micros-
copy, Twenty—four hours later the selected fiasks we:e rince_
twice with Manx' 3SSat pH »,3 - 7,2 at room temper ;ture to re-
move dead cells, deoriij and all traces of £35 as any ree or-— 1
would be precipitated by the fixative used. ihe cellu were

fixed 1in 3ne per cent glutaraldehyde (Polaron 25 per cent w/w] in
Han<'s 3S5 at room temperature for 20 - 40 minutes and then rinsed
twice in Han f 265. The cells in the flasks were sonicated for
30 minutes, rinsed in Hank's 963 and then dehydrated rapidly (ten
minutes in each olution) through graded alcohols. As propylene
oxide dissolved tne flasks, a 50 : 50 alcohol : araldite mixture
was then added and replaced by araldite 1. The flasks containing
araldite were incubated for 90 minutes at 50%0. The araldite was
then changed end incubation continued at tJ°C for 3C - 43 hours

until polymerisation was complete.

The tons of the plastic fla—— s were cut off using a heated wire
ana 5 - 10mm blocks of the amldite-embedded cells un the plastic
substrate cut using a small handsaw. The blocks were trimmed

and vertical ultrathin (60 - 30nm) sections of the cells cut on a
Cambridge Huxley ultramicrotome with the araldite on one side and
the plastic of the flask on tne other. These sections were
mounted, stained and viewed as in 6. 2. 1. Both primary and con-
tinuous cultures were studied and cells from each .f the ten

human oesophageal carcinoma cell lines were investigated on at

least five occasions.

e. 3 SCANNiNh iln ¢T--T: 9ICHh'Cn 'V

6. 3. 1 In vivo uuecimenu
Four resected human oesophageal -.arcinoma specimens, two nude
mouse carcinoma specimen . and four superficia iopsy specimens

each of normal human oesophageal mucosa and oesophageal mucosa

containing ulcerating carcinomas were ringed, trimmed and fixed



uv! 'idgt.: il four pe-r catif gli.itaraldehyde in Han- 's Bo:,. Thereafter
~ha spsniriBi.s «.tn: dehydrated through 70 per cent, W} ten.,

jid ¢ jsnlutR alcohol and critical point dried in specimen baskets
mmi & Hitachi Bf''P I critical point dryer. Seven purges of CO,

13 eep]led over s pr iod 01 one and a ha?f to two hours and t <
final c¢ s.ticaj ...omperr.ture of 45°C maintained 4or at least, five

Mx, utes Venting r.'t.er drying was completed in ten minutes.

Immediately if tr crying' the specimens wvre attached to stubs

using double sided sellotaos, coated with ,20 nm gold in a Polaro i

it | ool Mui.t coattr and viewed using a Jeol J5M-
i r. ;Ju idle oscope and a 100 Almaperture. Accelerating
V ¢ :o0f 10 - CO kV were used, the beam current was 20 nA and

tir tilt was not varied.

5. < Cultured cells

issn ,) pud d.aistry so tl. (1980) was used in the current study

sin,,.i6 nv . s follows: healthy cell cultures grown on
i CO.' .i ,5wre prepared for scanning electron micros-
- o nitie ion of the cultures depending on
Ir, if , u ncy ich d. The cells were rinsed in Hank's

i tu ildehyde in Hank's BSS for 20-40
,il., i.'tv's c¢'t oom t mpi -atuV'-i, insed, o hydrated through graded

uui, :3s , ( if.icri point d led using a specially designed

,..be pure -+ were use.d over a period of one hour and the critical

mp3 it win ten minutes and the overall time in

I'Uy, wi9 at least. 75 minutes.

i , W tached to stubs using silver paint and cells
r, url i cX:m oi : i dium from a distance of 10cm in a
tod. 4 v, .cuum cv/apc etc. ' and viewed immediately using a Jeol

1
ir cinfe\'l<x tp.gea ¢ 10 - 20 kV wen used, the beam current

i e i n B th- . v/fs " ci - 60®.






Fig.

Fig.

1T

13

60

Confluent sheet of normal epithelial cells (E) growing
from explanted normal oesophageal mucosa after two
weeks in vitro. Whorls of fibroblasts (F) are present
adjacent to the epithelial cells. Bar = 1 cm

interference micrograph of the regular, adherent epithe-
lial cells present et the periphery of a sheet of normal
human rasophageal cells after five days in vitro.

Bar B 100 Aim



layered and division probablx to M place In tr- deeper layers.
Long brancning processes were evloent ;lpween the eoithelia. cells
in many of the culture. udied. 3usr: proce: - termineled near
the growing edges of the -jpithal.sl sheet. and dir not na-:e -on—
tact wit* the few peripheral *-pbr ola-t-. the processes were
refractile and differed in appearance from those o< elongate%

fibroblast:-. (Fig. 16).

Fin. 16 Interference micrograph showing epithelial cells sur-
rounding an explant of normal human oesophageal m.ucosu
Refractile proce aes extend over and between the roithe-
lial cells. Bar = 100 yun

7. 2 Stt-'CULIURIMO

The epithelial cell:- did not detach readily upon trypsinisation
and it was impos -ible to obtain a single cell suspension as many
cells remained clustered. Such groups nf cell .did not readily
reattach to new fluiko. Where passaging was successfully per-
formed , the normal epithelial cells initially grew well, al-

though fibroble ;t overgrowth was a problem in four specimens.

Some normal oesophageal cells were subcultured five times before
detaching from the flasks and dying. Many primary culture.-, be-

came aim' ;t confluent in the flanks where they were growing and



layered and division prat .irl; 'a piece in tr g deeper layers,

Long orancning proses.et wore ..dent between one epithewia. ce.
in many of the Cultures studied. 3ucr. proce”se:—, terminated near
t e :@xr wing en ;e of t' f- el..:., hast an-j did not no os e
tact with the few peripheral 11 .r.wia -ti - *nNC processes were

ref2 .ictile and differed in appearance from tho > of elongetec

fibrofc..a..t (Fig, 1id).

Fig. 14 Interference micrograph showing epithelial cell » sur-
rounding an explant of normal human oesophageal mucosa.
Retractile proce ses extend over and between the epithe-
lial cell:-. E3ar = 100 “m

7. 5 SUBCULT URIMG

The epithelial cells did not detach readily upon trypsiniaetion
and it was impossible to obtain a single cell suspension as many
cells remained clustered. Such group:- of cells did not readily
reattach to new flask Where passaging was successfully per-
formed , the normal epithelial cell: initially grew well, al-

though fibroblast overgrown was a problem in four specimens.

Some normal oesophageal cells were subcultured five times before
detact inu from the fie ,ks and dying. Many primary cultures be-

came almost influent in the flasks wnere thev were growing and



par.' ited for ubp t. tsn /t . ith .ncz -n. .
the grov.tn rare dropped and cell desquamation increase:", unr.

finally all cells detanned fror t - sub trata.

All cultured normal oesophageal cells showed ci
and could be distinguished morphologj

plastic cells.



RESULTS

IN VITRO PROPERTIES OF ISECTED 4. 'HA ,-AL CAPCIUXA

The first cells to migrate from the explants were macrophage:,
and white blood cells, - '.lowed fibrobla :s. Bioo' cell:
generally died and disappeared within three days and the macro-
phages a day or two later, while the “ibroblast ~ per i.ted lar

varying lengths of time in spite of attempts to remove them.

In some cultures, epithelial growth was observed afcer It hours,
whereas epithelial or fioroblast growth was evident only after

seven days in other specimens.

8. 1 CLASSIFICATION OF RESECT 10 TIML'l- _ E:.IVE'6

The cultured tumour specimens were subdivided into four categories
which were determined by some of their growth properties In %i:::

and defined as follow

I Fibroblast growth only. No evidence of epithelial

cell growth at any stage.

II Epithelial cells were present in sheets adjacent to

the explant? Jjut were never successfully subcultured.
HA Slow initial irowth of epithelial cells.
IIB Rapid initial growth of epithelial cells.

Well-developed fibroblasts surrounded and frequently

overgrew the epithelial cells.

I11 Epithelial cells formed clearly defined confluent
sheets of cells which persisted :r .L'in for period >
ranging from one to eight months. Subculture was
possible but the cells survived only two to three

pausages.






v Continuous epithelial Te - lines wi icn co-id be

successfully suocsl tur-.-d at regular n* erva.L.

The numbers of specimens whicr "ell .nto each category are given
in Table 5. Out of a total 6l tumour specimens received and
cultured, 1 or 31,: per cent wore successfully subcultured but
eiaht reached only Stage III, leaving eight continuousi/ 9-
epitheliel cell lines, this being a success rate of 17,<2 per cent.
Epithelial cells were observed in 39 (84,8 per cent) of the

cultured specimens of resected oesophageal carcinomas.

TABLE 5 RESULT: :f b i ~ ~r e :E:TEI Tir;:u"
SPECIVEiL
Percentage
Characteristi Number of of
Category eristics specimens .
specimens
I Fibroblasts only 1 15,2
IIA Slow epithelial growth , 13 39,1

no subculture

118 Rapid epithelial growth , 5 10,9
no subculture

III Substantial epithelial growth , a 17,4
subculture possible

v Continuous epithelial tumour a 17,4
cell line
46 100

The data obtained from histopathological examination (degree of
tumour differentiation and local lymphocyte infiltration) and
patient progress at .ix months,are given in Tables 6 to 9 and 11

for each specimen of reser .d oesophageal carcinoma.

3. 1. 1 CATEGORY I

Most of the specimens (Table 6) that fell into this category were
hard or scirrhous tumours. Specimen Hcu 29 was contaminated with

fungu anj discarded after two weeks in vitro, while cells from



v Continuou: epithelial cell lines which could be

.uccb:.- full / .ubcClitu:'ed at regula. .ntervaij;.-.

The numbers of specimens whicr fell into each category are giver
in Table 5. Out of a total of 46 tumour .pecimens received anc
culture , 1 or 34, per ce t were successfully subcultured but
eight reached only Stage Ill, leaving eight continuou s./ growing
epithelial cell lines, this being a success rate of 17,4 per cent.
Epithelial cells were observed in 39 (84,3 per cent) of the

cultured specimens of resected oe opnageal carcinomas.

TABLE 5 RESULTS OF THE TI3..1JE CULT JRE OF RESECTED TUMOUR

SPECIMENS
Percentage
Ch teristi Number of of
Category aracteristics specimens ‘
specimens
I Fibroblasts only 7 15,2
IIA Slow epithelial growth , 13 39,1
no subculture
IIB Raoid epithelial growth , 5 10,9
no subculture
ITI Substantial epithelial growth, 8 17,4
subculture pos sible
v Continuous epithelial tumour 8 17,4
cell 1line
46 100

The data obtained from histopathological examination (degree of
tumour differentiation and local lymphocyte infiltration) and
patient progress at six months,are given in Tables 6 to 9 and 11

for each specimen of rusected oesophageal carcinoma.

8. 1. 1 CATE3QHY I

Most of the .pecimens (Table 6) that fell into this category were
hard or scirhous tumours. Specimen Hcu 29 was contaminated with

fungus and discarded after two weeks in vitro, while cells from



TABLE CATEGORY ; RE -_YL: =mi' -Y \T
AND RATIE'TT SURVIVAL

Specimen Differen- Lymphocyte Prognosis at
number sex Age tiation infiltration 6 months
Hcu 14 M 60 well + alive

Hcu 17 — o poor - unknown

Hcu 20 F 50 well - unknown

hcu 2c M 60 well - unknown

Hcu 23 M 52 moderate +++ alive

Hcu 45 F 28 well - alive - but

re-admitted

Hcu 45 F 50 well — presumed dead

the other specimens survived for an average period of four to six
months in vitro before senescerce occurred. Cells fvom specimens
Hcu 14 and Hcu 2f£ initially grew very slowly but growth rate in-

creased after subculturing.

Fibroblasts from specimens Hcu 14, Hcu 20, Hcu 26 and Hcu 46 were
successfully subcultured and grew /.ell in vitro. Some cells dis-
played branching irregular processes, while others were small and
uniform in outline. The cells from specimen Hcu 17 produced much
debris, grew with Haphazard orientation and displayed many branched
processes. Several cells showed flattened central regions and

paranuclear lipid droplets as demonstrated by the use of Scarlet A.

Subcultured fibroblasts from specimens Hcu 20 and Hcu 46 were
orientated in bundles, producing a whorled effect while the fibro-
blasts in cultures of the specimens Hcu 14 and Hcu 46 grew in irre-

gular aggregates.

8. 1. 2 CATEGORY LIA

Cells from the 18 specimens (Table 7) which fell into this cate-

gory on the basis of their growth rate and pattern generally did

A

no” survive for long periods in vitro. The epithelial cells from



TABLE

Specimen

?

number

Hcu

Hcu

Hcu

Hcu

Hcu

Hcu

Hcu

Hcu

Hcu

Hcu

Hcu

Hcu

Hcu

Hcu

Hcu

Hcu

Hcu

Hcu

22

23

25

36

38

40

41

42

43

44

47

43

49

52

53

54

56

57

CATEGORY TITIA

Sex Age
M 67
F 53
F 45
M 52
M 52
M 35
M 56
F 52
M 40
M 69
F 26
M 59
M 63
M 49
M 39
M 43
M 53
M 41

AND wmmATIE-JT CuR.':/Ai_

Differen-

tiation

well

moderate

well

poor

moderate

moderate

well

well

well

moderate

moderate

well

moderate

well

well

moderate

well

Lymphocyte
infiltration

++

-H—+

+++

++

Prognosis at
6 months

alive

alive

alive

unknown after
2 months

alive
alive
alive

post opera-
tive death

unknown
alive
alive
alive

alive at 4
months

alive at 5
months

unknown
unknown

alive at 3
months

-wallowing
well



] . imer. dii tg* .ir within a ronth, while he :ibrj”xast*
vargrew or japlace I '.an occasional!. per sis .e. .or nu-h
longer periods.
loth anular and agr.:-ular cell; of /arymg ‘or" and a-ze were
observed.

In culture> of specimen Hcu 21, one epr:he al ce.is oecsne in—

;reaiappeared t occur as - re .ult of cell fv-don and many cs.ls
s-owed a syncytial appearance (Fig. 15). he giant cells became
,nc: .ngly vacuolated and showed a "lacey" appearance whi’t;

remaining essentially agranular.

Interference micrograph of a large, irregular, vacuola-
ted syncytial cell in a three week old culture of Hcu 25
cell;, . Bar = 100 /um

-n r .t of the specimens, stratification of the epithelial cells

which remained cl se to the initial explants was evident.

Involved lymph node: from the same patience "rom whom specimens
hcu dnc Hcu 23 we: iobtained were also cultured and fell into

Category IIA on the basis of their growth rates and the cell types



presen;. The large irregular -pith 1liai cells which grew frcr
these specimens (Fig. Ii ) posse aed dense nuclear regir *and were
surrounded by pale peripheral regions with fine radiating pr -
cessE . The large cull were loosely adherent and small 1I-

dense cells were p't .ent at intervals. Angular overlapping
fibroblasts present from an early stage eventually replace: vne

'nusual sills.

Fig. . Interference micrograph showing the large, irregular,
epithelial cells, containing centrally located dense
material, which grew rapidly in a culture initiated
from a lymph node metastasis in the patient from whor
specimen Hcu '2 wa obtained. Bar = 100 yum

j. 1. 3 CATEGORY 1IB

Cultured specimens that fell into this category (Table 8) ini
tially grow rapidly but survival for only short periods in vitro.
This was probably not related directly to the growth potential of
the tumour specimens as four of the five specimens in this category
were lost as a re..ult of fungal contamination. Fungal spores
originat i in the patients and were present in flasks from the

time of culture in. t in spite of Amphotericin 9 treatment. The



TABLE : CATEGORY 1IB - 4 - 'G=L ~ '-JL::r /Y

PATIENT SURVIVAL

Specimen Differen- Lympnocyte Prognosis at

number Sex Age tiation infiltration 6 months

Hcu 9 M 60 well + alive

Hcu 24 M 52 well ++ alive

Hcu 27 F 56 well ++ alive with
recurrence

Hcu 51 M 41 moderate + e ive with
recurrence

Hcu 55 M 33 poor — unknown

epithelial cells in specimen Hcu 55 were overgrown and replaced

by fibroblasts. All of the tumour specimens classified as cate-
gory 119 were soft and easy to dice. Areas of necrosis were
frequently present and numerous loosely adherent cells desquamated

from the tumour pieces.

8. 1. 4 CATEGORY III

Specimens that were allocated to this category (Tables 3 and 10)
were characterised by good growth of epithelial cells (Fig. 17)
which grew in continuous sheets around the explants and survived
for longer periods in vitro than did those of the Category II
specimens. None of the specimens in this category react.od the
stage of being classified as a continuous cell line, though,
according to Paul (1975) and Schaeffer (1979) they could be de-
signated as primary cell lines since they had been successfully
passaged. The term "cell linti" implies that cultures from it
consist of numerous lineages of cells originally present in the

primary culture (Schaeffer, 1979).

Some properties of the epithelial cells growing from specimens in
this category are summarised in Table 10. Large (5Q0-9Cum) mono-
nucleate giant cells with occasional processes were present in

cultures derived from several specimens (Fig. 18). The nuclei of



70

TABLE * ATEGDRY HTI A

PATIENT SURVIVAL

Soecimen Differen- Lymphocyte Prognosis at
number Sex Age tiation infiltration 6 months

Hcu ©6 M 58 well -H- death, irre-
sectable tu-
mour

Hcu 3 M 48 well H death, with
recurrence

Hcu 16 M 33 well -H- alive

Hcu 21 M 57 moderate + alive with
recurrence

Hcu 33 M 58 moderate + alive with
recurrence

Hcu 30 M 41 well ++ post opera-
tive death

Hcu 31 M 50 poor + alive with
recurrence

Hcu 32 M 52 well ++ alive

Fig. 17 Continuous ,heet of ajranular epithelial cells in a

12 day old culture of the rapidly growing specimen,
Hcu 31, as sen by interference microscopy. Bar = 100 yum



TABLE 9

Specimen
number

Hcu

Hcu

Hcu

Hcu

Hcu

Hcu

Hcu

Hcu

Fig.

6

16
21

38

30

31

32

17

CATEGORY

Sex

Ac*

53

48

35
57

58

41

50

52

PAT IE/IT

Differco-
tiati n

well

well

" oderate

moderate

well

poor

well

JAVIVAL

Lymphocyte
infiltration

++

++

Prognosis at
6 months

death, irre-
sectable tu-
mour

death, with
recurrence
alive

alive with
recurrence

alive with
recurrence

post opera-
tive death

alive with
recurrence

alive

Continuous sheet of agranular epithelial cells in a
12 day old culture of the rapidly growing specimen,

Hcu 31,

as seen by interference microscopy. Bar =

100 /jm

70
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TABLE 10 BOi.i;.' IK VITRC FEATURES 0™ CATEGORY H i BPECILENS
Type of ) Number Length of
Soecimen Growth yp , Giant i Reasons
b epithelial cells of sub- time 1ost
numoer rate cells cultures in vitro
Hcu 6 rapid sheet of H 2 23 months bacterial
small, contami-
agranular nation
cells
Hcu a rapid sheet of ++ 2 22 months bacterial
small,very contami-
granular nation
cells
Hcu 16 slow islands 3 8 months electri-
and sheets cal
of small fault
densel>
packed
>ery gra-
nular cells
Hcu 21 rapid islands of + 1 4 months senes-
small cells cence
with few
granules
Hcu 23 slow islands of 3 2 months Dbacterial
small, dense- contami-
ly packed nation
slightly gra-
nular cells
Hcu 30 slow cords of + 2 2 months electri-
small agra- cal
nular cells fault
Hcu 31 vapid co. ds of + 1 4 months senes-
small agra- cence
nular cells
Hcu 32 rapid sheets of + 2 5 months senes-
small cells cence

with few
granules



Fig. 13 Interference micrograph of a large mononucleate giant
cell (G) surrounded by smaller carcinoma cells adjacent
to an explant Jjf specimen Hcu 6. Bar = 100 pm

Fig. U Interference micrograph showing a giant cell from
specimen Hcu 6 in the process of dividing and being re-
placed by smaller malignant cell . Bar = 100 pm



the giant cells did not increase in size to the same BytenL as tne
cytoplasmic volume. The giant cells increased in :ize and divided
several times in rapid succession and were replaced by smaller
cells (Fig. 19). Giant e jithelia: cells in culture: , of specimen
Hcu 2u displayed prominent multiple nuclei and wsre "-uch 'urther
from the explants than the Jensel> pac ed imallur cs”_ ee i cul-
tures of specimens Hcu 30 long branching proces?x were evi

between and overlying the adherent epithelial ce”ls.

Fibroblast overgrowth was a serious problem in sever >1 specimens
(Fig. 20). Although fibroblasts were removed several times by
trypsinitiation and by scraping, piling up of the cpithelia. ceils
occurred where bands of fibroblast, were present and everal epi-
tnelial cells detached. The fibroblast; were resistant to trypsin
and on several occasions, the epithelial cells started to detach
before the fibroblasts. Daily differential trypsinisation of
specimens Hcu 8 and Hcu 30 was car&lad out after three weeks in
vitro. On removal of the fibroblasts the epithelial cells ap-
peared less adherent to one another and stared to spread out

slightly.

Fig. 20 The boundary between malignant epithelial cells (E) and
fibroblasts (F) in a two ..eek old culture of Hcu 16 cells
as evident by interference microscopy. Fibroblasts en-
croached on the epithelial cells which became tightly
packed and showed reduced mitotic activity. Bar = 100 yum



Successful subculture;, of all specimens in category III were per-
formed, out the cells grew extremely lowly and sometimes it took
several months for a stats approaching confluency to 'e reached.
Many cells seemed to become static and accumulate gra ules a
then to grow again f ir bri f peri 1 . In addition, mar/ epithe-
lial cells did not reattach readily in new plastic t.as- and
those that did attach formed slow-growing i .lands of epithelial
cells wri( only grew 1in close proximity to other epithelial ce.lc
- 2.). Cultures were treated with autologou. fibroblast-

conditioned medium in a further effort to promote growth (Chapter

d. 2. 2).

Pi:, 21 In orferen micrograph showing a t-jhtly packed cluster
of -m 1, low-growing epithelial cells in a subculture
of Hcu cells. Bar * 100 tim

In a culture (initiated from speciman Hcu 21) which had originally
owed exclusively fibroblast growth, poctet. of epithelial ceils
appeared after nine weeks . Thei.e cells started to multi-
pPly rapidly and replaced the adjacent fibroblasts in a very similar
way 3 the proces by which epithelial cells replaced fibroblasts
in Hcu 19 (Chapter 3. 1. d). These cells resembled those pre-

o-ont in the continuous sheets :..:: in :ze and extent of cyto-



plasmic granularity, but weru 1 % adherent to one another .

cause of their features in common, they were a wumed “o have V-e
same origin as the tightly packed cells. After removal o" tne
fibroblasts they grew in similar islands to the other epithelial

cells.

8. 1. 5 CATEhClhv TV

All tumour specimens that fell into this category (Table 11)
adapted well to in vitro conditions and became continuously grow-
ing cell lines which 'grew well T up to four and a half years in
vitro. The definitions for continuous cell lines vary. Ac-
cording to Paul (1975) for a line to be classified as continuous,
the cells must have been subcultured at least 70 times at intervals
of three days. Other definitions refer to the ability of the
cells to grow and be oa . aged after storage at -80°C. In this
investigation all culture: classified as ceix lines were fre-
quently (every three to five days) and easily subcultured, con-
sisted of fairly uniform populations of epithelial cells, and
could oe stored at -d0O°C for period; ranging from two weeks to

15 months and then thawed and successfully cultured. Although
all eight of tie oesophageal car inoma cell lines were derived
from clinicill> similar resected specimens from clin.cally simi-
lar sites, the lines differ id morphologically from one another

(Figs. 22 - 30) and some features of each are summarised in Table

The turnon from wr.ich the continuous cell lines were established
varied in their degree of differentiation (Table 11) and in size
and invasiveness (Tanle 12). Lines Hcu 10 (Figs. 22 and 23 ),

Hcu 19 (Fig. 26)end Hcu 37 (Fig. 29) vhich were derived from
joorly differentiated tumours showed similarities in morphology
and growth pattern in vitro. The cell line Hcu 39 (Fig. 30( was
al j similar in behaviour to these lines. Cell lines Hcu 13
(Figs. 24 and 25), Hcu 33 (Fig. 27) and Hcu 50 exhibited similari-
ties to one another while line Hcu 35 (Fig. 33) showed some

featurej which were reminiscent of line Hcu 37 and others which



TABLE. 11 CATEGQV | IE :L1 - ~' - -1

*AT:.:. . JRVIVAL

Specimen Differen- Lymphocyte Prognosis ai~

number Sex Age tiatio infiltration 6 months

Hcu 10 F 40 poor M- death with
recurrence

Hcu 13 M 50 well + death with
recurrence

Hcu 13 F 40 poor +-H- alive with
recurrence

Hcu 33 M 45 well + death with
recurrence

Hcu 35 M 66 well + death, ir-
resectable
tumour

Hcu 27 F 60 poor oH- death, ir-
resectable
tumour

Hcu 39 M 70 well ++ alive

Hcu 50 M 59 moderate + alive at 3
months - no
further
record

resembled «ar.e properties of line.' Hci 10 and Hcu 33.

The cell line Hcu 13 was particularly resistant to most of the
conditions which adversely affected the other cell lines and
withstood temperature>of d°C for up to three days and survived

at 20°C for two weeks. The line Hcu 33 was also resistant to
temperature fluctuation while cells of the lines Hcu 35 and Hcu 39

did not grow well when the temperature was varied.

In the line Hcu 37? cell form was variable and appeared to be in-
fluenced both by temperature and nH. Under adverse conditions
and in sparse cultures the cell became more elongated, while a

more rounded form was typical of healthy confluent cultures.

The cell line Hcu 37 was established from a biopsy specimen re-

moved under general anaesthetic from the stomach/liver area of



TABLE 1i- CATEGORY Tv C !'1 4'£CIMENC - HICTCPATHQLOLY A’D

PATIENT SURVIVAL

Specimen B 2 Differan— Lymphocyce Prognosis at
number ex ge tiati un infiltration 6 months
Hcu 10 F 40 poor - death with
recurrence

Hcu 13 M 50 well + death with
recurrence

Hcu 13 F 40 poor +++ alive with
recurrence

Hcu 33 M 45 well + death with
recurrence

Hcu 35 M 66 well + death, ir-
resectabie
tumour

Hcu 37 F 60 poor -+ deeth, ir-
resectablr
tumour

Hcu 39 M 70 well ++ alive

Hcu 50 M 59 moderate + alive at 3
months - no
further
record

ressmoled some properties of lines Hcu 10 arid Hcu 33.

The cell line Hcu 13 was particularly resistant ro most of the
conditions which adversely affected the other cell lines and
withstood temperatures of 4*0 for up to three days and survived

at. 20*0 for two .vneks. The line Hcu J3 was also resistant to
temperature fluctuation while cells of the lines Hcu 35 and Hcu 39

did not grow veil when the temperature was varivd.

In the line Hcu 37 cell form was variable and appeared to be in-
fluenced both by temperature and pH. Under adverse conditions
and 1in sparse cultures the cells became more elongated, while a

mr-re rounded form was typical of healthy confluent culture”.

The cell line Hcu 37 wa: established from a biopsy specimen re-

moved uuder general anaesthetic from the stomach/liver area of
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Fig. 22 Interference micrograph of a confluent culture of poly

gonal Hcu 10 cells after three months in vitro.
Bar = 100 pm

Fig. 23 Interference micrograph of Hcu 10 cells of varying form
and size 1in a ...emi-confluent culture after seven months

in vitrn. Paranuclear granules and vesicle., are evident
in many of the cells. Bar 10 pm



Kwl/®"

Fig. 24 Interference micrograph showing tightly adherent agra-
nular Hcu 13 cells with prominent nucleoli growing in
a confluent sheet after six months in vitro.
Bar = 100 yum

m W>
Fig. 25 Interference micrograph of a portion of a culture of
agranular adherent Hcu 13 cells after eight months in
vit ra. Scattered rounded mitotic figures (M) are

evident. Bar = 100 yum



Fig. 26 Interference micrograph showing angular, loosely adhe-
rent Hcu 13 cells after six months in vitro.
Bar = 100 yum

irresectable tumour. The oatient was opened in preparation for
resection before the advanced state of the disease was recognised
and this biopsy specimen was obtained under direct vision; con-
sequently the use of an oesophagosrcpe was not necessary and for
this reason specimen Hcu 37 is grouoed with the other resected
pecimens. This specimen was also obtained before the work on

superficial biopsies of oesophageal carcinomas was begun.

8. 1. 6 Miscellaneous specimens

Specimens Hcu 7 and Hcu 11 were derived from adenocarcinomas in-
filtrating the lower third of the oesophagus and the malignant
glandular cells present in Hcu 7 differed from those occurring in
squamous carcinomas. Cell attachment and growth occurred rapidly
from explants of Hcu 7 and small refractilc fibroblasts migrated
ftém the explants. Large irregular polyhedral agranular epithe-
lial cells subsequently appeared (fifth day) as did some smaller

tightly adherent epithelial cells (Fig. 31). The epithelial
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Fig.

Fig.

27

23

Interference micrograph showing part of a sneet of adhe-
rent agranular Hcu 33 cells after one month in vitro.
Some cells at the growing edge of the sheet display fine

radiating processes (P). Bar = 100 /jm

Interference micrograph showing rounded, predominantly

agranular Hcu 35 cells of varying size p ter four months

in culture. Bar = 100 pm



Fig. 29 Interference micrograph of elongated (fibroblastic) and
rounded epithelial (carcinoma) cells in a six week old

culture of Hcu 37 cells. Bar = 100 "m
1w t \
e P
Fig. 30 Interference micrograph showing elongated and angular

Hcu 39 ceils after four months in vitro. Bar = 100 /im



Fig. 31 Interference ~icrograpi jhowin: large polyhedral agranu-
lar adenocarcinoma cells growing from an explant of
specimen Hcv 7 after eight days -- .HRitro. Small fibro-
blasts of varying morphology migrated more rapidly than
did the epithelial cells. Bar = 100 um

cells persisted for .even weeks, at which stage the cultures were

unfortunate!) lest as a result of .rterial contamination.

N. epithelial cell growth occurred when specimen Hcu 11 was cul-

tured and the fibroblasts originating from, this

features similar to those described in Category

Although an oesophageal resection was performed
w jr. the specimen Hcu It wa obtained, the hi
port described dysplasia nly, with no evidence
only fibroblasts of normal morphology grew from

specimen.

specimen showed

I.

on the patient from
topathology re-
of malignancy and

explants of this

The in vitro and clinical properties of all rejected oesophageal

carcinoma specimens cultured in this investigation are listed in

Table 13 in Chapter and correlations between

features given so that similarities between the

recognised.

the wvarious

specimens can be
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9 RESULTS

IN ViTRO PRCPERTIS-j T JEUIFHA.AAL CARCI'O"'* SIO: SY 5--SIL*'Db

Short tsrm tissue culture of 36 oasjphageal biopsy specimen”,

of which were obtained during operative resection for carcinoma
the lower third of the oesophagus was attempted so that tne

vitro behaviour of suoerficial biopsy specimens and deeper tumour
specimens could he compared. The. remaining 21 specimens were

obtained during diagnostic oesophagoscopy.

Culture of bioosy specimens proved unsuccessful in four cases

9 10, 3 12 and 9 It) where not even fibroblasts grew. A further
four ipeciinens (8 o, B £, 8 14 and 9 21) showed growth of epithe-
lial cells of apparently normal morphology. The patients from
whom 3 Id and 3 21 were taken were subsequently shown not to have
tu ours, while in the case of the other patients the biopsies may
not have been deep enough to include tumour material. > s is
not unexpected as even 1in experienced hands only AO - 50 pe.' cent
of biopsy fragments contain censer cells (Dekker and rytgat, 19.
Qizilbe -h and Stevenson, 1979). The growth patterns of oescpna-
geal carcinoma biopsy specimens could be determined within two
week- of the initiation of a culture, permitting classification
into categories similar to those applicable to resected tumour

specimens.

9. 1 CLASSIFICATION OF BIOPSY SPECIMENS

Growth characteristics of the biopsy specimens in short term cul-
ture permitted cla rification into four major categories, two of
which were subdivided. These categories differ slightly from
those used for resected specimens as allowance had to be made for
those biopsy specimens from which apparently normal oesophageal

cells grew. The categories were defined as follows:

I No growth of malignant oesophageal cells.



IA Epithelial cells of normal morphology present
in continuous sheets surrounding the explants;

sometimes bordered by fibroblasts.

IB No cell growth, or growth of fibroblasts of

normal morphology only.

II Malignant epithelial cells present but never suc-

cessfully subcultured.

ITA Slowlv growing epithelial cells which did not

survive for more than one month r e

119 Rapidlv growing irregular epithelial cells

wrich had a limited n vitr lifespan,

I1T Substantial epithelial growth. Subculture possi-

ble but limited to one to three passages.

Vv Continuous eoithelial cell lines success'ull, ut—

cultured at intervals.

The numbers of specimens which fell into each category are g*ve”
in Table 13. Specimens falling into categories III and IV could
not beseparated in a short term study, but had to be investigated
for periods in excess of three weeks to determine whe her or noia
continuous oesophageal carcinoma cell line would result. Sub-
culture was possible in 16,6 per cant of specimens only, a much
lower proportion of biopsy specimens than tumour specimens thus

being able to withstand passaging.

9. 1. 1 CATEGORY T

The specimens in Category IA (Table Id) showed growth of epithelial

culls of apparently normal morphology which resembled the cells
growing from cultured normal oesophageal mucosa described ii

Chapter 7»

The eight specimens (Table Id) that fell into Category IB showed
either no evidence of cell growth (0 , » 10, 0 1 , B Is) or only
fibroblast growth (B 6, B 8, 3 1lb, 8 25) in spite of superficial

oesophageal tissue being cultured. Those fibroblasts wnich grew
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TABLE 12 A v. > >R * -- A - = =
Percentage
Number of of
Characteristics :

Category specimens specimens
No growth of mali'iant 1" 30,5
epithelial cells

IA Fibroblasts and noiYnal (3) (8,3)
epithelial cello only
IB No cell growth, or fibro- (a) (22,2)
olasts only
. . 16 64,06
IIA Slow epithelial growth,
no subculture
I1IR Rapid epithelial growth, 3 8,3
no subculture
11 Substantial epithelial 3 3,3
orowth, early subc-ituie
possible
IV Continuous epithelial tu- 3 8,3
mour cell line
36 100

were retractile and overlapping and survived for up to four months

in vitro.

g. 1. 2 M TEGORY TIIA

The If specimens in Table 15 ahowon growth patterns which permitted

their classification into Category IIA. A range of epithelial cell

morphology was evident. Many gian cells were present in cultures

o* specimens B 1 and B 2 and were accompanied by clusters of numerous

small epithelial cells of more uniform morphology. A range in cell

size wts also prominent in cultures of B 11 where the cells /aried

both in size and degree of granularity. Other cultures (B 4, B 20,

B 22, 3 27, B 32 and B 36) consisted of small tightly rdharent epithe-

lial 'cells surrounding the explant, while large cells were present in

the growing regions. These were rapidly overgrown and replaced

by fibroblasts or detached from the plastir substrata as a result



TABLE 14 CATE 5QRy | EIC ''E_E' &. e
PATIENT SURVIVAL "W
————— r
Specimen s Age Differen- Clinical information
number ex g tiation

CATEGORY IA

B 3 F 52 well f alive at six months

e 14 I 66 tumour alive at ix months
negative

a2i M 49  tumouv’ alive at six months
negative

CATEGORY 1.8

B b M 75 .ell no data available

3 7 M 31 well localised tumour, no follow up
3 3 M 60 well localised tumour, no follow up
9 10 F 53 well localised tumour, no follow up
9 12 M 67 well localised tumour, no follow up
B 15 P 55 well localised tumour, no follow up
9 18 F 23 jderate invasive tumour, no follow up
0 24 F 28 well alive at six months - but

readmitted

f 3 M:ical redaction performed

of senescence. Multiple prominent nucleoli were evident in many

of the cultured cells.

9. 1. 3 CATEUQR, ' U -

Only three specimens (Table 15) showed rapid initial growth of

ap;-nslial cells. Small granular and agranular forms migrated
rapid:y (within one to four days of culture initiation) from the
explants and formed clearly defined continuous sheets of

cells. However, after three to four weeks in vitro, the cell;,

showed retarded growth, lost their adhesion and detached from the

flasKS oi were overgrown by the ubiquitous <ibr blasts.

pithelial
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TABLE 15 CATEXBT

specimen Sex
numoer

CATE30RYIIA

B 1 M

M

M

M

M

M

M

CATEGORY II G

8 15

£ Surgical resection performed

- L-L ———

AND PATIENT SURVIVAL

Differen-

Age tiation

69 moderate

moderate
well

poor

60 poor

moderate

poor

Cl'nical information

localised tumour, progn®is
unknown

invasive tumour, no follow up
no data available

localised tumour, alive at
r,ix months

invasive tumour, no follow vo
no data available
f alive at six months
f presumed dead
» alive at six months
alive at six months
f alive at four months
f alive at five months
unknown
f unknown
alive at three months

alive at three months

invasive tumour, survival not
expected

f alive with recur, ince

A

no data available



9. 1. & CATE30R- III

;he three specimens (Table- 11 and 17) in this category grew well
ini .ally under n vitr condlt 1 n. . Rapidly growing, small epi—
A"MS-1dl cells appeared after two days in vitro and divided to fomm,
large halos around the explants. specimen B 13 had an appearance
somewhat different from most of the other cultured biopsy speci-
mens in that many of the cells had a spinole—shape and refractile
cytoplasmic granules. They were, however, distinc c¢™om fibro-
blasts and therefore were assumed to be epithelial u is of tumour
sngin. The granul s disappeared after one month i-' vitro and
the epithelial cells subsequently became more rounded and grew in
cords rather than continuous sheets and resembled cells of line

Hcu 35 (Chapter 3. 1. 5).

TABL: IE vr ih ;ci 'E\e - MSTCPATh3%ggy

A.ro —ATIEMT SURVIVAL

Specimen Sex Age  Differen- o . .
number g tiation Clinical information

CATEGORY IIT

3 13 M 60 well no data available

9 19 M 52 poor invasive tumour, no follow up

B 22 M 40 poor ivasive, death in four
months

CATEGORY p,

B 5 M 65 poor dead

B 17 F 44 moderate invasive tumour, survival not
expected

B 29 M 59 moderate / alive at three months - no

further record

f Surgical resection performed
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9. 1. 5 CATE3CPY IV

The three specimens (Table 16) that fell into this category adaoted
well to in vitro conditions and developed into rapid/ growing con-
tinuous oesophageal carcinoma cell lines, some features sr w ich
are summarised in Table 17. The cell line established from *.pe—
cimen 8 29 ras already been described as Hcu oO. Both superficial
biopsy and deeper specimens of this tumour gave rise to continuous-
ly growing epithelial cell of very similar morphology and beha-
viour and because of the origin of these specimens in the same

patient the lines are considered to oe the same.

Epithelial cells from specimens 9 5 and B 1' ifis- d) grew rapid-
ly and formed cell 1lines with distinctive morphologies and growth
pattern ; thus bringing the total number o' continuous oesor a—

geal carcinoma cell lines established in this study up vO ten.

Fig. 32 Interference micrograph showing elongated epithelial cells
of line 8 17 after six months in vitro. Bar B 100 yum

The successful culture of tumour biopsy specimens has prompted a

prospective evaluation of growth characteristics in snort term
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ID DI5GUS5ION

CJ'.rAM1SJG OF TI5::'l€ CUL": -E DATA A'D CD'”ELATIDN OF IN VIVO

KITH IN VITRO FEATURES

In order to achieve the maximum benefit from the information ob-
tained from i- vitrn studies and clinical investigations, it is
essential to recognise similarities and correlations between pro-
perties of the oesophageal tumour specimens in vivo and the cells
derived from them .n as well as similarities between the
different cells and cell lines arising from different tumour

specimens.

10. 1 Su;yfiMYor available data

13 facilitate data comparison, Table 13 summarises the accumulated
data on &6 of the oesophageal carcinoma specimens obtained during
surgical resections and subsequently cultured, while the accumula-
ted data for the remaining 21 biopsy specimens is given in Table
19. As all properties and their variations had to be reduced to
simple terms for computer analysis the data are given values of 1

or 2 and the key to Tables 18 and 19 appears on pages 100 and 101.

10. 2 CLUGTt'fANALYSIS

The accumulateddata were processed by single-linkage cluster analy-
sis (program inAppendix) to determine which c¢linical andin vitro
properties of each specimen were most closely linked and also
which specimens were most similar to one another. The results of
the cluster analyses are summarised in Figs. 33 to 36. Resected
specimens which were most similar appear clustered in Fig.33

while statistically similar biopsy specimens are shown in Fig. 34.
Those features of the resected tumour specimens both in vivo and
in vitr'j which appear to be most closely linked are shown in Fig.
35, while features of the biopsy specimens which appeared related
are g ven in fig. 3?.. As less clinical information concerning

properties of the tumour, such as prognosis and lymph node in-
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The key to Tables

Clinical
details

Tissue
culture

1.

10.

11.

12.

13.

16.

15.

56.

57.

13.

19.

13 and 19 "3

Age of patient

Sex of patient

Size of tumour

Differentiation of
tumour

Differentiation of
tumour

Lymphocyte infiltra-
tion into tumour

Lymph nodes

Lymph nodes

Organ invasion

Prognosis

Recurrence

Cell tyoes

Subculturing

Size of epithelial
cells

Giant cells

Granularity of epi-
thelial cells

Adhesion of epithe-
lial cells

Growth rate of epi-
thelial cells

Fibroblasts

follows:

N N

N RN R

N -

[ I SR VR N

I N S S e I

N RN

under 50 years
over 50 years

male
female

under 5cm
over 5cm

poor
moderate and well

moderate
well

scanty — moderate
abundant

negative
positive

mobile
fixed

negative
positive

alive at six months
dead at six months

not evident at six months
evident at six months

fibroblasts only or fibro-
blasts accompanied by epi-

thelial cells of normal
morphology

apparently alignant epi-
the ial cells and fibro-
blasts

epithelial cells amenable
to subculture
no subculture possible

small
large

absent
present

agranular
granular

loose
tight
slow

rapid

sparse and 1
abundant and

egular
/erlapping

100
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2C. ii-nu . fou' m les~ than three months
more than thre?® months

. Established cel] 1line 1 yes
2 no

he

available ar whore neither category was applic-

ise
-ilvemt me available "or the biopsy specimens, six feat as
those Ilumberec - 11 on page 100jhad to be omitted when p, -

"orming t * cluster analyses on the”e specimens.
—-ir.'1IARITIES BETWEEN OEStPHA ~—1e !

Resected tumour specimens

its of the cluster analysis (Fig. 3J) those specimens
m closely related (0,94) were Hcu 41 and Hcu 44, both
\' ” idrived from .veil differentiated tumours a-t rell
A when culturec. The specimens Hcu 22, Hcu 43
ive : vron well (Hcu 22) and moderately differentia-
wun also closely related (0,89) to Hcu 41 and Hcu 44
oor :IA growth characteristics, while specimens Hcu
,d HCU V, which varied in histopatholcjical differen-
" these specimt
Hi J 23 and Hcu 3d both derived from moderately differen-
m, vr and falling into Category IIA showed similarities
0, 39) a: did specimens Hecu 34 and Hcu 57 (0,8¢c)

milar degrees of differentiation and fell into the

in a, . , specimens Hcu 29 and Hcu 37 although appearing
in HEN ..v r analysx;. (0,86) differed both in degree of dif-
ferential e and uultur category. Specimens Hcu 6 and Hcu 33

Wed mar Lmilaritie (0,85) to each other although only Hcu 33
LT, mt inuou: JE jphageal carcinoma cell line and Hcu 6 was

if* fwri iubcultum

.y . specimens

. ;r,ilai i'y co-efficients obtained for the biopsy



0,%
0,93
0,92
0,91
0,90
0,09
0,00
0.07
0,00
0,05
0,04

0,03

Fig.

33

6 33 42 22 41 44 40 50 24 29 23 30 37 40 04

Results of cluster analysis showing the resected specimen
statistically mist similar tn one another

(horizontal axis)
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specimens appeared to be deceptively high (Fig. 3£) since nuch
data &ag;: either not available or not possible to give, e.g. in
those cultures where no grc.."th of epithelial cell;- occurred it
was impossible to give information on features such as cellular
granularity and size of epithelial cells. Bearing these -imita-
tions in mind the similarities between the various biopsy speci-

mens should be accepted with caution.

Specimens B J, 9 7, B 3anc B 12 (C 'gory 1) appeared very close-
ly related (1,00) and all showed wth of epithelial cells

and were derived from histologically similar tumours. Specimens
9 10, 3 14 and 9 16 (Category 1) also appeared identical (1,00)
but much data was missing or notavailaole. Most of the speci-
men falling into Category 1 (8 r, 8 7, 3 3, 8 10, 9 12, 8 14 and
8 16) were linked at the 0,91 level and this seems reliable though
the s-iociation of pecimen B 17 with this cluster (0,87) is arti-
ficial and _an be attributed to the lack of data on epithelial

cell properties for specimens falling into Category I.

Specimens B 1, 8 2 and B 11 all derived from moderately differen-
tiated tumours which sh3wed similar growth patterns in vitro and
were classified a- Category IIA were clustered (0,93) as were the
specimens 3 26 and 8 34, the former growing more slowly in vitro

(Category IIA) than tne latter.

The clustering (0,91) of specimens B 15, 8 19 and B 28 appears

more significant as all of the required information was available.

10. 4 Sr.TLAaiTIE'J BETWEEN SOME CLINICAL AND IN VITRO FEATURES

op XL T .-L lAncrn.'A i.

10. 4. 1 Hu U : e ...eejnen

//hen various features and properties of the 46 resected tumour
specimen were compared (Fig. 35) those which were most closely
linked (0,32) wore the ability of a specimen to withstand sub-
culture end the ability of cells from a speci ,ien to develop into a
continuous line. The clustering of tumour differentiation with

the e features appears artificial since several -1*s appear in this
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1,00

0,93
0,92
0,91
0,90
0,89
0,80
0,87-
0,86
0,85
084
0,83

Fig. 34 Results of cluster analysis showing the biopsy pecimen; which were statistically
most similar to one another.
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0,82-
0.81-
0.,80-
0,79-
0,78-
0,77-
0,76-
0,75-

Fig. 35 Results of cluster analysi ih iwimj feature,

of the re acted turnout
specimen:, which were stat istically linked.



feature “No. 5 on page IOC which only allow:, for the distinction
between moderately and w. 1 differentiated tumour, and the con-

tinuous cell lines were derived from tumours of varying differen-

tion. This association will thus be ignored.

Another ically anticipated association war. that between clinical
progno and tumour recurrence (Q,Jl). The i” ;irrr growth rat
of Vv tumour specimens wa. also llowed with these features (0,73).

This is a useful observation as the rate of epithelial cell growth
in vitro may accurately reflect epithelial cell growth w ,iw

and thu information obtained from tissue culture studies may be re.
vant in the assessment of expected prognosis and tumour recurrence.
If tumour recurrence can be accurately anticipated patients can be

treated aopropriately.

A less statistically significant (0,77) but still clinically sig-
nificant association was that between lymph node mobility and
time in culture. Tho ,s specimens derived from patients with
tumours which had grossly invaded regional and other lymph nodes

survived for longer periods in vitro.

10. 6. 2 Biops.- specimens

When clinical and Jjr vitro features of the biopsy specimens were

compared by cluster analysis the most closely related features

(Fig. 36) were growth rate : wvlsro and the ability of cells to
withstand subculture (0.36). Thus the epithelial cells which
grew rapidly in vitro frequently survived subculture. Tumour

differentiation was also artificially linked to this cluster though
the association will be ignored for the reasons given in 10. 4. 1.
The size of the epithelial cells and their ability to develop into
a continuous epithelial cell line were related features (0,79) and
cytoplasmic granularity clustered with these features (0,77).
Unfortunately, much of the clinical data was inadequate and this
hindered the search for associations between clinical and in vitro

features.
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0,86-
0,85-
0,84-

0,83

Fig. 35 Results of cluster analysis showing features of the
-lesopr.ggBal carcinoma biopsy specimens which were
statistically linked.

10 " COMPARISON OF RESECTED AMD BIOPSY SPECIMENS

The growth characteristics of resected oesophageal carcinoma
specimens and biopsy specimens are described in Chapters 8 and 9
and summarised in Tables 18 and 109. The in vitro growth patterns
of cells from biopsy specimens were very similar to those from re-
sected tumour specimens. Thus, the tumour cells present in a

small superficial biopsy specimen may be representative of the

tumour as a whole. In 15 instances superficial biopsy and resected

immour specimens of the same tumours were cultured separately and

the results found to be identical.

Although each specimen behaved in a distinctive manner, several
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common features emerged .men the tumour and biopsy specimens

compared.

.ere
Some specimens adapted rapidly and easily so culture
conditions and could be successfully passaged after as short a time

as t«= weeks (hcu 3? and B 17), while, in other instances, sub-

culture was successful after lengthy periods -nu .Hcu — =

Hcu 33).

The establishment of continuously growing cell lines from re-

sected tumour and biopsy specimens of oesophageal carcinomas appears
related more closely to properties of the tumour such as invas.ve-

ness in vivo than to the type of specimens cultured or the varia-

tions in tissue culture technique used. Subculture of n”*_u, cells

in vitro was possible for cells from those tumours which displayed

clinically aggressive in vivo behaviour, typified by lymph node

involvement and metastases to other sites.

Tha growth patterns of tumour biopsy specimens can be determined

within one to two weeks of the initiation of culture, permitting

classification into categories similar to those applicable to
resected tumour specimens (Chapter 9). The culture of biopsy

specimens may ,id in some cases where diagnosis of malignancy is

difficult, as normal and malignant oesophageal cells can be
readily distinguished by their morphology and growth pattern

vitro (compare Figs. 13 and 16). Biopsy specimens may also be

used to gauge in vivo invasiveness, though a tumour capebl' cl

invasion may not yet have metastasized in a particular patient.

On the whole, though, the in vfrn behaviour of biopsy specimens

may facilitate the identification of patients with clinically

undetected advanced disease and metastasis.

The introduction of routine cultures of biopsy specimens from
patients with oesophageal carcinomas may be an important step to-
wards the control and understanding of the disease since the re-
cognition of correlation between properties of cultured tumour
cells and behaviour and properties of these cells in the patient
may provide important information about the most appropriate

methods of treatment.



10. 5 TISSUE CULTURE AND DIFFERENTIATION

The associations between histopathological differentiation and

tissue culture category for both resected and biopsy specimens

are shown in Table 20. Well differentiated resected tumours

which comprised the bul< of the tumours investigated showed no
specific growth pattern .- .1 : When biopsy specimens were
cultured, however, most of the well differentia:ed tumours showed
growth patterns typical of Categories I and IIA. Many of tne

Moderately differentiated tumours (both biopsies and resected

specimens) also revealed m vitro growth patterns typical of

Categories I and IIA.

Anaplastic tumours comprised less than 20 per cent of the tumours

studied and showed growth patterns typical of all * cate-

gories, though approximately half of all anaplastic tumours fell

into Categories III and IV.

In vivo (clinical) features such as prognosis and lymphocyte in-

filtration into the tumours did not correlate strongly with histo-
pathological differentiation or the behaviour of the tumours in

tissue culture, though prognosis was generally less favourable

for patients with poorly differentiated tumours.

10. 7 TISSUE CULTURE AND OPERATIVE STAGING

Correlation exists between ir vivo invasiveness and dissemination,

and the ability of malignant cells to adapt to in vitro tissue

culture conditions. The associations between operative staging

and culture category for both resected and biopsy specimens appear

in Table 21. As more clinical information about tumour extent
and lymph node and organ invasion was available <or patients under-

going operative resections, the in vivo and in vitro properties

resected specimens will be discussed more fully than similar pro-

perties of biopsy specimens.

10.7 .1 Resected specimens

Full clinical information was not available for all patients whose
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TABLE 20

OES5ECTED TUMOUR SPECIMENS

1
Number of Culture
, poorly
specimens category differen—

tiated

7 I 1

18 IIA 1

5 IIB 1

3 III 1

3 Iv 3
Percentage 15%-

0 Differentiation of one specimen

BIOPSY SPECIMENS

His
Number of Culture
poorly
specimens category .crroren-
tiated
11 I -
16 IIA 2
3 1IB 2
3 III 2
3 v 1
7
Percentage 1?)o
00 2 specimen;

TIN',CIA “IFfLRE'., 1-TIT,

og. 1 QA1LQO™1

His topathology

moderately well
differen- differen-
tiated tiated
1 5
7 9
1 3
2 5
1 4
12 26
23p ST/o 0 %w°k=
not Known
topathology
moderately well
differen- differen-
tiated tiated
1 a
6 d
1 _
» i
2 -
10 17
29% 47% VI 94%

tumour negative



resected tumour specimens snowed Category 1 growth characteristic”.
In two patients the primery tumour was intramural and locali®e”
t ¢ ot .ju , tra ¢ '.ura. *y ouli jw . pr-sec* X cC -

two patients (Table 21), one tumoui  Heu M ) naving spreadtoloca-

lympf- nodes as well as lungs and aorta. Thus the :™ " '!
growth characteristics of Hcu 4 did not correlate with i

invasiveness.

Ivm'pi node metastases were detectable microscopically in “our of

the five patients whose tumour specimens showed the rapid ep.”
lial cell growth characteristic of Category IIS and liver inva-

sion by Hcu 55 tumour cells was noted (iable 21).

In eight patients w ose tumours showed Category III growth pat-
terns in vitro the primary tumour was localised to the oesophagus
in three patients and transmural tumours extended into the media-

stinur. in five patients. Nodal metastases were present in all

eignt patients, with widespread involvement and extranodal exten-

sion being evident in four patients in whom tumour invasion of the

lung:., jtomach and diuphragm was found (Table 21).

In all eight patient: whose tumours showed Category IV growth pat-

terns peri-oesophageal tumour extension was present (Table 21).
Lymph node metastases were extensive in all patients and invasion

;f od iacent viscera occurred in six petfé&nts. Liver metastases

were- observed in two patients, with the stomach, lungs, pancreas

and diaphragm leing other involved sitev. Thus, those tumours
which had invaded in the human host adapted well to in vitro

conditions.

10. 7 . 2 Binp',/ .,pur; imon:.
Biopsy specimens obtained from carcinomas localised t the oeso-
pPhagus generally displayed Category IA, IB or IIA growth charac-

teristics in vitro (Table 21) while trensmural and extensively

invasive tumour specimens grew more rapidly and for longer periods
in vitro and fell into Categories HA, IIB, III and 1IV. Those
tumours from which the cell lines B 5 and 8 17 were established

Whawed involvement of lung tissue, while specimens B 19 and B 22



TABLE 21 nrL-Aiv: rA y;.-MJ -ui:JRE LATEGORY

P
arimary Tumour Metastases
Number of (Cuylture . . .
specimens category Lo§allsed Invasive 1 ivolved . Orgén
(int ra- (Trans- lymph invasion
mur.il) mural) nodes
7 | £ 2 2 . !
13 T1A ft 10 7 5 2
5 116 3 2 4 1
3 III 3 5 a 4
9 v * a a 6

f no cata for three specimens

ff no data for one specimen

BICP3Y SPECIMENS

Primary Tumour Metastases
Number of Culture L 15 d .
specimens category o;a 1ise Invasive Organ ir asion evi-
(intr c- fTrans- dent on radiogra-
mural) mural) phic examination
3 IA + 2
no tumour
8 118 + 5 2 1
16 IIA ++ 4 9 2
3 110 - 3 2
3 111 - 2 2
3 v - 3 2
+ no i for one specimen

++ no data for three specimens.
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s AN

. ® th=vend several subcultures vitrs (Category III) in
vaou. Lhe medi&stirfur and trachea respectively. Mediastinal and
'reznga! 1invaslor were alsr. id erved in two of the tumours which
WE£' cia: .ifled as Cate : iy TIB. Thus the clinically invasive
tumour adapted well to in vitro conditions and such adaptation to

ti culture mav he considered a sign of an invasive tumour

CuLlU'%. ['P CLINICAL <-=m>d X Ii

:ients w0 had undergone operative resections for

.gen arc!nomas were encouraged to return to hospitals
.n nici ' i 1 )llow-up treatment many failed to do so.
— in ntl rugnoses at six months after suraery are unknown
I ent .. The; available data are shown in Tadics 3 to 9,

an.: art summarised in Table 22.

Hesected specimens

rt-K i available follow up for three of the patients whose
ru”. ¥ -ell into Category I in vitro. One patient was presumed
is;;— ifter effort 10 trace her had failed and of the three patients
a .—a-Hm - ta allow, a. lassment of prognosis two were well

wh: i :rd was readmitted with suspected recurrence.

or mor is appeared good for patients whose resected tumour
,pju. el fell into Category XL (Table 22). Thirteen were alive
m nth: after urgery and the single death was due to post-
xnpi icat ions. Two of the four patients whose tumours
da .i .-id © oelonging to Category 118 showed tumour recur-

wh n 1 ioturned for routine checks (Table 22).

':a' :mtwf ' tumours fell into Category Ill, one died of
t-jp rat i (implications, and a further two died from their
iur.i, while three if th, five patients who survived to six

m -1 .howellI tumour recurrence (Table 22). The patient from
.ic Hcu If was obtained had his immune profile changed by being
'a ,i n lirdtivr nitl igen balance (Haf,ejee and Angorn, 19295
ind thi may be related to the fa t that he appeared well at nine

B> after surgery.
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PROGNOSIS AND CULTURE CATEGORY

-iSErrEo s'-E?iMENS

Prognosis at six months

Number of Culture
specimens category Tumour
Alive Dead No follow up
recurrence
7 I 3 i 1 3
13 IIA 13 1 - 4
5 IIB 4 - 2 1
a III 5 3 4 0
8 v f 3 5 4 0

-—— i

f incooolete follow up for one patient

9IOPSY SPECIMENS

Prognosis at six months

Number of Culture
specimens category Aliv Tumour
e Dead recurrence No follow up
3 IA 0 - 0
0 IB - 1 7
16 IIA 1 - 7
3 IIB - 1 2
3 III 1 - 2
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patients whose tumours showed Cetegory IV growth features

w-. i-- at six months, and one of these showed evi-

saoce of tumour recurrence (Table 21). The patient from whom

line Hcu 50 was obtained proved untraceabla after three months.

= result of tumour recurrence and the

''ae Patients died == =
Thus the patients

in me ntnsr two were irresectaole.

Il Bec tumour specimens were typified by Category III and IV growth

pettvrns j~ .ltr- showed the lowest survival rate and association

between tissue culture and prognosis 1is evident.

10. 3. 2 81 specimens

Limited clinical information -as available for the patients from

whom biopsy specimens were obtained and all the available data

anoear in Tables 14 to 16 and 22. Unfortunately the specimen

number is small but there does appear to be a trend for tumours

snowing in_vitro features of Categories I and II to be associated
wit: better clinical t.-ognosis than those falling into CEﬁKK}IEEES
III and 1IV.

10. 9 EL.J/VARY

In oationts with tumours showing Category I and Category II groywh

patterns in tissue culture, the tumour was fiEﬁPEftly'1CfEﬂjffIito

tne oesophagus, lymph node metastases were absent or , inima! and

- case of specimens falling i -

prognosis was better than in t

other categories.

In patient, whose tumour, showed Category III and Cateocor p

: '
growth characteristics the tumour was in all 1NSTECESTIOrE
raanrrare
\

tensive, significant nodal metastases WEIEC present,

more 'requen- and survival rates at six months much worse.

Investigation the successful establishment of a tumour c

v
pros- re*l*

line in 'D pe- cent of cases was from a tumour with

tases in lymnh nodes, organ invasion and a poor prOgHOSiS.

cyte infiltration did not correlate with the degree of d*fferen**

t ifat ion, or the behaviour of the tumour in tissue Culture

Id not be correlated with patient survival at six months*



II DISCUSSION

! A ASS \ ALi ;j CELLS I': VITHO

11 1 X JL> -v.sv, i'j r." CELL L: :I.

'he ten oesophageal carcinoma cell lines established in this in-
vestigation together with the seven continuously growing oes'-pna-
geal carcinoma cell lines reported in the literature (Bey et al.,
1976; Department of Cell Biology of CICAMS, 1976; Laboratory
Section, Peking, 197- ; Rabin et a:., 1973; Nishjhira et a1 .,
1979; Yang, 1930) bring the current total to 17 oesophageal
carcinoma cell lines, IE of which are of human origin. This
provides a large panel of cell lines for further studies on oeso-
phageal carcinoma. Even thougn the tumour-bearing patients dif-
fered with respect to age, se,, race and environment, similarities
were evident between many of the continuous oesophageal carcinoma

cell lines.

Some feature* or all of the oesophageal carcinoma cell lines and
clinical information about the tumours of origin in the human ;and
Rhesus monkey) patients are summarised in Table 23. Most of the
cell lines were derived from invasive metastatic tumours of vary-
ing differentiation which resulted in death of the host (Robinson

o~ all, 1930).

Cell lines derived from several of the well differentiated tumours
consisted of cells which retained many of their differentiated
functions in vitro. Such cells were generally small and tightlv
adherent to one another and grew in continuous sheets as typified
by the cells of lines Hcu 13, Hcu 33, SNO (Bey et al.. 1?7f) Qncj
TE-1 (Nishihira et al., 1979). The lines Hcu 35 and Hcu 39, al-
though also derived from well differentiated tumours did not con-
sist of such tightly adherent cells, and the cells of line Hcu 39
were angular and most closely resembled those present in lines

Hcu ] 1 and Hcu 10 which were derived from poorly differentiated
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A

tumours. The epithelial carcinoma cells in «*>'***y» He™“

used to initiate cultures.

nTtntl R E T T M ', TVO AND TN VITRO FEATURES, OF
11. 2
nESOPHA”EAL CARCTniT.'A J1 —

7f nelWnent cells in the host organism (Marcel, U79).

2.1 inja'h,n nn.; nehd'.'.r,,
J

In tni5 investigation subculture «as ooasiblc in most tumours dis-



resulting in death of the patients.

The cell lines SNO (Bey et al., 19's), Ua E-- ° *ta

-rr- — 0/
—

[ | , [ | ()

band and Alu-.hare, 1970)

and dthar tumaura (Jarab et * .1

In vitro has not previously been repo. ted.

fert from that of K M (1959)

TI'_

«ho found no assoolation between

tumour cell growth in culture and behaviour In

with prostatitt carcinoma.

7i,2 . T ' '

The ten contlr, ous h”an oesophageal oerclno” cell lines established

in this study wore derived from tumours of varying size and nzsto-

log ocai differentiation as were those described in the literature

Table 23). There was thus no correlation between in

..tro growtt
.umour size end differentiation.

L ; In this respect oesophageal
arninomas differ from ovarian and breast carcinomas where esta-

bi;;hm,nt of satisfactory cultures is more lively from advanced,

well differentiated tumours (Limburg and Hecvman, 1963; Oenjy _

al., 1970).

Although the Esophageal Cancer Research Group., Peking

(1977) re-
0, tp; .

relationship between the pathological type of early oeso-
n.ageal sduamous carcinoma and clinical symptoms, an association

of hi=topathology and in vitro growth was not evident. This may

bB pypiained by the fact that the precise histological g-ading of

tumours is often unsatisfactory (Wilis, 1967) as areas of varying

rlifferbhtlatlon may be present.

;1 2 3 LvmphOf./'e ini iH HE |

Lymphocyte infiltration of oesophageal carcinomas has been asso-



elated with earlier presentation, the absence o, cis”e.nina”io

a nare favourable prognosis (Youn jhusband an... Aiuw. .aie, 1730;,

/at, in the present series, the degree o' Ivnp' locy

into the tumour mass hare no relationship to the extent of

disease, patient prognosis or tissue culture characteristics.

The concentration of stromal cells did not it Lue

behaviour of the malignant cel-is. The piesen”e .J -urjjr

trating macrophages and lymphocyi.es may, howevei , ret1-- vy

mune response taking place within the tumour and influence prog-

nosis of the disease by controlling dissemination (cedes and

Alexander, 1374; Wood and Gillespie, 1975; Lauder i97 ).

Nonetheless, the number of lymphocytes and macrophages presenL
within the tumour mass may not be a true reflection of the host's

response to the malignancy as many macrophages and lymphocytes may

be confined to the stroma adjacent to the tumour (Svennevig and

Svaar, 1979).

H' 4 Fibroblasts and tumour necrosis

Cultures derived from scirrhous tumours did not grow el. ir ,vi:::.
Fibroblast overgrowth of epithelial cells was related to the con-

nective tissue content of the tumour specimens. Best cancer ce”c
growth occurred from soft, non-nscrotic tumour specimens as tumour

necrosis may affect tumour cell viability and ability to survive

in vitro (Giard ct a.., -9 ).

11.2 .5 JJjiant, cell':

The presence or absence of giant cells was not linked with any

1Hlhical features of the oesophageal carcinomas other than tumour

differentiation. Giant cells were particularly abundant in the

cell lines derived from poorly differentiated tumours, though

these cells were obse. .od in all of the continuous lines and in

many primary cultures where they were frequently located towards

the edges of epithelial sheets.

Oesophageal carcinoma plant cells are not an artifact



as they were frequently observed in malignant oesophageal specimens
! 1 (Chaoter 13) and Alexandrova c -t1. (1330) have reported

increased o0loidy and changes in DNA content to correspond to epi—

thelia. cell dedifferent.ation in oesophageal dysplasia and car-

cinoma In situ.

The number of giant cells present in a tumour or cell 1line may

re lect its malignam ootent Lai and abilit> to withstand adverse
condii: -ns (Brodsky and Uryvaeva, 1977 e Geisinjei ai., 1978).
The fact that giant cells divide shows that tney are capable of
continued growth and it 1is unlikely that they are a sign of ir -

pending degeneration as reported by Littlefield and Mailhes (1975).

11. 2. © Patients

In this study the ages and sexes of the patients had no effect on
the ability of a tunour specimen to grow in vitro. The effects,
if any, of race could not be determined since all of the patients
were Zulu. The continuous oesophageal carcinoma cell 1lines did,
however, show similarities to those derived fram, Chinese - EGA 109,
Ca ES-17 and EC- - (De artment of Cell Biology of CICAMS, 1975;
Laboratory Section, Peking, 1975; Yang, 1930) and Japanese - TE-1

and TE-2-{fJishif ra et al., 1379) patients (Table 23).

11. 3 BECUIBIYCIT.; F OE.il HA3EAL CELLS PJ”* GRQ.'/TH IN VITRO

The tissue culture ct idxtions used in this investigation satisfied
the requirements of some malignant oesophageal cells for lengthy

periods and normal oesophageal cells short periods in vitro.

The medium used does not appear to be critical and oesophageal
carcinoma specimens have been successfully cultured in several
different media and continuously growing cell lines established
from cells growing in Eagle's MEM, M 139, McCoy's Medium 5 a and
ARMI 1340 (Bey et al., 19nu; Laboratory bection, Peking, 1976;
Rabin s' ale,1978; Nishihira et al., 1979) supplemented with

foetal calf serum and sometimes pyruvate and insulin.

Factors such as the method of culture initiation (explant tech-



nigue) and length of time before the first subculture was perfor-

med did influence success as did properties of the tissue ««-«<HR"

Cells derived from well differentiated tumours were better a-i- -
withstand the effects of trypsin and sometimes required

iengtny periods (up to ten minutes) of exposure to th.s ..nzy

before cell detachment occurred, while pojriy

cells detached more rapidly (two minutes).

Epithelial cells may be dependent on facers produced by fibro-

blasts (Srean, 199., for their successful growth v !

thn use of fibroblast conditioned medium did promote oesophageal

carcinoma cell growth in primary cultures. Several fibroblasts

were present in cultures of normal oesophageal cells but their

growth promoting effect was minimal. The presence of fibroblasts

and tne use of fibroblast conditioned medium did not have any ob-
vious stimulatory effects on the growth of normal oesophageal
nails in vitro nor did it prolong their lifespan. Both normal
tusuel”“lignant tumours of different tissue origin may have
specific individual requirements for growth invitro (Alexander

et a.., 1976).

IMlignant oesophageal cells showed some morphological and beha-

vioural similarities when examined both ]1n an - anc
"an. cells were observed in both environments. Thus, morpholo-

'h-ai patterns similar to those of the original tumour were main-
tained in culture and cell populations in a primary culture are

thought to reflect accurately the cell population in the original

tumour (HPSick, 1976, Mcr.sca et_al., 1976). The observed vari-

'Ln the growth of cultures derived from malignant tumours

tnos. from normal mucosa may be related to properties of the

ues of origin (Smith, 1973). Normal oesophageal cells under-

wit few morphological changes prior to degeneration and early

enures of these cells closely resembled primary cultures and

riained many of their m“nvo properties. With increasing time



in culture, cer cellular properl!ie- o: ma-ijnail
altered. After repeated exposure to trypsin tne ~n 'a'ly
-f the lines oecame less .ightly adherent and oecau™-- u,e.! w"
i-o longer so closely packed a size increase was evident a
cells spread out over larger areas. urariula, ity anu gr ynt
rate also altered during the transition from tumour explanr tc

primary cell line to continuous cell line.

In the present study lipid droplets were prominent in many rapid-

:v growing, apparently healthy cells derived mainly from poorly

differentiated tumours. The amount of lipid present in tne cul-
tured cells was not dependent on the nutritional status of tre
oatients from whom the tumours were removed and dietary supple-
mentation of the patients had no obvious effect on the amount c.
lipid present in primary cultures of tumour cells. Although
degenerati n has been reported to begin with the accumulation
licid wvacuoles with in cultured cells (Rousseau et al., 1f -+ and
the accumulation of lipid droplets has also been described in
hypoxic cells (Gordon et al., 1977), in this study many of the
cello containing lipid were growing well under in .itro condi-

tions and the accumulation of lipid material may be related to

de novo synthesis (Howard and Howard, 1975).

5 Qt.': ARISON OF CULTURED NORMAL AND MALIGNANT OESOPHAGEAL

CELLS

Although normal oe .ophageal cells initially grew more rapidly in
itro than did oesophageal carcinoma cells their finite growth

p ,*ential precluded the establishment of any continuous cell
ine, > Fevww mitotic figure» were evident and cell division oc-

curred 1in the basal layers of the stratified normal mucosal cul-

tures. Rounded mitotic cells were present throughout the cul-
ture . of malignant oesopr.ageal cellu and the ...tratified structure
nore varied. Toe normal oesophageal colls from all specimens

were similar morphologically and gieni cells were not evident in
primary cultures though they were occasionally observed Curing

., senescence. The presence of giant cells may be related to



n .Irilant an.: the abil It . ¢4 adapt to in vi: t condition: as

joil .mem containing Jjian colli survived for longer periods

vi' no t an those lac<in - these cell The otise* ved differences
bocween normal and nallgnant 0G0 iphagsal cells in vitro allowed
fI' ea y re gnition cf malignant cell after short period- n

vitro.

11. SitNVArh

Tne ten continuous human oesophageal carcinoma cell lines esta-
blished in this L,tudy were all derived from invasive tumours, as
were other oesophageal carcinoma cell 1lines reported in the litera-
;jore. Both biopsied and resected specimens displayed in vltr:
eature dependent on t?*eir In vlc Dbehaviour, though no associa-
ions between tumour differentiation, lymphocvte infiltrate and
.1tro behaviour were noted. Cultured jecimens of normal and
malignant oesophageal tissue could be distinauished easily on the

a of morphology and length of time in wvitro.



] - )JLJ ;- njr;.:al OCL3 AL :.'JCCGA IN VIVO

12. 1  LIJ-T VICHjjCOPY

e hist logical structure uf ull specimens of normal oesopnageal
mucosa examined py light microscopy in this investigation closely
corresponded to that described in the literature (Leeson and
Lessor, 1970; Desmet and Tytgat, 1974; Rhodin, 1974; Bloor and
Fawcetv, 1975; Gardner and Dodds, 1976; Hopwood et al., 1977;
Junqueira et al.. 1977; Logan et al., 1977; Weiss and Greep,
1977; Copanhaver et al., 1979). The stratified squamous non-
keratinised epithelia of all normal mucosal specimens comprised
layers of cells of wvarying morphology. Cylindrical oasophilic
cells of the basal layer were cover d by several intermediate
layers of polyhedral cells, aoove which were the flattened cell

of the superficial layers (Fig. 37).

Fig. 37 Light micrograph showing the stratified squamous aoi”h
lium of nr Tr.al oesophageal mucosa. Bar = iaa 1L ‘e



Although the cells present in the specimens of normal je”ophe“®al

muco;

. from five different individuals did very si. e *i

common features were observed. Ultras true'"ura.

ev-dent between cells of the various laye: Bof the

plasmic organelles such as mitochondria, go”gi appa.a.u- a
plasmic reticulum were best developed in the basally located ceii”

and wvirtually absent from those more superficially situated. Few

tonorilaments were present in the basa. -silIs, ou-

became increasingly differentiated tonofilaments became more

abundant and many cells near the lumensi surface were packed with

filaments of varying density (Fig. 33). These cells displayed

complex outlines and the plasma membrane was thickened at intervals

(Fig. 39). Corresponding area of plasma membrane thickening were

generally present on adjacent cells and may represent regions where

desmosomes were situated. Such thickenings were also well de-

veloped on the lumenal surfaces of superficially located cells

though marginal band formation was not observed. In the super-

f.cial layers of the mucosa intercellular spaces frequently ap-

peared dilated and contained debris.

Bell developed intercellular desmosomes with tonofilaments insert-

_ng into dense attachment plaques and clearly defined layers of in-
tercellular cementing substance were numerous between prickle

cells of the intermediate layer. All desmosomes. had a normal

morphology and no intracytoplasmic desmosomes wert observed in

an. of the cells examined. Cells in this la er contained aggre-

jates of glycogen and tonofilaments. Glycogen and lipid deposits

were also present in the superficial surface cells. The nuclei

in some of the cells of the superficial layers frequently dis-

played margination and clumping of their chromatin. Isolated
wcllen, apparently degenerating mitochondria with fragmented

r.riitae occurred in the superficial cells, while intact mito-

chondria were present in the basal cells.

A-'ti-like structures of diameter 45 nm which resembled the myco-

plasmas described by Maistry and Robinson (1990) were occasionally
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33

Transmission electron micrograph of biopsied apparent le

nchnal human oesophageal cells. Aggregates of fine
ilamen' i replaced most cyt plasmic organelles in the
superficially located cells. Variations in cytoplas-
mic density were related t > the numbers of tor if'iiame tn

present. Bar * 1 yum



Fig.

Tra-'imi ian ;1lt,;.tron micrograph jf biopried ap. irontl
normal human oe aprageal celli. Aggregate of fine*
filaments re; laced most cyt iplasmic organelles ,n the
uperfvcially located cella. Variations in cytopia
mic den sity were related 1 ? the numbers of tonofilari3nt;;

present. 9a: =1 /m



Transmi v-ion electron micrograph showing the irregular
cdlula- . jtlint B o' adjacent, w;, nrficial.y situated,
normal oesophageal cell . ionof liament, li. in close
proximi y to thi opposed pie na membranes which are
thicker d at intervals. Bar * 1AY
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observed in the intercellular spaces Between apparent!- n-jrnal
Cesophageal cells and -everal cells contained large nur.oers

these structures (Fig. 40). Thi was the only reaps-.

the oesophageal mucosal specimens observed in this study dr

from those reported By Desmet and Tytgat (1974); Al Yassin

Toner .1977) and Hopwood et_al. 1

uz \Y%

Tup to 400 nm .ere present in the cytoplasm.
Bar = 1 /v

SCANNING ELECTRON VICF-trkCCT'l

rne superficial oesophageal cells present in all five specimens of

human oesophageal mucosa studied ,t pnivgonai epi-

ézjh , ceUs the surfaces of which were convoluted by numerous
j-Ldoes or microplicae (Figs. 41 and 42).

The microplicae
orientated in parallel rows,

though variations in
.;: . ;, —ern were encountered.

The arrangement and distribution
f

i-oplicae varied from specimen to specimen and also from cell



Fi cl A low magnification Learning e.ectron micrograph of
g clfiarly defined microridges or the super:icie. sLT"aces

of normal numan oesophageal c 1ls. Bar = ID Ak

A higher magnification rcan-..nj e . N: Hlc 'graph
,hawing more detail of the mi. ror . .on the tjperficial

surfaces of normal oesophageal CV1-' “n: 'rceilular
boundar ies are prominent and alevnted. nar = I0 Am



Fig.

nf surface pr jection . Ber - 'O #



..1 oo O erical bul,.. at Irregular intervals (Fig.

. o

%

fram the U cells lyxng beneath such desquamating cells
— ‘ "
J

“lan " tr » -ucn organisms varied from specimen to specimen.
The namesr



Fig. 46 Prominent intercellular borders between adjacent suour-
ficially situated norr.tal oesophageal cells as evident
oy scanning electron microscopy. Bar - 10 /jm

’ 47 Scanning electron micrograph showing a cluster of rricru-
rganismr associated with the surfaces of nor"ml iR i0

phageal cells. Bar = 10 Am



TV . wa. 1;*rie :;uct -nr; vri . present cjn-idering the si'e

ae snage.., .. .—. tie: infr g  s.. 35 erv ;d. A en pre-ant, 'nSy
*ace epitheliu" (Fin. 4 ).
| 45 Scanning electron micrograph, of t region where the

duct (D) of an oesophageal gland opens -an to the surface
£ ¢ normal oc .ip ageal r .cn -a. Bar = 5 /um



UH- nJLUbV O '-A AL CARCINOi.lA SPECIMENS IN VIVO

MiBci: ;arcinoma tumour specimens consist of scattered grouos
sro/. 'g great diversity of size, morphology and
.nson and Gregory, 1978; and Robinson and
this investigation foci of keratinisation
« ), tea: of necrosis and a generally cellular
;1iei of desmoplastic reaction were ob-
). Aoundant metachromatic mast cells were
staining reactions with Toluidine Blue and
Bhi' :.,tram surrounding several specimens but their
orr-' iate obviously witn any other features of
pet-men . Many cells exhibited prominent nucleoli,
paranu laar material and others an apparently

ni: HEn (Fie. 49). Betf mono- and multi-

Fhtg. 49 Light micrograph of Toluidine Blue-stained T 28 oesopha-
geal carcinoma cells. The cells vary in size and ItV
-id several contain prominent nucleoli. Bar = ig /lim



137

nucleate giant cells were present in most of t”*e spec

13. ~ it. # Ll >

Ultrastructural features of the cells in twelve tumour sp---

are summarised in Table 24.

13. 2. 1 Nuclear foature-.

Nuclear morphology varied from specimen to specimen an., even

within the same specimen. Some nuclei were invaginaced am con-
tained inclusions wnile others were regular in size and outline.
Both single and multiple nucleoli were prominent in all tumours

examined.

Intranuclear particles ranging in diameter from 20 - 30nm were

present in clusters in several cells from specimens T 26 and I 35

F-'g. -33). Similar partidea were also observed in a continuous

human oesophageal carcinoma cell line (Chapter 15) and in .peci—

mens of human oesophageal carcinomas grown in the nude mouse

(Chapter 18).

13. 2. 2 Decmosome”

A range 1in desmosome number, morphology and position was evident

;n the different specimens examined (Table 24). Desmosomes were

mo,t prominent in the well differentiated tumours where they were
M > ant at regular intervals and closely associated with tonofila-
menli . However, intercellular desmosomes were present in most
specimens and consisted of two dense attachment plaques ].5nm thick
.Mor'rated by a 35nm interval within which the intercellular contact
la/er, intermedinve layers and light layers were situated. In
.Jme specimens desmosomes ranged in diameter from 60 - 90nm and

showed variation in the thickness and number of layers present.

Intracellular or internalised desmosomes were typically present in
paranuclear positions in T 23, T 34, T 2 > T O , T 23 and 1 35.

These structures occurred at intervals (Fig. b51) with no evidence

of cell membranes between them. Several bands of cementing
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Fig. 50 Transmission electron micrograph showing a cluster of
20 - 30nm diameter particles within the nucleus of T 2c¢
cell. Bar = 1 /jm

sunstance were evident between the attachment plaques which were

a_ Delated with tonofilaments. Intracellular alectron-danse
ircular plaques surrounded by lighter peripheral regions were

present at intervals and may represent sections through the cell

membrane attachment of adjacent cells parallel to the cell membrane

or different planes of section of the intracellular de.mosomes

present within a single cell.

13. 2. 3 Tonofjlaments
There was a strong correlation between histological grading of the
tumours and tonofilament number.

Cells of the well differentiated tumours contained abundant elec-

tron dense tonofilaments, generally in a paranuclear position.



Fig. 51 Transmission electron micrograph showing well developed
tonofilaments (Tf) and internalised desmosomes (ID) in
a paranuclear position in a T 2& cell. The desmosomes
range in diameter and several layers of cementing sub-
stance are present. Intracellular electron dense cir-
cular plaques (P) surrounded by electron lucent regions
are evident. Bar = 1 um

T 33 possessed fewer tonofilaments than expected on the basis of
the histopathological differentiation reported and these struc-
tures were not observed in T 23. Some cells from T 35 contained
ma “es of interweaving tonofilaments which replaced most other

organelles, and f.lied the cytoplasm (Fig. 52).

13. 2. 4 Other cytoplasmic filarm-*.

Aggregates of fine filaments which ranged in diameter from 6 -

16nm (fine and intermediate filaments) and differed from tonofila-
ments, both in arrangement and electron den ity, were present in
several specimens. Paranuclear aggregate., of these fine filaments
were prominent in T 22 (Fig. 53) and were often in close prox m :*

to aggregates of glycogen. Similar filaments were better developed
and more abundant in degenerating cells from T 22 where they formed

bands of 2 - 4 Am diamet er around involuted nuclei (Fig. 4)



Trar urilsicn electron micrograph showing bundle-: of
interweaving tonofilament.. occupying most of the cyto-
plasm of a T -5cell. Bar = 1 pm



ing a paranuclear accumulation of filamentous mater' =1
c). The filament; are 8 - 14 nm in diameter and differ
from the larger cytoplasmic glycogen particles (G). a *
junctional ercc (j) between adjacent cells i;. well

develop- i, Hir -1 “m



Fig. 56 Transmission electron micrograph showing multiple fine

filament: forming a 2 - 6 um band around the degenerat-
ing nucleus of a T 22 cell. The entire structure appears
to lie within the cytoplasm of another cell. Bar « 1/um

Occasional desmosomal remnants were present at intervals in the

filamentous meshworx.

Filamentous bundles and membranous folds were prominent in T 26
and occupied large areas of the cytoplasm in some cells (Fig. 55).
Membranous folds and irregular spaces were present between the

filaments.

13. 2. 5 1.'.g9Jdinoid figure and cytoplasmic bodies

Bizarre, whorled cytoplasmic bodies were seen in a paranuclear
position in a giant cell from T 24 (Fig. 56). These structures
ranged in diameter from 1,6 - 1,3 Am and consisted of concert—;;
cally arrange nempbranou profiles between which were located oar-
tides 16 - 19 nr‘'in diameter (Fig. 57). Although these bodie

were within the limits of resolution of the light microscope they



Fig. 55 Transmission electron micrograph showing fine filaments
of diameter Q - 12 nm in the cytoplasm of a T 24 cell
which is situated close to the boundary between tumour
cells anc stroma. Membranous folds are present at
intervals. Bar = 1 wm

were not evident by light microscopy as being either strikingl.
eosinophilic or basophilic. Other cytoplasmic bodies as seen ;n

I 24 were thought to represent developing forms and consisted of

paired membranous profiles (15 - 19 nm in diameter)with associate-
If. - 20 nm particles, becoming arranged in a concentric fashion
(Fig. 58). Numerous myelinoid figures of varying form and oize

(up to 2,2 Alm in diameter] were observed in cells from moot
cimens, as were agg. .gates of glycogen and fat droplets. Lrr-&
cytoplasmic bodies (3 - 4 Aim in diameter) containing lipid n
other particulate matter, membranout debris and hollow vecic jr

(Fig. 59) were al -o frequently present.



Fig. 56 Transmission el«.c:"on micrograph of bizarre
grap ’

whorleri,
granula:

oodies £~ ir the cytoplasm of a giant T 2
oezopr ageal carcinoma cell "

"nal- e . —
mosumes' (IC) and aggregates of tonofila-ients ;Tf) are
also present. dar = 1"m

% n

¢y Transmission electron micrograph of a T 24 cell showing

* part of a whorled granular body with concentrically
arranged 15 - 19 nm membranous profiles between which

are located 16 — 19 nm particles. A

entral electron
dense inclusion is present. Bar = Q,5



Fig. 53 Transr.issicr electron micrograph showing -laired mem-

branous profiles apparently in the process of forming
a whoried cytoplasm!, oody (W) in a J 2C cell.

Eleo
tron dense tonofilanents (If) are well developed.
Bar = 1 xjm
; Transmission electron micrograph showing a 3,4 dip

ter membrane bound cytoplasmic body in a T 23 cell.
The structure contains lipid ()

glycogen (G) and parti
culate matter. Bar = 1 >um
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Fig. 53 Transmission electron micrograph showing paired mem-

branous profiles apparently in the process of forming
a whorled cytopla - body (W) in a T 24 cell. Elec-

tron dense tonofilanents [if) are well developed.
Bar = 1 <um

oo

59 Transmission electron micrograph showing a 3,4 ~ diam(
ter membrane bound cytoplasmic body in a T 23 cell.
The structure contains lipid (t) glycogen (9g)

culate matter. Bar = 1 /um

and parti-



3V |- Oth°r cyyoplasr.j- organe.les

;fa*’ nhfc ocasQphegea.l carcinoma cells in viy0 were defi-

organelles and appeared pale electron lu—

c>
" ' sometime vacuoiated, though tumours T 23, T23 ana I 31
—-...VnA >were aether developed in the poorly differentiated

tumours, and were most prominent in t 24.

-rochondria of varying morphology were present in the tumour
I'ome -ells contained pale mitochondria with few
cnstae while the mitochondria of specimens I 29 and T 3] posses-

sed internal vesicles. Those of T 29 (Fig. 60) were similar to

coughnut mitochondria described by Ghadially (19-5), though these

may not he true doughnut forms but merely contain GQIXUTIYIC

cristae.

Fig. 60 Transmission electron micrograph showing portion, *

wi- ""T L Z cristae’re

light oall. Bar = 1 /jm

147



The rough endoplasmic reticulum was occasional!, dil.r«=.

amount of golSi apparatus present varied from specimen to P -

vivo, as only small areas of each tumour specimen could

mined Oy transmission electron microscopy.

r ™ t;rrrrror "™ :.ts -rr p

normal human oesophageal cells,

13 3 -r-r — rrTRNN microscopy

;a:eb5 0f specimens of urmal and malignant oesoohageec mucosa.

Differences -ere, no-eve, evident -hen the cell surfaces -ere

viewed at higher magnifications.

L r one cells -itn microplicae nor those lacing these strut-

r @ 5, - r r r ; r r 2z ;
H nc/for cell c'esquamation and these specimens appeared less

6 ! r and "organi .ed” than Those of normal oesophageal mucosa.

re9 f the surface cells in t n malignant biopsy specimens -ere
Many or cn«



r.j. 61 Seaming electron micr”“raph shjwii'g the sparse, irre-
gular micrsplicae end scanty microvilli on the super-
ficial surfaceof Piopciec malignant oesophageal cells.
Bar = 10 Aim

rounded and differed in this respect, in pac<ing arrangement and
al”o in 3ize from the typical large flattened squames present on
the superficial surfaces cf normal nesophag al mucosa (Fig. 61).
Micro-organisms of varying form were detected on the surfaces of

some of the superficial oesophageal carcinoma cells.

Although there wore some similarities between the surface features
of normal and malignant human oesophageal cells when these cells
were examined by scanning electron microscopy, distinct surface
differences which should facilitate the distinction between normal

and mal gnant oe .ophagoal cells were recognised.



rl-. £1 Scanning electron micrograph showing the sparse, irre-

gular microplicae and scanty microvilli on the super-*
ficial surface.—— of biopsied malignant oesopt agea..
Bar « 10 W™

r ,nded and differed in this respect, in packing arrangement and

a; 0 in size from, the typical large flattened squames present on

the superficial surfaces of normal oesophag al mucosa (Fig. 61).

Micro-organisms of varying form were detected on the surfaces of

-e of the superficial oesophagea. carcinoma -ells.

Although there were some similarities between the surface features

of normal and malignant human oe .ophagea. oell-.» when these cells

“ere examined by scanning electron microscopy, distinct surface

differences which should facilitate the distinction between nomal

ind malignant oesophageal cell, were recognises.

ce-"- .
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MUCOSAL CELLS

\a 1 | TQHT i/ICROSCOFY

tnore tightly adherent to one another.

1111 1 EEZEEL

ractild .ranching orocesaes .ere orceent at intervals overlying

refractii « ¢, most of the mucosal cultures,
the epithelial cells (Fig.



14. 2 TRANSMISSION ELECTRON :.'1lC*33CQPV

Rive specimens of cultured normal (apparently non neopla-"t--)
phageal mucosa were examined by transmission electron mic. oj”~ >
Since all of the specimens were consistently similar, this ar-a

of investigation was not extended further. The cultured jB%oo a
geal mucosal cells all grew in a stratified fashion (rig. — ) *nd
these cells, in vitro, showed many ultrastructural similarities to
normal oesophageal epithelial celll in v.vo tin iescribec. by - -
wood et al., 1973. Cell borders were complex and numerous inter-
digitating lateral processes were observed. Desmosomes were al¥*
external or intercellular and functioned in cell attachment *.
Although keratinisation did not appear tn t- caking place an* no
marginal bands, membrane coating gr-'r Les ol <eratohyacine granules
were recognised, the more superfic : ells were more ’'ic"*J c. —

ferentiated and contained aggregat : -1 ine filaments. Such

Fir. 62 Transmission electron micrograph showing the stratified
arrangement of normal human oesophageal cells in vitrn.
The more superficially situated cells contain more tono-
filaments and fewer organelles than these located basally.
Bar = 1/um
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filaments were not as electron dense as the tonot :lumen, .. J-

in tumour specimens of well differentiated es-./

in vi o (Chapter 13). Aggregates of glycogen were presen'- m

many of the superficial cells. Free ribosomes were num”rou
and other cytoplasmic organelles were normal in morcf jlsg.. ¢

autophagic vesicles or lamellar bodies were recognised.

14. 3 SCANNING ELECTRON MICROSCOPY

Five specimens of normal oesophageal mucosa were grown, on gla’-
coverslips and examined by scanning electron microscopy.

the observed cells possessed morphologically similar features anc

will be grouped together in the description which follows.

The flattened oesophageal cells growing from the mucosai explan”®

appeared well preserved and sporadic fine projections or micro-
villi, as well as some complex lateral interdigitations were ob-

served. In order to visualise what little surface detail there

was and to overcome the poor contrast it was necessary to tilt

the specimens to 60° and to use accelerating voltages of 20 -

25 Kv.

Tne explants themselves were not well preserved and many cells in

these regions appeared to have degenerated. Charging and move-

ment of these regions was a problem. Adherent cells which had
migrated some distance from, the explants were best examined.

Aefractile rounded mitotic cells with surface blebs were not

observed. The flattened epithelial cells were packed in a crazy

oaving arrangemen , though many cell boundaries were indistinct.
ells in the central regions of the epithelial sheets showed vir-
tually no surface detail apart from a slight elevation overlying
tne nucleus. There was no evidence of microplicae or micro-
ridgas (Fig. 63) and the surfacesof all cultured norma! oesopha-
gpal cells showed few elevations (Fig. 63) and thus differed
markedly from those of normal oesophageal cells In vivo (Chapter
] 3 occasional short stubby microvilli, some of which sh wed
fine branching, were observed and cells which appeared to have

fa'rly numerous microvilli were found adjacent to cells which pos-

sessed apparently no surface detail.



Fig. 63 Scanning electron micrograph of flattened normal oeso-
phageal cells near the growing edge of a cell sheet.
Cell boundaries are indistinct and sparse fine surface
microvilli are present. Bar = 10 /jm

An undulating growing edge which correlated well with that obser-
ved by interference microscopy (Fig. 13) was present around most
of the explants (Fig. 63) and the cells in these regions showeo
slightly mors surface detail and appeared less tightly adherent

to the substrata. Where these cells had lifted off the substrate
fiick and branched attachment fibrils or lateral processes were
present (Fig. 6C). There was no evidence for the existence of
clearly defined leading edge:, or lamellipodia. While lateral pro-
cesses or attachment fibrils were fine and well preserved on some
of the normal oesophageal cells bordering the region of growth,
intercellular- interdigitations,on the other hand, were consider-
ably thicker and shorter and some cell Jjunctions appeared complex
and showed networks of fine processes (Fig. 65). In the regions
of the explants there were everal large and prominent apparent 1
dead cells 1lying above the monolayer. Such cells exhibited

branching proces .es of diameter 0,2 yun with bulge; at intervc
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Fig. 54 Scanning electron micrograph showing the branching
attachment fibrils anchoring a normal oesophageal cell
to thp glass substrate. Bar = 1 yum.

£ :. 65 Scanning electr n micrograph of the complex, well de-
veloped intercellular interdigitations between adjacent
normal oesopl vjeal cells in vxvo. Bar = 1 >um



mi:!3 contact with a my oer ¢ ce.ls and terminated near the gruv-
-nj edgei Ff the cell —er . imilar prcce”-e were observed

- - - “ler. ;c , ug- theae were larger il - ,
Einc e not ma—;e conta: r wjtt all Jf t ,e epithelial cell:

proceases have not been described in normal oesophageal mucosa

in wvivo.

Fig. 1 A fine HE .* ~x f branching processes superficial t
cultured n .rmal ce .Jjprageal celli as revealed by scannino
electron microscopy. lar ~ 10 <um
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i.'1HPHOLQGICAL FEATURES OF CULTURED HUMAN PESCFHA3EAL

CARCINGi. A GELI.ILi

Since neoplastic cells from several oesophageal carcinoma speci-
mens grew well in “itr : (Chapter .3 and 9), it was possible to

examine both primary cultures of malignant oesophagus, as wei. a-
ten continuously growing oesopnageal carcinoma cell lines at dif-

ferent passage levels.

15. 1 LIGHT MICROSCOPY

All successful primary and continuous cultures of malignant epithe-
lial cells obtained in this investigation were examined live by
interference and phase contrast microscopy (Figs. 15 - 31) and,
fixed and stained, by conventional light microscopy. The carci-
io-a cells from different specimens varied in size, granularity

and degree of adhssion to the substrate (Tables 18 and 19).

Ail specimens were examined as primary cultures and features such
as epithelial cell size, adherence and morphology noted (Tables 18
and 19). Those cultures which persisted and became continuous

lines were further examined at three monthly intervals.

The ten oesophageal carcinoma cell lines were derived from tu-
mours of varying differentiation and owed distinct morphologies
and growth patterns which facilitated their identification. The
epithelial cells comprising the cell nes Hcu 13, Hcu 33, Hcu 35,
Hcu 50 and 8 17 (derived from well and moderately (Hcu 50 and

p 17) differentiated oesophageal r.arcinomt. *) exhibited similar
growth patterns. Rounded, non-refractile, agranular cells were
present, eitner a, islands of closely packed cells, or ir layered
form with the cell-, tightly adherent to one another. Cells from
lines Hcu 10, Hcu 18, Hcu 37, Hcu 39 and 8 5 were more angular

and not as den aly packed, nor as tightly adherent as those in the
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farmer lines. Cells from the lines Hcu 1C, Hcu 13, hsu

39 end 8 5 contained many paranuclear lipic droi iet,

cells of lines Hcu 13 and Hcu 33. Such droplets «ere p-r..scu

larly aoundant in giant cells and were also recognised in f e

cells of many primary cultures.

AS.hough mono- and nultinuoleated giant cells were present in all

of the cell lines, their number and arrangement varied from lm=

to line. They were most numerous and reached sizes of up to

130 Aim in lines Hcu 10 and Hcu 13
HCU 13,

(Chapter 3). In the line
multinucleated giant cells were dominant and cells wsu

UP to sin nuclei were observed, though most of these large cells

contained three or four nuclei.

The giant cells present in -me,.

cu 10 and Hcu 35 were predominantly monoclasted. Most of the

giant cells showed an eosinophilic staining reaction but the few

observed in line Hcu 33 were strikingly basophilic. Giant ceils

of varying morphology were also noted in many of the primary

cultures which did not develop into continuous cell lines.

With the exception of cells from the line Hcu 13 which showed a

dramatic change in type and morphology during the first few

mont-5 in vitro, few morphological changes were evide-n when

cells from the lines ware stained with Way-Grunswald Giemsa and

examined at intervals.

BS. 2 TRANS*. ISulOf. YICWJjCOH1

5. 2. 1 krimdir . culture _

The number of primary cultures prepared for and examined by

transmission electron microscopy was limited by their availability

, ~though expls its of earn tumour specimen were placed in a minimum

of four flasks, good growth of epithelial cells was typically only

a ant 1in one or two flasks of each specimen. The growing cells

PryB left in tissue culture for as long as possible in order to

A

determine their potential in”*.ro.

In those specimen where

growth occurred in three or more flasks, the contents of one
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ela.:- wc-ra oré&parsd for electron mic' copy. Thus, primary cui-

'ures / the tumour andbiopsy peci. ns H:.u 1 , h-v ¢.1, h-j>
Hcu G , Hcu 35, Hcu 50,31, B 2, 3 5and 3 13 were examin'doy

transmission electron microscopy.

The epithelial cells in those primary culture” derived

dif erentiated tumours (Hcu 32, Hcu 35, B 13) displays” aou vdan.

tonofilaments and desmosomes, though the numbei of - jn ‘3 nT-
decrea.-ed lignificantl- v.ith increasing time in culture.

rilament were also observed in ce”ls of specimens H,u "1,

Hcu 50, B 1, B 2 and B 5 where they typically were situated in a

paranuclear position. Cells “rom specimen B 5 posst -"eu fa. mo.
tonofIlaments than expected on the basis of histological grading
'poorly differentiated). Intercellular desmosomes of normal
morphology were present and well developed in cells of all the

orimary cultures except Hcu 18, while internalised desmosomes

were present in cultures of specimens Hcu 3i anu 9 .

From an early stage the cultured cells in most specimens assumed

stratified form with piling up of cells particularly prominent

adjuisnt to the tumour explant.. Ultrastructura” features asso-
ciated with xerat “nisation were observed in the cultures derived
from Hcu 32 and 3 13. The cells were packed with tonofilaments

and several superficial cells developed prominent marginal oands,
became completely cornified and desquamated. The surface cells

n contact with the culture medium displayed varying numbers of
microvilli and many cells showed complex lateral interfaces with
projections extending into the intercellular specss. Electron
dense mye”noid bodies of varying size and morphology were promi-
nent 1in all primary cultures and other large bodies containing
n,articulate debris were observed, particularly in the layer of cells
n contact with the substrate. Lipid droplets were frequently

sQciated with these structure.. Large aggregates of lipid

material ware prominent in Hcu 50 cells (Fig. 67). Mitochondria
n nil of the specimen, appeared dense and well preserved and the
vacuolated forms noted in in vlvu specimens (Chapter 13. 2. 6)

vsre not observed. Other cytoplasmic organelles present in these

oecimena were of normal morphol gy. Nuclear outlines were regu-



lar in all specimen.. , though wuenos irregular nuclear ir: B

were evident in cells fro ncu 23 and 3 3.

Fig. 67 Transmit: on electron micrograph of cells in a primar;
culture initiated from an explant of specimen Hcu 50.
Lipid droplets (1) are abundant and a myelinoid body
(9) is present. Bar = 1 yun

The cells present in primary cultures of the tumour explan-r from
.vhich the cell line Hcu 13 originated differed in several respects
from those in the specimens described above and also from cells of
the continuous line Hcu 13. Stratification was minimal and elonga-
ted cells of 100 yun and more in length containing branching pro-
files of smooth endoplasmic re:i:ulum which extended virtually
throughout their entire length were present. Genera'ly two or
three profile: ran parallel to one another and this smooth endo-
plasmic reticulum was continuous with the extensively branched
delated rough endoplasmic reticulum in several regions. rmy
ribosomes were a. related with the: rough endoplasmic reticulum
which v/a . filled with opaque material. The goigi complex wa

dilated in some regions where it approached rough endoplasmic



reticulum. Aggregates of microfjlaments were present in the
peripheral regions of the cells and pinocytotic vesicles were
abundant both at the superficial cell surfaces and along tns sur—
"aces where cells made contact with the plastic substrate. Des-
mosomes and tonofilament; were absent, as were myelinoid bodies.
Smaller, more rounded cells wich ultrastructural features (desmo-
somes, tonofilaments) more typical of ep' al cells appeared
after nine wee<s 1i- vicrn and rapialy repi .”a the large cells.
The smaller cells were connected by complex lateral Dborders and
interdigitations and showed some similarities to cells of the
early primary cultures in that they retained numerous profiles of

electron dense rough endoplasmic reticulum.

Connective tissue cells were frequently present in primary cul-
tures and many elongated fibroblasts with well developed rough
endoplasmic reticulum were identified in positions away from the

explants from which they originated.

Although early primary cultures showed many similarities to the
.'i, o tumours from which they originated, the cultured cells
then began to lose some of their specialised features, such as
abundant tonofilaments and desnosomes and morphological changes
accompanied the transition from a primary culture to a subcultured

cell strain or to a continuous cell line.

15. 2. 2 Continuously growing oesophageal carcinoma cell lines

Apparently healthy cells from all ten of the continuously growing
human carcinoma of the oesophagus cell lines were prepared fo
transmission electron microscopy 1i' situ in the flasks in which
they were growing (Chapter 6. 2. 2. 2) on at least three separate
occasions after varying periods in vitro. Lines Hcu 10, Hcu 13
and Hcu 19 were each examined on six separate occasions and were
further studied after being prepared for electron microscopy by

pelleting (Chapter 6. 2. 2. 1).

Those cells prepared by pelleting assumed rounded forms though

complex surface microvilli persisted. Some pelleted specimens



were difficult to study as many hard residues in the pellets wrich
frequently consisted of keratinised and degenerating cells maoe

cutting of thin sections difficult.

Although there were difference Dbetween cell lines derived :r3m
different tumours, some basic features common to all oesophageal
carcinoma cell lines did emerge. Some of the ultrastructure,
features which characterised each cell line are summarised in
Table . Cells from the same tumour line in different ;lasks
and viewed at different times wvaried slightly in appearance,
though on the whole, cell morphology remained constant over a

numbei of passages.

15. 2. 2. 1 Stratification

Cells of the oesophageal carcinoma lines which at one time were
thought to be growing in monolayers were actually arranged in a
stratified fashion (Fig. fl;). All specimens revealed cell layer-
ing with the number of layers ranging from 2-3, the well dif-
ferentiated lines being more complexly stratified. In cell 1line
Hcu 13 only two layer.—j of cells were evident and elongated thin
cytoplasmic processes formed a superficial layer over the more

rounded basal cells.

A layered arrangement was also observed in cells prepared by cen-
trifugation where a smooth outer surface around the pellet was
provided by a layer of cells containing numerous dense mitochon-
dria. This suggest., that even when the normal arrangement cf
cells is disrupted by trypsin!nation, some cells assume a super-
ficial position. The typical stratified arrangement of the cells
in the flasks resembled the in vivo situation as the more super-
ficial cells were better differentiated than the basal cells at-

tached to the plastic substrata.

15. 2. 2. 2 Tonofilamentr

Tonofilaments which represent insoluble differentiation products

of both keratinising and non-keratinising epithelia (Lazarides,

lel
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Fig. 69 Transmission electron micrograph showing multilayered
Hcu 13 cells growing on the plastic surface of a tissue
culture flask after their fourth successful subculture.
The more superficial and better differentiated cells
contain bands of paranuclear tonofilaments (Tf) and are
joined by numerous well developed desmosomes (5).
Electron dense myelinoid bodies (MB) are prominent in
the basal cells . Bar = 5 Am

IJJ0) were observed incells of all of the oesophageal carcinoma
lines, with the exception of lines Hcu 37 and Hcu 39, but were

not as abundant as those present in some of the primary cultures
studied. Aggregates of tonofilaments were particularly pro-
nounced in association with desmosomes and were most abundant in
cells of lines derived fromwell differentiated tumour ; (Hcu 13,
Hcu 33 and Hcu 35). Tonofilaments were also particularly promi-
nent in line B 5, derived from a poorly differentiated tumour,
where they formed dense paranuclear bands. Tonofilaments accumu-
lated in cells away from the ba al layer (Fig. 69) and the ,uper-
ficial cells ,requently appeared to lose all cytoplasmic org;nelles
at the expense of filament accumulation and acgquired a prominent

marginal band of dense material which increased the thickness of



Fig. 69 Transmission electron micrograph showing well developed
tonofilaments which nave replaced most other cytoplasmic
organelles in a superficial cell of the line 9 5 after

three months 1i- .itrs. Dense aggregates of paranuclear
tonofilaments are present in the adjacent cell.
Bar = 1 um

the plasma membrane (jessen, 1970). Keratinised cells were most

numerous 1in line i Hcu 13 and Hcu 33 and many of the pelleted cells
from the line Hej 13 had well developed marginal bands Surrounding

a meshwork of fine filaments (Fig. 70).

15. 2. 2. 3 Desnosomes

The presence of desmoeomes in cells of all of tne continuous cell
lines provided confirmation of the epithelial nature of the cul-
tured cells. Large number, of desmosomel. were anticipated as a
large desmosome field is unique to the oesophagus (hopwood et al.,
1978). A range of desmosome morphology was ob arved (Robin.on and
Maistry, 1931) and many desmosomes differed in the number of bands

visible in the cementing substance between the thickened outer



Fig. 70

Transmission electron n.sro-
graph showing the thickened
plasma metnnrane or margins:
band bordering a highly dif-
ferentiated Hcu 13 cell wt icr
xs filled with a meshwor

of fine filaments. This
cell '"as prepared for elec-
tron microscopy by pel-et-
ing. 3ar = 0,1 Aim

plasma membranes of the joined cells while other desmosomes

seemed to be missing the layer of cementing subL~an_e.

Most cells were separated from the plastic surfaces c, vhe -lasks

n which they were growing and had hemidesmosomec at infrecuent
points of contact. Cells from the lines Hcu 13, Hcu 33, B 5
and B 17 contained internalised desmosomes which were similar to

those observed in tumour specimens :n vivn and associated with

aggregates of tonofilaments (Fig. 71) while cells from line Hcu
33 contained apparently internalised hemidesmosomss (Fig. 72).
CelIs prepared by pelleting revealed fewer desmosomes than those

sectioned In situ in the flasks in which they were growing.

15. 2. 2. 4 Nuclear feature,

Nuclear features, such a BMshape and degree of chromatin condensa-

tion of the oesophageal carcinoma cell lines examined in this study

are summarised in Table 25. Nuclear outlines were complex (Fig.

73) in many of the lines and variations in chromatin distribution
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Fig 71

Transmission electron

graph showing intracellular
desmosomes with associate-

tonofilaments in the cyto-

olasm of a hcu i3 cell a ~
3ix months in vitro.

Bar = 0,1 /jn

Transmission electron micrograph of internalised heml-

desmosomes in a

Bar

0,1 /Jdm

Hcu 33 cell after five months in vitro.



annulate Lanellae (AL) are present adjacent to the in-

voluted nucleus. Bar = 1 #un

were observed. Occasional nuclear inclusions were present in

lines Hcu 33 and Hcu 50. Irregular nuclei ana filamentous nu-

clear inclusion bodies have been described as a feature of normal

oesophageal ceils (Desmet and Tytgat, 1974). Most of the inter-

pnase Hcu 13 cells examined presented marked marginalion of cnro-

matin while smaller proportions of ceUs in the other lines showed

this phenomenon.

A number of electron dense intranuclear particle” or granules was

observed. The larger particles (35 nm in diameter) present in

eli line Hcu 37 (Fig. 74) were identified as perich Jjmatin gra-

nules (Ghadially, 1975) which arc normal nuclear components.

ntoe

. chromatin granules were also present in mott specimens. In

the eil line Hcu 13 striking intranuclear particles of diameter

no 30 nm were present in clearly defined clusters of 20 - 40

particles (Figs. 75 and 76) 1in a peripheral position in the nuclei.



Fig. 74

Transmissirn electron

intranuclear particles,
nm in diameter, wnich are
surroundeu by clear hales.

Bar = 1 /jm

These asymmetrical structures [Fig. 76) were not always observed

, en cen 5 from line Hcu 13 were studied but seemed to occur a-

intervals. When present they were located in some -H per cent

of sectioned nuclei. This implies that they occupy a fairly
large area of the nucleus as in each thin section only a small

portion of the nucleus is viewed. Their cyclical occurrence

appeared unrelated to the nutritional status or degree of con-

fluency of the cultures. Similar particles were also seen in

T 24 and T 33 in vivo (Chapter 13. 2. 1).

There was much evidence of mitotic activity and several dividing

.~..115 were observed with condensed chromosomes attached to spindle

microtubules or at the beginning of chromosome condensation prior

to spindle formation. A late stage of division is shown in Fig.
77 where two cells in the process of completing cyto-Kinesis

are joined by the ZwischenKSrper (Tobias, 1955)



; liremission electron micrograph showing a pnni---

.uster of 20 - 30 mx, particles in a peripheral posi-

.on in the nucleus of a Hcu 13 cell prepared for elec-

tron microscopy by pelleting after 15 passages. Bun-
dles of tonofilaments in the cytoplasm reflect the re-
tention of differentiated functions. Bar = lyum

Fig. 76

Transmission electron micro-
graph of a clearly defined
cluster of intranuclear
particles in a Hcu 13 cell
after 25 passages.

Bar = 0,1 Am

ft

169



Fig. 77 Transmission electron micrograph showing two Hc_ 1 ¢,

in the process of completing telophase.
ioined by a Zwischonkttrper with associated micrc.ubul-

Bar = 1/um

15. 2. 2. 5 V /elinoid bodies

Mvelinoid or dense lamellar bodies were present in aevf”a. cell=

of all of the different lines and were abundant in clow gi owing
and confluent cultures. They assumed e variety ci :orms ibeing
different size, density and substructure) depending o the

of differentiation reached. Whorled inclusions we; e mo:r pi -
nounced in the more superficial cells, while dense bodies predo-
nmeted in the cells attached to the substrata. These structures
were sometimes associated with 1lipid droplets, but there was no
evidence for the presence of glycogen in association with myelinoid

figures.

1= n. 2. 6 Ck @ o-rU and filunom

Dense aggregates of cytoplasmic rods (approximately 40 nm in dia-

meter) were observed at intervals in cell lines Hcu Id, Hcu u.



and Hcu 37. These structures differed from lamellar

—U...

oeing more regular, clearly defined and having a de

structure. The component sub-units were all of

sions and separated by small spaces 'Figs. 7, a —

aggregates of rods did not appear to be '-rani,

frequently present in close associat--F wiut mivO-hor

Small, elongated, clearly defined, electron dense cytoplasmic "

structures which resembled those present in i —- a———-

were observed in lines Hcu If, Hcu , H-u

structures were 3 - 14 nm in diameter, of different density to

ribosomes and differed from tonofilaments in occurrence and

arrangement (Fig. 80). They were visible in both transverse

and longitudinal section and seemed to follow a wavy course (Fig.
31). Though the 8 - 14 nm filaments were observed on several

occasions 1in metaphase cells, they were also present, albei- 1in

smaller numbers, in interphase cells.

In lines Hcu 33 and Hcu 37, these structures were observed in

association with paracrystalline bodies which consisted o* a-rays

of apparently similar fine filaments (Figs. 92 and 83). Para-

crystalline bodies, however, wvaried both in theiroverall dimen-

ions and in the dimensions of their component structures.

O-her microfilaments (5 - 7 nm diameter), microtubules (25 m, dia-

meter) and intermediate filaments

F.g. 84)

(10 nm diameter) were recognised
and transient filaments or tubular bundles were prominent

in paranuclear positions at intervals "n cells from lines Hcu 10 and

He 13. Aggregations of microfilament were evident forming the

c/toskeleton of some cells of lines Hcu vl, 8 o and B 17. Micro-

f:laments were abundant in those regions where the cells were close

to the plastic substrata, were sparse in the centrally located

-ells and present 1in some of the superficially situated ceils.

15. 2. 2. 7 Other cvtnpla ,mlc organelles

In most of the lines, the mitochondria appeared rounded and dense

with dearly defined criutae. Two morphologically distinct cell

populations were evident in early cultures of line Hcu 13. One



cell after 25 passages. Bar = 1/um

*

. » X
£ i %
r. %
. Transmission electron micrograph showing a group of dense
Fig. 79 cytoplasmic rods (40 - 45 nm in diameter) in both trans-

verse and longitudinal section in a Hcu 3/ cell.
Bar * 0,1 /jm
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b

30

Transmission electron micrograph showing cytoplasmic

filaments or particles (P) which are 9 - 14 nr dia-

meter and lie adjacent to profiles of rough endopla imic

reticulum in a Hcu 3' cell. Bar = 0,1 /-~

A, ¥ "<V

Transmi ;Aon electron micrograph showing cytoplasmic

filaments of 8 - 14 nm diameter in both transverse and
longitudinal section in a metaphase Hcu 13 cell.
Bar = 0,1 /im



Fig. 32

Transmission electron *i=r:-
iranbmis

graph of a paracrystail.ne
£ By, r iHL1StS

line Hcu 33.

. X I
& 5 Fig. 83
Transmission electron micro-
re V <> - .
graph of a filamentous para-
é} 3 ! nuclear body in a Hcu 37
cell. Dense pericnronatin
] * granules are peripherallv
1 situated in the nucleus.
Bar = 0,5 "im
> 3 \
@2 * *

. population contained numerous danse mitochondria m a elec-

~.rn dense cytoplasm populated by free ribosomes, while the

1Lond cell population had an overall pale appearance and fewer

undria. Cells of the line which subsequently emerged con-

d dense mitochon Tie and few free ribosomes.

174



Fig. 86

copy 3/ pelleting. Bar - 1

Ali of -he cell lines contained apparently norma: cytoplasmic rrja-
neU.B in varying proportions, while structures such as annulate
,anellae were present in cell lines Hcu 10, Hcu 10 and Hcu 37, all
aarivnd from poorly differentiated rapidly growing tumours a
, in greater undance, in line Hcu 13 derived from a well
B —-ferentiated souamous carcinoma (Figs. 73 and 35). Intracyto-
nic confronting cistern., were Ob erved in the rapidV. growing
.H u 10 (Fjj. 86) and the rough endoplasmic reticulum was par-

uLariy well developed, dense and dilated in line Hcu 1 V ig.

17).
Marked hypertrophy of the golgi complex was observed in all of

I,,, Unea examined and active Budding of the golgi apparatus was
fysquently seen, particularly in the lines Hcu 13 and Hcu 33 (Fig.
Hounded cytoplasmic granular structures of varying size
occasionally observed. Some 45 nm pa. sides which may re-

*00 ent membrane coating granules were present in small groups near



A S - .

£ L] 15

Transr.is-ion electron micrograph showing wei.
|l

dev iioosd
annulate

lamellae in the paranuclear cytoplasm ot a cell of
"ine Hcu 13. Bar = 0,1 #"

Fig. 06

Transmissio" electron micro-
graph showinc profile: of
opposed membranes forming
confronting cisternae (C)

in the paranuclear cytoplasm
of a poorly differentiated
Hcu 10 cell. Bar = 1 Am



Transmission electron macrograph showing tranc -"j c---
files of dilated electron dense rough endoplasmic reti-

culum in a rapidly growing Hcu 13 cell after four months
in vitro. Bar * 1 pm

Transmission electron micrograph showing spherical vesi-
cles budding from the golgi apparatus

in the cytopl” 1 of
Q Hcu 13 cell. Bar = 0, A



regions of cell contact in cells from line o.

evident in packets in the superficial cells He

moA
,e

3 5 and 8 1? (Fig. Us).

. 30 Transmission electron micrograph showing a dense par-
ticulate aggregate of glycogen in the cytoplasm of a
9 17 cell. Bar = 1 AJ™

3 f-C A'fjri ' r-LtICTRHJ '.'IChJjQTY

A ;though many attempts were made to inilide primary explant cul-

tures of oesophageal carcinoma cells on glass coverslips.tumour

.-t , unlike those of normal oesophageal mucosa, did not

at., n readily to the glass substrata and those few which did, be-
came detached during specimen preparation. it was, therefore,
put po i1dle to examine primary cultures of human oesophageal

ced'dnames by scanning electron microscopy.

nn .11 of the oesophageal carcinoma cell 1lln > with the excep-

.fyru 50, were prepared for and examined by scanning elec-

tron microscopy each line showed unique morphological features



which are summarised in Table 2- and wnich

be distinguished from one another. Cell

and j ~ i-nes
varied and cells f-om all of the oesophageal carcinoma c .
were characterised by numerous surface projections wvmicrovil

lateral processes and blebs) and could readily be dictmguishe

from cultured normal oesophageal cell 3.

15. 3. 1 Vilcrovill

Although no cona:stent differences between the surface features
cf well and poorly differentiated cell lines were recognised,

microvilli appeared longer and more abundant in lines from poorly

differentiated tumours. Microvilli were most numerous and best

developed on cells from line Hcu 10 (Figs. 90 and 91) where these

long branched structure, frequently overlapped regular spherics,

indentations thought tc represent pinoeytotic vesicles. Microvilli

were abundant on the cells of line B 17 while elongated forms were

prominent in lines Hcu 35 and Hcu 37 (Table 21.).
;0 most of the lines microvilli were confined tc the more central

regions of the cells and,

with the exception of line Hcu 10, were

not distributed over the entire cell surface. Large flattened

;.ant cells generally lacked microvilli while these structures

Bere more prominent on the smaller rounded and angular cells.
Thu- , the greater the surface area covered the fewer the micro-

villi that were present.

c'W:Ir

4

Badiating lateral processes which differed from microvilli

B bring longer and confined to cell peripheries were particularly

'-eminent in lines Hcu IS, Hcu 33, Hcu 35 and Hcu 37 (Fig. 92).

'he;e lateral processes were occasionally branched (Fig. 93) and

in"lines HcU 18 and Hcu 37 frequently possessed small blebs at

intervals and had slightly expanded rounded tips. Line Hcu 33

'assessed long thin contacts which were well preserved.
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Fig. 90 Scanning electron micrograph showing cells of line
Hcu 10 on the surfaces cf which microvilli are well
developed. Bar = 10 yun

] A high power scanning electron micrograph showing t
arrangement of microvilli on the surface of a Hcu 10"
Bar = 1 yumn



Scanning electron micrograph showing well deveiopv

Fig. 92 lateral procasse- extending between angular n_i . i
cells. Bar = 10 Am
~J .. T¢t
JCk. —
93 Scanning electron micrograph of long branchin latera
Fig processes extending from the peripheral region of HMK:u

1d cell. Bar B 1 Aim
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15. 3. 3 Ot'ier ..urfg-'

Areas of cell contact varied in their degree of ueve-

-n
one line to the next, and wore responsible for

nisable differences when cells irom the various lint we.-

by scanning electron microscopy (Table :) -« Ce”.” contacts (

cellular bridges) were particularly well developed in toe weir

differentiated line, Hcu 13 (Figs. 9* and 95) where prominent cyto-

plasmic processes bridged the intercellular spaces. Where such

processes made contac with those from adjacent cells, numerous

well developed desmosernes were observed by transmission electron

microscopy.
Blebs were of variable occurrence and were most pronounced on

rounded mitotic cells in all c<¢* the Irnes.

15. 3. 4 3isn- cel:.

By scanning electron microscopy and tereo imaging the giant ce.re

present in all of the cell lines were seen to be "lower” or closer

to the substrata than the adjacent smaller cells and to cover a

large surface area. Thus the volume increase in the giant cells

may not be as large as 1s suggested by their %rea increase and

3n g the cells reach a certain size they "spread out" anc adhere

more strongly to the substrata.

15. 4 SUMMARY

Ultrastructural and surface features of cell of primary cultures

jf malignant oesophageal cells and of the continuous oesophageal

carcinoma cell lines established in this inves Lgation were

studied and each of the continuous cell lines characterised mor-

unologically. Similarities between the lines were noteu - well
1 the presence of structures such as intt anuclear pai >icles, cyto-

plasmic rods and filaments, intracyioplasmic desmosomes, filamen-

tous aggregates and annulate lamellae.



Fi:. 96 Scanning electron micrograph of cultured Hcu 13 cells
which are connected by well developed intercellular
bridges. Microvilli are fine and short. Bar = 10yu-

95 A higher magnification scanning electron micrograph
living a more detailed view of the intercellular bridge ,
which connect adjacent Hcu 13 cells. Bar » 10/jm



UuTRA-TI- _Rt_2_ :

IN VIVO - I[ m 2

l16. 1 A mmi.:"AHT:—JON OF the UP RASTA,rTHAAL FEATURES OF MO«."L

CORRESPONDING C LL;

When normal or me ignant cells are cultures f :r “er.uO-

time they may undergo adaptations! changes and lose functional

-H
Therefore, the appearance of cells cultured for snort periods in

vitro is ofter more consistent with their character in vivo, than

i3 the morphology of cells from continuously growing cell lines.
The informati >n obtained from short-term tissue culture cf malig-

nant specimens has been used to establish tKe tissue of origi

.naolastic tumours (Kadln and Bensch, 1971)and to identify morpho-

logical features associated with in -gvo invasiveness (Gershman at

M., 1979.)

Cells growing 1in a primary culture should most closely approximate

those in the tissue of origin, since such cells have not been re-

peatedly exposed , the proteolytic effects of the enzyme trypsin

which appears to cause membrane change (Ricard and Hay, 1976) and

t0 affect the structural integrity of the bilayered cell membranes

[Anghileri and Dermietzel, 1976). Some changes are, however,

expected during adaptation to tne in vitrn environment.

Ifi i, |1 N n: r; .ijin-. i*ni cells in viv:

The epithelial cells growing in all of the primary cultures of

normal oesophageal mucosa differed in several respects from

those in vivo, although they did retain a stratified arrangement

and some differentiated functions. As normal oesophageal mucosal



cells survived for only limited periods -+ H

- >

cultures and no continuous lines cou”d be invent!jc.

structurally.

The most marked changes which occurred during ud-t'-s-i -n

in vitro environment were those involving the cell iemorane

(Chapters 12 and 14). In all specimens the superficial cell

surfaces in contact with the tissue culture medium differed

mar edly from those abutting cn the lumen of the oesophagus r

vivo. Normal oesophageal epithelial cells

evidence of microplicae and the lateral cell borders were not

elevated. Instead of microridges the surfaces of cultured ap-

parently normal oesophageal cells were interrupted by short,

sparse, stubby microvillie

A possible explanation for the reduction in ordered surface acti-

vity of cultured normal oesophageal cells is that the extra iem-

prane used for the formation of microridges m ,vivf was used to

increase the surface area in vitro. Alternatively, the presence

of aequeous medium bathing ie superficial cells m v : ml3 *

be responsible for the cell surface alterations. 9y transmission

electron microscopy oesophageal cells in”i”“tro appeared more uni-

form. than those in vivo. Cell Differentiation m vitro was not

as advanced as in vivo, the numbers of tonofilaments and other

filamentous aggregates being reduced, though cel; border? were

complex and desmosomes remained well developed. ihe observeu de-

crease in o. ,ferentiation may account for the absence of micro-
r Jjies, as the accumulation of semi solid filamentous material in
vivo may cause the cytoplasm to become rigid and the cell mem-

brane convoluted.

Glycogen, which was typically pre ant in the auperficisl cells of

oesophageal mucosa in vi.o, persisted in”vrtro. There were no

mar ted alterations in the morphology of other cyt 'plasmic orga-

nelles and cells from different specimens had a consistent mor-

phology in vitro. Thus, normal oesophageal cells /'\ , Were

easily characterised to allow for future recognition.

The attachment fibrils extending from cultured oesophageal cells

195
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at the growing edge of the call sheet to trie su !

Monologue in vivo. Another feature which appeared ¢ inf

the in vitro situation was the presence of fine 'n- nelL

works of processes which extended for large e¢*—"3nc3- j-e-

surfaces of man; oesophageal cells in contact w™-t - - -

j.-ure
medium and whicf were sbserved in all specimens. -iuC' p*: i u !
which have not been pre ously described, may represen.. , Xn or

some connective tissue fibre or be providing innervation for tne

oesophageal cells in vitro. the rounded structure-, wr H we. e

superficial to tne epithelial cell sheet and from which these

processes originated nay be dying or desquamated ”“ellu nr -xore

form of nerve cell. The fine processes observed by scanning

electron microscopy had similar location;-, the la. ger p. ojec

tions which extended over the epithelial cell sheets and which

were resolved c¢ . light microscoo. (Chapter J, though the size

discrepancy it difficult to explain.

15. 1. 2 . B r.I — 7

As the cell; growing from many specimens of oesophagea. carcino-

mas had an indefinite m ,itr; lifespan it was possible to examine

both primary and continuous epithelial cell cultures derived from
oesophageal carcinomas and to compare the cultured malignant cells

with those

All of the t > our spt ;imens examined m vivo were somewhat di ferent

from one another, though well differentiated tumours showed simi-

l-orities to me another and generally displayed abundant tonofila-

ments, while poorly differentiated anaplastic forms typically con-

reined dilated rough endoplasmic reticulum and numerous cytoplasmic

onanelles and retained the ability to differentiate further.

Ultrastructural feature such as multiple 'eoli, invaginated

nuclei and nuclear inclusions have been describee- in other malig-

nant specimens 1° i. - (Qhadially, 1975; Birbeck, 19/f ; Sobel

and Marquet, 1930) and are probably related to abnormal nuclear

metabolism. Structures such as tonofilaments are abundant in

keracinising epithelia (Green, 1977; Hopwood et alm, 19 ¢ and



their presence is, therefore, to be expected !

tieted keretinising carcinoma cell”.

There were many similarities oetween the oesopnage-a”? car*-n“*ma

ceils growing in primary culture; and por re s -
Differentiated features such as tonofilaments an.. m*n_e.
and intra; .toplasmic oe m ime were pronj.nen However ,

bizarre vacuolated cells with whorled bodies were noted in primary

;ulture_. and the cells were more electron den e than those

since cytoplasmic organelles were more numerous. These morpho-

logical changes may be indicative of functional adaptation to
growth conditions in an altered environment or be relatec to se-

lection of the less differentiated or special, -ed carcinoma cell”

as - ae setter equipped to sur-. ; i N

The continuous! growing oce: ophegeal carcinoma cell lines, although

derived from clinically similar tumours and anatomically similar
site , showed a range of features .~ 1 — Chapter It). Cel™*

lines deri ed from well differentiate tumours (with the excep-

tion of line hcu 39) wad tame Ir atities in growth pattern,

stratification and iagree f adherence 1i.as revealed by the abun-

dance of desmosomes), while those derived from poorly differen-

iated tumours were not as complexly tratidied end were c arac-

t.eri >ed by loosely packed angular cells, disoiaying fewer desmo-

sonej and tonofilements and relatively more surface projection”.

There was, therefore, ,ome correlation between eatures observed

sm vitro by scanning and transmission electron mic. o".copy and

tumour differentiation in HE> , this 'act .ndicating t:hat cells

invilLi retain some of the featu -as which characterise them in

vivo.

All of the primary cultures and continuous ceil lines had dis-

tinct and unique morphologies, as did the oce -nageal carcinomas

invivo. Such features may be related to the genetic properties

of the tumours and the individual: in whicl they were growing.

Malignant oesophageal cells in vitr

f-

showed more evidence of sur-

3 activity and long intercellular contact i than those j* wivo

pnd this may be related to the way in which carcinoma calls adapt



to the artificial A ' environment.

In s5pi".e 3f the ooserved u.fferencu.. between Ct»-i

or " —-
vive and in vitr ,, a thorough investigation of continuously grow-
ing cell lines may provide int ormation whiuii i e .e.-van”?”

eventual benefit to the ;jal Lent.

Specimen preparative procedure afdacted cell

logy and ultrastructural

=e.lecuion nn* no.p

differences were observed between tne

cells of continuous lines which were prepared for electron micros-

copy by pelleting and those which were prepared in the flasks or

on the coverslips where they were grow: ng.

le. 1. 2. 1 telicit: .

Although all other oesophageal carcinoma cell 1 es examined

transmission electron microscopv have been prepared by trypscmsa-

oM

Tne -tbris present in all pelleted specimens was concentrated

during centrifugation and not washed away as was the case for

cells fixed in their flasks. Furthermore, preparation of pelleted

cells involved select! n of cells, Those pellets which were pre-

pared by vigorously shaking flasks and collecting the detached

cell; had high proportion;: of desquamated partial 1y keratiniseu

ells as well as numerous mitotic cells since such cells were not

firml; anchored to the substrata. Cells removed by trypsinisa-

rinn me, have been dar iged (Anghileri and Dermietrel, 1
the cell population altered.

and
Thu:, the study of cells prepared

by pelleting compliments, but cannot replace, the morphological

examination of cells inj,_itu in their v_Adt_ru environment.

The reduced microvilli and decreased numbers of desmosomes in

pelleted cells mey be attributed to disruption of the cell

brane and intercellular contacts during centrifugation and tryp-

inisation. The layering of pelleted cells is an unusual pheno-

menon and difficult to expl n. The peripheral cells may be per-
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forming a protective function by surrounding the ceils more cen

trally located in the pellets, or the layered appearance may e¢a-

sult from morphological cnanges during centrifuga-lor.

16. 1. 2. 2 Oesjpho ;ea]l c vl ! an — —

covers lip:-:
A more representative population ol cell - we., presume..— to be L.

sent in the specimens which were prepared in the flasks or o - -
coverslips where they wore growing, though some loosely adhere-:':

cell's were removed during -lotion changes and rin”.ng.

All primary and continuous cultures of oesophageal carcirjmu
cells prepared in for scanning and transmission electron

microscopy maintains their pical growll pat rris.

Layering of t ie cell” of the primary cultures was evident and
determined cellular features to a certain extent, as did position

in relation to the explant; tre larger dividing ce®”*s oe. v,

ted near the growing regions, w-"ile small, tightly packed ce”-5

surrounded the explants.

K , n A 30L-A :SON OF JULTPAsTRUCTUnAL FEATIRES OF NOAVAL

At.D '.'A6 '.6rr ' -h E'L

The major differen- between normal and malignant oesophageal

cells in vivo were the presence or absence of surface microridges,
the degree of differentiation expressed by the cells and the pre-

j of altered c/t iplasmic organelles. Normal oesophageal

cells, both :n vivo and , formed a more uniform popula-

eion and fewer r rphological variation were noticed than in

rc-lignant oesophageal cells. Normal oe: iphageol cells were

p lygone and uniform in shape and size, while the malignant
cells showed varied Lon in shape with frequent giant celli

being observed. Normal cells were spread out and had a large

srea if contact, either with underlying cells or with the sub-

trata. tw 1'. ,nant ceils, with the exception of the vyiar.t cells,

were not as closely in contact with the substrata or underlying

cells and had smaller surface areas. The short sparse micro-
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villi jn cultured normal oe-opnageal cells resembled those JpP
brane in contact with the substrata. Otner mailjnan. a
more numerous, long and sometimeh branching miicrjvill-. wr --r >
be related to an abundance of cell membrane components or the
absence of microridges.

Lateral processes were observed in occasional normal cells oe~.
groving regions, but .vers frequently ir counterec as rxuens. -n?
malignant cells. Normal oesophageal cells did not possess con?
intercellular processes as they were tightly adherent and grew n

close proximity to one another with adjacent cells being connected

by short and complex interdigitations. Malignant cells of the

continuous lines, with the exception of )cne Hcu 13, had few

areas of close interdigitation and the long and branching lateral

processes present on most cells seemed to Pca> a iole in irte.

cellular communication. The increased surface activity asso-

ciated with all of the malignant cells in contrast to cultured

normal oesophageal cells, may be associated with the increased

metabolism of the neoplastic conditi m.

Both normal and malignant oesophageal cells grew in a stratified

fashion in vitro. This was not unexpected as oesophageal cells

have their origin in stratified squamous epithelium. Normal

skin (~>un and Green, 1976; Gra.n et al., 1-h ; -hie and O'D: ion,

12 3) and vaginal epithelium (Sobel et n.., l.v 1) al”o main Bin
a “ratified form , and it is doubtful that true monolayer

culture -nay be derived from sites of normal stratified epithelium,
stratification of cells of oesophageal carcinoma cell lines has not

previou ly been described as otner workers (Bey et al., 1976;

Nishihira et a.., :979) have examined pelleted cells. Cell stra-

tification in vitro may be a manifestation of a wellular attempt

to maintain In vivo growth relationships.

In this study, those cell liner and primary cultures derived from

B21]1 differentaated tumours ware more complexly ntrat:tled than
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those from poorly differeni-ated tumours.

The apparent absence of mitotic fijures from strati, Led culuu.

of normal oesophageal epithelium viewed by inter Terence and
ning electron microscopy may be attributed to cne tarf tnat ce”.
division occurred 1in t e basal layer:, as in culturec s-in
(Aheir.vield, 1979). In the cultures of malignant cells, however ,

mitoses were observed among the superficially situated cell”.

16. 2. 2 Keratin.sat ion

The processes of keratinisation and desgquamation occurre” in
cells of tne well differentiated primary cultures and continuous
oesophageal carcinoma cell lines. In many cultures vhe super-

ficially situated cells were m re highly differentiated and con-

tained abundant tonofilaments (babel et aI., .3 9; Lgt and
Fusenig, 1979), a phenomenon wrich is also evident normal
oesophageal ceils :e (Dc imet and T/tgat, 1974), where 'ele-
ments accumulate at the expense of other organelles. Tonofila-

ments were most abundan* in primary cultures of normal and malig-
nant oesophageal cells, .hough, s.nce the normal oesophageal
mucosa 1is a non-*<erat inising structure in man, the tonofilaments
were also not as well developed as those in keratinising epithelia

(Zelickson and Hartman, 1962).

True keratinisation occurred in some of the carcinoma cells and
marginal band formation was most prominent in Hcu 13 and B 5.
The dense material forming the thickened plasma membranes was
continuous with the attachment plaques of the desmosomes and
formed a detergent insoluble layer of protein beneath the plasma
membrane (Sun and Green, 1976). Tne marginal band or cornified
envelope serves as a sack to contain keratin proteins after the

keratinocyte dies (AheinWeld, 1979).

The. morphological indications for keratin, at ion were most pro-
nounced in tightly adherent cells of semi-conflucrt cultures and
keratinisation In vitr.s is in some way dependent on the supportive

and nutritive effects of adjacent epithelial cells (snowies and



isi; contact with one another and showed no evidence or

& msati ir.

16 . . jasmc s jne_

- ;  numbei f te m; jsome present in all normal oesophageal

oef.opi'sjaal arcm ma specimens is to be expec -a*, a-

»m 'Sovne £V ur .uje to the normal oesphagus 10din,
; opv.'C0d et si., 1973). These junctional areas may be sig-
r.m. 3r .i i-hs maintenance of a patent barrier between the lumen

= ophagui and the deep-lying cells.

KN N
at a-., 1930) nave noted a decrease in the number of desmosomes
In malignant tissues, Pauli at al. (1973) noted that a higher
ir-sncec—— (' the cell wvurfsce In carcinomas was occupied by desmo-
a..: that tnere was an increase in desmosome size as a result

* s .0 .. Jifferontiati:n of the tumours.

internaltsed desmosome. were not observed in any of the

ml phegeel mucosal specimens examined in this study intra-
lasiT.' re ... .imes are not unigue to malignant tissue Pit ave
- 39r ec in the functional layer of normal human oesophageal

epit elium Al Yassin and Toner, 19/,, Hopwood et.al., 1973) and in

dv —.era: )ti epithelial cells in benign skin conditions such as
! ; an ,0 viji and Mizun,1> B and keratoacanthomas
. Hv,; B °n, 1130).
q .ntrac 1 ole mic desmosomes may be formed by endocytosis
rettm ¢ n int mall vacuous (Al Yassin and Toner, 1977).

4>m £ the fate of desmosomes and these structures
H.,e never Dbeen ibserved in a partially broken down state (Logan
et al., 197d). Oesophageal desmosomes must be removed as there
are fewer desrmsomus in the superficial cells of normal oesophageal
mucosa than in ba al cells (Al Yassin and Toner, 1977). Thg
desmosomes of the upper functional layer apparently leekthe
'ntercellrlar dense line (Logan atal., 1978) and appear to he

degenerating or changing in structure. Surface oesophageal cells



are continually being replaced and intercellular adhesions are

disi jpted for desquamation to occur.

Intnrnal.sed desmosomss and occasional intracytoclasnic nemi—
desmosones were a feature of cultured malignant oesophageal cells-
In malignant tissue, internalisation of desmosome: may be a
cytoplasmic process which is responsible for decreased cellular
adne: on, a propert. of carcinomas (Sugar, 1972; Boron

and thus related to metastatic potential and tumour invasion.
However, although intercellular desmosones wore present in several
specimens, the malignant cells remained tightly adherent to one
another. In vitro, internalisation of desmosomes may have re-
sulted from passaging as desmosomes may be endocytosed following
trypsin treatment (Overton, 196 ). This phenomenon could a.uSo
occur during cell fusion when previously external areas of cell
membrane become internal v3hatiially, 1930) as in the formation

of polyploid giant cells (Brodsand Uryvaeva, 1977). However,
not all of the intracytoplasmic desmoscmes observed ware in giant
cells and the paranuclear position of the internalised desmosomes
and the absence a* ingested cell membrane does not support this

theory.

Desmosomes appear to be foci for organisation of cytosKeletal ele-
ments within the cell and are important in the determination of
cell shape and internal organisation (Dembitzer et si., ]930).

Cell degeneration has a role in the development of loss of cohesion
(Sugar, 1972) and this is probably the process by which the super-
ficial cells are shed from keratinised surfaces and may have some
bearing on tumour spread. However, changes in intercellular junc-
tions may be unrelated to the potential of tumours to invade

Pauli et al., 1973) and hoi.t factors may be the primary deter-

minants of the capacity of malignant cells to metastasize.

15 . g. & Microplicae and in* erceliular ridge..

The pre.ence or relative absence of microplicae was an important
criterion which facilitated the distinction between normal and

malignant oesophageal cells in vivo. Failure of microridge develop-



nent may be related to the ra”'d growth and turnover of the malig-
nant cells, or to ultrastructurol features such as the numoer and

arrangement of microfilaments, most notably, tonofilaments.

Microplicae have been described on the surface cells of other nor-
mal tratified squamou epithelia Ackerman et cl., 1976; Sobel

2: si., 1979) and in various stages of epidermoid metaplasia of the
nasal mucosa (Boysen and Reith, 1930). Tnese structures may reduce
the frictional area between the plasma membranes of adjacent cells
and function to trap lubricating fluids such a mucin (Kessel and
Kardon, 1979). The variation in arrangement, size and number of
the microplicae which is difficult to e..Kxain on a functional basis
may oe related to tonofilament distribution. By transmission
electron microscopy oesophageal cells containing abunuant tonofila-
ments displayed irregular surfaces. When surface cells desquama-
ted and detixhed from underlying cells, the underlying cells did
not display many surface microridges, as such underlying cells may
still have been acquiring tonofilaments and becoming increasingly

differentiated.

The absence of microplicae from cultured normal oesophageal cells
may oe related to the different environment, and consequently
modified cellular functions which lead to the decreased differen-
tiation expressed by cultured cells. As described by Ackerman
et al. (1976), many of the normal oesophageal cells in vivo were

bordered by prominent intercellular ridges which resembled those

present between normal bladder urothelial cells in vitr: (Heat-
field e: alm 1930). These regions may represent either tight
contacts or areas where the cells are beginning to detach. Carr

et al. (1974) reported that the curling at the edges of some
oesophageal cells was a sign of impenuing degeneration though the
mechanism by which the normally tight intercellular adhesions are
broken is unclear. Intercellular ridges wore poorly developed

in cultures of normal oesophageal mucosa and there was 1little
evidence of desquamation. Malignant oesophageal cells in vivo
also lacked prominent intercellular ridges and areas of cell con-
tact were not well defined. This may be related to the fact that

malignant oesophageal cells were not as flattened or as closely

195
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opposed as the normal oesophageal cells.

16. C. 5 Icrovill i

Microvilli and other surface projections were particularly promi-
nent on cultured neoplastic oesophageal cells. In normal oeso-
phageal cells microvilli and micrjpllcae were mutually exclusive.
In"vv , ricroplicae were tre prominent surface projections on
normal oesophageal cell but these processes were replaced in vitro

by microvilli.

The cell lines exhibiting the osst developed microvilli (Hcu 10,
HeJsg Id, Hcu 37) a i originated from invasive anaplastic tumours.
As in the case of other malignant cells (Gondos et al., 1979)

the observed microvilli were widely distributed and showed varia-
tion in aopearance. Although environment influences cell form to
a large extent (Westbroo- et al., 1975) cell surface variations
are also related to membrane and genetic properties of the cells
and each of the nine oesophageal carcinoma cell lines studied by
scanning electron microscopy showed unique surface features which
allowed it to be readily identified. The varying surface fea-
tures observed from line to line may be related to genetic dif-
ference ¢, differentiation and malignant potential. Although
there are no specific surface feature” characteristic for malig-
nancy, importance has been placed on the significance of micro-
villi and their role in neoplastic change (Boysen and Reith, 1980;
Reith et al., 19d0 ; Wanson cj sd.,.1930). Cell surface changes
in addition to other features must be associated with malignant
transformation as the cell surface plays an important role in the
regulation of cell growth, movement and intercellular communica-
tion (Abercrombi and Ambrose, 1962; Brightman and Reese, 1969).
The postulated a: sociation of microvillus length and tumour poten-
tial (Reith et all, 19:'0) doe not always apply as microvillus
length and number may increase with increasing time in culture
(Heatf Leld et al., 19TO). In general, cell lines with numerous
microvilli are less adhesive and more easily dispersed than those

without (Coopez and Fisher, 1968).



Microvilli appear to have an important role in malignancy end
alteration of the surfaces of cells from five continuous human
oesophageal carcinoma cell lines (Hcu If, Hcu 13, He.; 13, Hcu 33,
Hcu 3?) by an alkyl-lysophospholipid caused a decrease in the
number of microvilli and surface projections (Maistr> et al.,
1-60), decreased tumorigenicity and resulted in cell death, an

etfeet which was specific for malignant cells.

13. 2. 6 Nuclei: feé&- es

Normal and malignant cells showed variations in nucleolar morpho-
logy but no constant ultrastructural difference, apart from
nucleolar enlargement in malignant cells, was noted. Margination
of chromatin, a phenomenon observed in virally infected cells
(McNulty et al., 19743) was frequently observed in the nuclei of
cellu> from tne line Hcu 13 I .it: o. Irregular nuclei are a
feature of normal oesophageal cells (Desmet and Tytgat, 1974) and
nuclei and nucleoli in tumour cells are generally large and irre-
gular in shape (Busch and Jmetana, 1974; Birbeck, 1976; Ghadially,
1930) . Soma of tne nuclear inclusions observed in tumour speci-
men: jn vivo correspond to the nuclear bodies, consisting of aggre-
gates of microfibrillar material and reaching diameters of 100 - 600
nm which have been described in normal oesophageal cells in vivo

(Al Yassin and Toner, 1977), in other keratinising cells (wier e
al., 1971) and in squamous cell carcinomas (Granboulan et al.,

19v3; Patrizi and Middelkamp, 1969).

16. 2. 6. 1 Intranuclear portides

The clearly defined intranuclear particles observed in cells of
line Hcu 13 were morphologically similar to those described by
Lutzner (1967) as replicating wart virus, while also bearing some
resemblance to herpes virus particle .. Such particles were not
present in all specimens of the line Hcu 13 that were prepared for
transmission electron microscopy and there was definite indication
of cyclical production, a phenomenon which tallies with Hallauer

and Kronauer's (1962) observation that infected cell strains show



uiicrovilli appear to have an important role in malignancy end
alteration of the surfaces of cells from five continuous human
oes ohageal carcinoma cell lines (Hcu 10, Hcu 13, Hcu 13, Hcu 33,
Hcu 3?) by an alkyl—1,sjpnospholipid caused a decrease in the
nu-ber if microvilli and surface projections (Maistry et al.,
193..), Decreased tumorigenicity and resulted in ce'l deatn, an

e-feet wrich was specific for malignant cells.

16. 2. 6 $uslear fec as

Normal and malignant cells showed variations in nucleolar morpho-
logy but no constant ultra structural difference, apart from
nucleolar enlargement in malignant cells, was noted. Margination
of chromatin, a phenomenon observed in virally infected cells
(Vr'.'ulty et al., 1372) /.as frequently 2?hserveo in the nuclei of
ceils frum tne line Hcu 13 1- .lrro. Irregular nuclei a. e a
feature af normal esophageal cells (De.met a“d Tytget, 1374) and
nuclei aid nucleoli in “urnour cells are generally large and irre-
gular in shape (Burch end Smetana, 1i374; Birbeck, 1976; Ghadially,
1330). 3or,e of t-e nuclear inclusions observed in tumour speci-
men: m vVv.vo corre”oond to the nuclear bodies, consisting of aggre-
gates of microfibrillar material and reaching diameters of 100 - 600

nm which have been described in normal oesophageal cells in vivo

(Al Yassin and Tone: , 1977), in other keratinising cells (,Vier et
al., 1371) and in squamous cell carcinomas (Granboulan et al..
1963; atrizi and Middelkamp, 1969).

16. 2. 6. 1 Intranuclear particles

The clearly defined intranuclear particles observed in cells of
line Hcu 13 were morphologically similar to those described by
Lutzner (1367) a replicating wart virus, while also bearing some
resemblance to herpes virus particles. Such particles were not
present in all specimens of the line Hcu 13 that were prepared for
transmission electron microscopy and there was definite indication
of cyclical production, a phenomenon which tallies with Hallauer

and Kronauer's 1962) obser ation that infected cell strains show
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alternating cycle—- during which wvirus can be detected. Many spe-
cimens wnich si awed no indication of wviral activity or intra-
nuclear particles may actually have contained virusmaterial which

was not detectable at the time of examination.

The intranuclear particles in line Hcu 13 were clustered and

stood out more distinctly from the rest of the nuclear material
than those termed interchromatin granule - and described in wvarious
t sour; (Busc: , 1974; Ghadially, 1775). Furthermore, the ob-
served intranuclear particle, were smaller then tne 30-35 nm
diameter perichromatin granules (Busch, 1974; Ghadially, 1575,

19 -3) which appear at the margin of heterochromatin and euchromatin

(De harven, 1973).

The particle” observed in this investigation bore no resemblance
to t-3 C-type particles observed in an oesophageal carcinoma cell
line established from a tumour in a Rhesus monkey (Rabin e: si.,
19-3) and no other particles similar to C-type viruses were ob-
served. Ultrastructural studies of otKer human oesophageal car-
cinoma ceil 1lines ne/e not revealed the presence of any viru -like
structures 'Bey et sim, 137- ; Nishihira e*_ si., 1979; Yang, 1930)
and no virus particles have been positively identified in normal

oesophageal cells.

If the observed 20 - 30 nn diameter particles do represent viral
material this does not necessarily imply that a wvirus is the cause
of carcinoma of the lesophagu - it may be a secondary effect, a
latent pas-enyer virus, or an artifact of tissue culture. The
possibility of the presence of a virus in the human oesophageal
carcinoma cell 1line Hcu 13, is currently being investigated by
Dr. H. Rabin, Frederick Cancer Research Centre, Frederick, U.S.A.
(Rabin et el., 19 1) and Dr. H. Zur Hausen, Institut fUr Virologis
in Zentrum fDr Hygiene, Freiburg, Germany. Even if these struc-
tures do not repre ant viral material, they are definitely indica-
tive of altered metabolism. They may not, however, be of signifi-
cance as many normal cells have be .t shown to contain particulate
organisms of virus size, but poorly understood function (De Harver,,

1973). The interpretation of such particles in human material is



usually highly contentious and the results of many such studies

have %aen disappointing tie;pit+e the fact tne- r re ele ron micros-
copy time has probabl> been spent on searching for virus particles
in human tumours than n any other field of ultrastruerural re earch
in relation to cancer (Birbeck, 197' ). Nonetheless, the possible

role 1if a virus in carcinoma of the oesophagus cannot be o /erlooked.

1 .i. 7 Cytopla siic narticl”. and granules

The aggregates of 3 - 1f nm cytoplasmic rods present in lines hcu

18, Hcu 33, Hcu 37 and B 5 resembled the filamentous vermicillar

bodies described by Ghadiaily (1975). Such bodlas may represent
deranged viral core production, or be u socf J with abnormal
protein metabolism. Although similar fine tubular coils (12 - 15

nm in diame-er) have been descrioed in nasopharyngeal tumour cells
(Arnold and Huth, 19T J), the appearance of particles or granules

is not necessarily concomitant wit: wvirus activity but nay renre-
ent a mrn-.pacific cellular response to several diseases (Aybicka,

1973) .

The 40 mr. dense cytoplasmic rods which occurred in aggregates in
the lines Hcu 13, Hcu 33 and Hcu 37 may represent some form of de-
generating mitochondria, be a specialised type of myelinoid body

or indicate altered metabolism or viral activity. Such structures
were often encountered in the same cultures as the 8 - 14 nm

filamentous rods.

The oval 60 nm granule . present in some specimens of normal and
malignant oesophageal cells (B 5) resembled membrane coating gra-
nules. Although Zelickson and Hartmann (1962) recognised no kera-
toh/aline granule In non-keratinising muco -a, membrane coating
granules have been observed in human oesophageal mucosa (Al

Yasoin and Toner, 1977; Hopwood ut ai.., 1977). These granules
may, therefore, be related to differentiation of the oesophageal

cells and appear independently of malignant change

16. 2. d Annul aIv Iamul 1-m

Annulate lamellae were only observed in cultured passages neo-



plastic oesophageal cells. Tie”e structures have been described
in mans normal, altered, preneoplastic and rapidly multiplying
-e-- populations (Kumegawa at J and many aut drs (Mercow
-- : . 1970; Krishan, 1' L; Maul, r577) have suggested that
viruses and viral agents causing cell fusion are responsible for
an increase 1in annulate lamellae. This increase may be a cellu-
lar response concomitant with virus replication or be a secondary
creasing number of reports of annulate lamellae in neoplastic
crlls further suggests that they have an unknown role in some neo—
psastic cells (Sun and White, 1979) and their presence in a variety
of cell types indicates a more important role in the activity of
cell:, tnan was initially opposed. Annulate lamellae may result
fro- a hi“urbance in the host cell caused by interaction with a
virus L ue related to rapid growth and differentiation, as may
well-developed rough endoplasmic reticulum, golgi complexes and

nyelinoid figures.

11. 2. 9 Endoplasmic reticulum

The amount of endoplasmic reticulum varied from specimen to spe-
cimen This organelle w present in the basal cells of normal
oesophageal mucosa in vivo, in some cultured normal oesophageal
ceils - ..tr and in many cell; of some carcinomas in vivo .

Aell developed endoplasmic reticulum (as seen in line Hcu 18) has
been considered an expression of cell differentiation and func-
*ional activity (Ghadiall/, 1>75) and an inverse relationship
between the amount of rough endoplasmic reticulum and growth rate
and malignancy of c¢ tumour suggested (Oberling and Bernhard, 1961;
Bernhard, 3"9). In cells of the continuous carcinoma cell lines
there was much variation in the amount of rough endoplasmic reti-
culum present and no obvious correlation between the amount of

this organelle and any other ultrastructural feature noted.

The observation that complex rndoplasmic reticulum may be a charac-
teristic cellular response to the protein synthetic requirements of

virus replication (Parkin and Brunmng, 1973) was not strongly



supp .ted. The line Hcu 13 which showed some possible evidence
3T virus activity displayec very little rough endop.asr.ic reticu-
lum. lhis 3rganelle was, nowever, prorrinent in cell of the

line: Hcu 18, Hcu 33 and Hcu 37, all of which contained fine cyto-

plasmic rods.

If- e uo C;-toplasr / 1 iu

fyelinoid bodies were present in oesophageal carcinoma cells J

k- -3 and in both cultured normal and neoplastic oesophageal cells,
out were more numerous and larger in cells of the malignant oeso-
phageal lines. In cultures of both normal and neoplastic cells,
the myelinoid bodies were relatively more abundant in the basally
located cells and sparse in the superficial calls. These struc-
tures were more abundant in older or confluent cultures r.nd are
p: -dly associated with storage, degenerative changes or hyper-
trophy of endoplasmic reticulum. Similar concentric lamellar
bodies have been described in a variety of pathologically altered
cells -hatiially, 1375) which include those with \ al infections

>1lbot and Jecequel, 1962; Miyai et al.. 1963).

The bizarre cytoplasmic bodies present in T 24 may reoresent ab-
normal accumulations of ribosomes with associated endoplasmic
reticulum which produce the protein required for use in tumour

cell growth (Sobal and Marquet, 19 0) or be sites of viral synthe-
sis. The whorled bodies .in vivo bore some morphological resem-
blance to Jjlycogen-fnemsrane complexes (Le Beux, 1969; Corvaja et
al., 1971), though they differed from these bodies in size and sub-

structure.

le. 2. 11 Glycogen and lipid

Glycogen particles were present in both normal and malignant, oeso-
phageal cells in y;, and in vitro. Glycogen may be an important
energy source of the superficial cells where mitochondria have de-
generated. Accumulations of Jjlycngen have been reported in epi-
dermal karatinocytes (Breethnach, 1971), in surface oesophageal

cells during hyperplasia (Dreyer, 1930) and in all layers of the



best developer In lines 3 5 ana 8 17 and may have had a storage

function, or have been related to differentiation.

The role played by the lipid in many of the oesophageal carcinoma
cells ,1/: and .1 \'l1'i. it uncertain. Lipid droplets were most
abundant in giant cells, this fact suggesting that they represent
some cellular response to stress. Alternatively, tne lipid drop-
lets may represent an energy store. Lipid droplets eve not been
described in normal oesophageal cells in .IL'= and were also not
observed in the cells in primary cultures of normal oesophageal
mucosa wnich may have different metabolic rates from cultures of

malignant cells.

16. 2. 12 le . "i/ris

The mitochondria in both normal and malignant oesophageal cells
.1.~ were round and vacuolated while denser forms were pre-
sent in all specimens r' ..e: .. The changes may be attributed

to u,movie and revaoolic effects of the m virrt environment.

The cup-shaped and d -.ughnut mitochondria seen in T 25 may repre-
sent a degenerative phenomenon prior to the formation of myelinoid
bodies or be an adaptive change as the increased mitochondrial sur-
face:. of such mitochondria may facilitate exchanges between the

cytoplasm and the r Lcochondria (Ghadially, 1975).

16. 2. 13 Goloi apparatus

The golgi apparatus was better developed in malignant than in nor-
mal oesophagea’ cells. Golgi activity was increased in vitro and
the golgi apparatus was prominent and well developed in most of
the lines examined. Marked hypertrophy of the go?gi complex has
been described a a characteristic or some well differentiated
tumours (Ghadially, 1975). In this study even the anaplastic and
rapidly growing tumour specimens exhibited well developed golgi
complexes, and there did riot appear to be a correlation between

growth rate and golgi development. The tremendous activity of



the goigi complex can also be accounted for on me oasis of a
vlrv hypothecI>a anm:l ceil lines grown in vitro generally in-
crease many of their transport activities upon transformation oy

tumour viruses (Nicholson et a.., 1975).

le. 1. 1*. unents

Aggregates of tme and nter :3la'ec filaments were frequently ob-
served in malignant ophageal cells both in 1lys and in vitro.
Filamentous aggregate . .may be related to abnormal kerati-
nisation or represent atypical basement membrane material as has
been recognised in numerous other pre-invasive and invasive car-
cinomas (Frithiof, 137.7; Tarin, 1972). The filamentous aggrega-
tions seen in T 22 and T 24 represent bizarre basement membrane
formations which may be a protective resoonsp mounted bv the host

Frithiof, 1972).

Accumulations of mirrpfilaments 1- uitro may be related to altered
functional requirements of the neoplastic cells or be a manifesta-
tion of loss of control of production of these structures and
therefore a further result of abnormal metabolism, or an adapta-
tion to In vitro conditions as Sat+ler st al. (1978) observed an
increase in the complexity of microfilaments with increasing time
in culture. The par-crystalline bodies present in two specimens
res- mbled those described by Nishihira et al. (1979) but their
“notion is unclear. None of these structures was observed in

normal oesophageal ells.

It7. 2. 15 A .socilated micr — irianlstTs

Toe number of micro-organisms associated with normal and malignant
oesophageal cells in vivo varied from specimen to specimen and may
reflect the diet and state of health of the individuals. The

association of micro-organisms with oesophajea”. cells was expected

since all ingested material makes contact with the oesophagus.

Many individuals harbour mycoplasmas in the ora] cavity and on

mucous membranes (McGarrity a* H ., 1975) and mycoplasmas have been



- o'-oiex can . s accounted for on ,ne bar-is of a
& 1a an rai ..l liner grown 1% r snersll in-
3as« nan> of chair ransport. activities upcn transformation oy

.'use; (Nichol. on ef a.., 1375).

— . VILcrofilaments

Aggre «tes of fine and Intermediate filaments were frequently ob-

Filamentous aggregate ~_may be related to abnormal Kerati-

nisation or represent atypical oasement membrane material as has

oscn recognised nu rov other pre-invasive an - invasive car-
-.1 [Frithiof, 19 2\ Tarin, 1972). T-e filamentous aggrega-
ns seen in I 22 and T represent bizarre basement membrane

-nations w ich may oe a orntective resonnsm mounted bv the host

of, 1372).

.ration if microfilaments in vitro nay be related to altered

- HBE. nt,. requirement of the neoolastic cells or be a manifesta-

i - of loss :f control of production of these structures and
e: af ore a fur re sit of abnormal metaoolism, or an adapta-
e

Increase 1in a complexity of microfilaments with increasing time
in culture. The par”crystalline bodies present in two specimens
esenbled ;h.a de- ribed by Nishihira et al. (1979) but tneir
*unction 1is unclear. None of these structures was observed in

normal oesophageal cell:.

A? ociated micr )—<ir-ganisms

» eunder if micr - iganisms as ociated with normal and malignant
mphageal cell .1 ;: yo varied from specimen to specimen and may
Iect *lie diet and state of health of the individuals. Tht

;iation of micro-organisms w'th oesophageal r Lis was expected

ince all ingested material makes contact with the nesophajus.

any individuals harbour mycuplasmas in the oral cavity and on

nernbranes (McGarrlty etui. , 1 ' ) and mycoplasmas have been



u~, e .5,'uily cultured from material obtained from t r & va; *

patient; with oesophageal carcinomas (f.aistry, 19-/3J ana

'aalchy subjects uV.ais ry, pers comm.). Normal oesophagea-

— —u ma>i in some way, eliminate mycoplasma: an- these

organisms were observed in intracellular positions in the c/t

“*asm Gf oesophageal mucosal cells. Alternatively the myco-

plasmes may grow and multiply within the cells.

extracellular mycoplasmas were occasionally observed associated

*ith malignant oesophageal cells In .iv-. and 1in yjtro and there

were no consistent differences between normal and malignant numar
“esop' ageal cells as far as associated micro-organisms were

earned.

16. 3 SJf. 'VAAY

Tne morphological investigation cf normal and malignant human

oesophageal cells o and /.fro led to the recognition of

both similarities and differences between the cell populations

studied and an awareness of some of the structural change; wM, -
occurred during adaptation Vo the* in vitro environment.
A .rough no single feature diagnostic for all oesophageal arc n -

mas was observed, th . following differences facilitated tne dis-

tinction between nc.mri and malignant oesophageal cells:
1. the superficial cells of normal oesopnageal

mucosa were characterised by regular arrays of surface

micro, :licae. These structures were reduced in numbei

and iess regular in form on malignant oesophaoaul cell
in vivo.
Mdle cultured normal oesophageal cells were flattens

and possessed few surface extentions, many oesophageal

carcinoma cells in vitr:displayed abundant microvilli

of varying length, in addition to well-developed ra-

diating lateral processes.

3. Normal oesophageal mucosal cells, both in vivo and j

! ' were re9-1 in £ m and specimens from dif-

ferent individuals were of similar morphology. Car-



cinema cells varied in size and morphology from
soecimen to specimen, and w-thin .o-wi
Although morphological differences were less pro-
nounced in vitro, cell- from each of the ten con-
tinuous lines could be ultrastructurally distinguished.
Normal oesophageal mucosal ceils weie - i/

tiated but did not keratiniae either m !

vitro. Malignant cells exhibited a range of *ren-
tiation and ken tinised squames oordered oy marg.nal

bands were present in -everal specimens n — "=

and in , Itr:,.

The organelles present in normal oesophageal cells

were unremarkable, but bizarre structures and al-

tered cytoplasmic organellas were observed in malig-
nant cells in /I. and in cultures. Structures suer

as whorled bodies, intracytoplasmic desmosomes, annu-

late lamellae, confronting cistarnec and intranuclear
particles may be related to the abnormal metabolism of

the malignant cells.

Tie ultrastructuril differences observed between normal and malig-
nant cells may facilitate the recognition of premalignant changes

and be an aid in early diagnosis.

Cell structure changed during adaptation to culture conditions and
normal and malignant oesophageal cells in vitro differed from
those in vivs 1in a number of ways:

Surface projections - the microplicae present on normal

oesophageal cells .n siv were absent in vitro while

the sparse microvilli present on cultured normal oeso-

phageal cells were not observed in vivo. The opposite

effect was observer in oesophageal carcinoma cells;
those in vitro displayed more abundant surt ace projec-

tions than those 1In vivo.

2. Intercellular junctions - i’}< specimens of both normal

and malignant oesophageal mucosae desmosomes and

junctional regions were better developer. --¥

than in ,'itrj.



3.

3.

5.

Differentiation - there -~c ,a tendency or all cells t:
decode leac different Laded ="

Morphological variation - both cultured ncrma”*. a i- -
lignant oesophageal cells were more uni'®@* in ap-
pearance than those 1In 'i'/ -«

Cytoplasmic organelles - cultured cells were mure elec-
tron dense and contained more prominent organelles tmrj 1
tnose in vivo. In particular, myelinoid bodies we.a
more fre”uentlY anc.untered in cul*.ureo ,ells.

Fibrouu networks - the fine branching fibrils which
made contact with a number of cultured normal Jjesopno—

oca'. cells were not evident in vivo.

In spite of these differences a strong correlation with the tissue

origin persisted and all of the continuous cell lines displayed

features wr ioh justified ther being classified as oesophageal car-

cinoma cell lines.

Several features which indicate a possible wviral involvement with

Prominent 20-30 nm intranuclear particles in Hcu 13,

T 2& and T 35 cells.

Bundles of B - 14 nm cytoplasmic rods in Hcu 13, Hcu 33,
Hcu 37 and B 5 cells.

Aggregates of electron dense 40 nm cytoplasmic rods in
Hcu 13,Hcu 33 and Hcu 37 cells.

/Veil developed annulate lamellae in Hcu 10, Hcu 13, Hcu
13, Hcu 33 and Hcu 37 cells.

Increased protein synthesis as suggested by the well
developed rougn endoplasmic reticulum and golgi com-
Plexes in several specimens.

Margination and clumping of chromatin in many nuclei.
Giant cells which may have arisen as a result or a

virus-induced fusion process.

Thus, wultrastructural studies provided much useful inioi mat ion

about normal and malignant oesophageal cells in vive’ ann v-'ro.
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During tnis investigation -T.u at y. Ic rice f bctn sexes were
inoculated; 95 with ceils fron nine different continuous hunan
oesophageal carcinoma cell lines and 25 wit- four lines from oeso-
pnagaal carcinomas induced in nude mice by the inoculation of
cells from human oesopnageai carcinoma cell lines. The inocula-
ted mice were examined for periods of up to eight months and any
mass which appeared at the site of inoculation and did not re-

gress scored as a tumour (Fig. 95).

Fig. 9' Clearly defined i _%ie tumour nodule in a suprascapular
position in a male mouse which was inoculated with Hcu
13 cells.



Clearly recognisable tumours (*<:) developed n J * t o an”na.u,

"take" of
varied depending on the cell line inoculated :Taoie 2/), --.---nc.
tumour masses (Figs. 36 — 100) grew in nude mice as a d*ia”"t

result of the introduction of oesophageal carcinoma celis tron
eight of the nine lines. Cells from th, lines Hcu 12 and Hcu 03,
both derived from well differentiated human -umours appeareu

be the most tumcrigenic with “take" r ites of 30 per cent and -
per cent respectively. The human oesophageal carcinoma cell
lines which showed differentiated features, such as abundant tono-
filaments (Hcu 13, Hcu 33 and B 5) in v 2 v'ere more tumorigenic
than those derived from poorly cr nodera ily differentiated tumours
(Hcu 10, Hcu 13, Hcu 37 and B V ir those (Hcu 35 and Hcu 39)
which, although being derived -x 411 differentiated tumours,
failed to exhibit differentiated functions such as the formation
of abundant tonofilaments in vitro. Inoculated cells of the line
Hcu 37 did not give rise to tumours which persisted in the nude
mouse. Eight to ten days after the inoculation of cells from
line hcu 37 several small tumours were evident at the site of
inoculation. Such tumours grew for five to eight days and then
spontaneously regre ,sed and disappeared. Another strange pheno-
menon was that the animals inoculated with cells of this line all
developed patche.. of hair which disappeared after the tumours re-

gressed .

The cell strains 13.M1, 13.M5, 13.M7 and 13.M9, and 13.M1.Mil
derived from tumours induced in the nude mouse as a result of the
inoculation of cells of line Hcu 13 varied in their tumorigenicity.
The strain 13.Ml, derived from a well differentiated tumour in the
nude mouse was the most tumorigenic (71,4 per cent "take"), while
cells from the strain 13.M9 derived from a poorly differentiated
mouse tumour (also induced by inoculation of Hcu 13 cells) failed

to induce tumour formation in five animals inoculated.

17. 2 LATENCY PERIOD BEFORE APPEARANCE OF TUMOURS

The latency or leg period may depend on i number of factors, such
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as the number and viability of cells inoculated, the type of cells

and t e tumorijenic properties if the cells, or the age and health

of the animals inoculated. In this investigation the latency
periods were fairly long; the average latency being two to four
months (Tables 27 and 23). Excluding line Hcu 37, the shortest

latency period (one month) was recorded when cells of tne line
Hcu 35 were introduced into nude mice, wl lie the longest latency
periods (eight months) were noted after inoculation of 8 5 cells.
There was no obvious correlation between tumorigenicity as scored

by tumour"take"rates and latency periods before tumour appearance.

17. 3 SEX DIFFEAEWCES

In view of the small population (124) of nude mice available for
use 1in this investigation both male and female athymic animals
were randomly inoculated with oesophageal carcinoma cells.
Slightly over half of the mice (73/124 - 53,0 per cent) used in
this study were males and 64 per cent (25/39) of the animals wnich
developed tumours were males, thus the tumour "take" rate was

34 per cent for males and 27,4 per cent for females.

Pregnancy did not appear to affect the tumour inducing capacity of
the cell lines inoculated and several female athymic mice which
were inoculated at six weeks of age subsequently became pregnant
and developed tumours while pregnant. Neither the sex of the ani-
mals nor the condition of pregnancy had any obvious effect on the
latency period before the tumours appeared or the morphology and
uehsviour of the resultant tumours. Furthermore, the tumours did
not affect the pregnancies, the offspring of tumour-bearing mothers
showed no obvious abnormalities, and tumour-bearing mothers were

sometimes capable of feeding their young.

17. 4 TIU3UH OEHAyTOIJh

After their first appearance most of the tumours grew rapidly in
the loose areolat Lubcutaneous tissue at the site of inoculation

and within four to eight weeks reached diameters of one to two cm.

210



Although all 41 of the non—netaEiZﬂ:hj tumours in the nude mice were
derived from similar cell 1line*, obtained from clinically similar
human invasive tumours from similar sites, the resulting tumours

in the nude mice differed. Experimentally induced carcinomas on
the nude mice could be bt ocadly subdivided into those (23) which
were well encapsulated and mobile and those (13) infiltrating skin
and underlying tissues (Table 2d). In several instances cells

fror i single cell line (<~.g. Hcu 13) gave rise to fixed and mobile
tumours in different animals, so the degree of invasion of surround-
ing t-ssus j was not related exclusively to the cell line inoculated.
Line Hcu 33 was the only cell line which consistently (in four ani-
mals) gave rise to well encapsulated mobile tumours in the nude
mouse. Such tumours grew rapidly and in six wee<s reached dia-
meter- of two to three cm, at which stage they were still fully

mobile and had no attachment to the overlying skin (Fig. 97).

Fid. 97 Large, clearly defined mobile tumour in M 28 induced as
a result of the inoculation of Hcu 33 cells.

Many tumours which infiltrated surrounding tissues frequently be-

came complexly lobulated (Fig. 98). Invasion of muscle, skin
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