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Hcu 18 cells.

-
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and invasion of the surrounding tissues.
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which appeared to incapacitate th- animal were 
Four tumours, resulting from the Inoculation of oe:I= ■ ’ "
line, 13.,,5 .no B 5 showed a rapid increase in s i z e .  accunu.u.ed

'

->=■ *» r ,  s n 1.'”  “ • "

7> 4 . i A.lateral tumours

■n the three mice inoculated ttlaterally the tumours resu ing 
rom the inoculation of Hcu 13 cells and Hcu 10 cells differed.
[n a U  three animals, the tumours on the right hand side, induced 
3y the inoculation of cells from the line Hcu 13, grew more 
rapidly than those on the left side where cells from Hcu 10 tad 
be„n injected. In M 3 the tumour initiated from Hcu 13 cells 
“  r l  and infiltrating while the tumour on the left side was

■1 1 U / . -I-.- .1 1 x,Fr* nm f hA HCU 13



-  ■  m m s i s S s -
amri nrew, mors rapid! / e

17. 5

Although 124 mice were inoculated with malignant cells from con­
tinuous lines derived from tumours which metastasized in the 
human host, metastasis of the resulting mouse tumour was only 
observed in a single animal. This mouse, designated X 1, was 
inoculated with cells from the poorly differentiated line h c u  15 
at the age of six weeKS. Four months later the animal rapidly 
lost weight and became hunched, shrivelled and emaciated (Fig. 11). 
During the next two weeks the lymph nodes in the axillary and in- 
ui^al regions enlarged (Fig. 101) and as the animal appeared weak 
% d  in pain it was then sacrificed. No primary tumour was present 
dt the site of inoculation and none of the litter^ates inoculated 
at the same time with cells from the same line showed evidence of 
metastasis; in fact only one other mouse in the litter of six

developed a tumour.
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.

Fig. 101 Emaciated mouse X 1 with enlarged lymph nodes contain­
ing metastatic deposits of the line h c u  1 •

Prior to tumour removal all animals werr anaesthetised (Chapter o). 
Although size variation from mouse to mouse was minimal, there was 
a variation in response to the injection of Sagatal. Some - ice 
required a repeat injection of a further 0,2 ml Sagatal (diiuie- 

: 10 with water) before succumbing to the anaesthetic, while 
jthers died upon the introduction of the first dose of Sagatal.
The time required for the anaesthetic to assert its effect varied 
from three to fifteen minutes.

Removal of the mobile, well encapsulated tumours was easily per­
formed. Most of these tumours were supplied by a single vascular 
trunk and severing these vessels resulted in minimal bleeding.
Once the tumour was removed the incision was sutured and the mouse 
allowed to recover. The wound healed within three to five days 
and scarring was minimal (Fig. 102). Many mice survived for six 
months or more after tumour removal without showing any adverse 

= nr evidence of tumour recurrence.



anterior to the incision.

The lobulated invasive tumours were more difficult to remove and 
many animals were sacrificed because removal of the extensively 
invading tumours was a major procedure. Several tumours xnfil- 
trated through the dorsal musculature into the thoracic cavity 
and in two mice infiltration of the abdominal cavity also occurred. 
Where the tumours had infiltrated the spinal cord.death was un­
avoidable. Those tumours infiltrating into the skin only were 
m :re easily removed witnout too much damage to surround .ng struc­
tures and several anima > were saved.

Although several tumours were infiltrating, a capsule was present 
and well developed in those regions where it partially enveloped 
the tumour. There was no persistent correlation between the size 
of the tumour and tendency to infiltrate the surrounding tissues. 
jE eral rather small tumours infiltrated skin and muscle, while 
other larger structures remained mobile. 1 he blood supply of the 
invasive tumours was more complex than that of the mobile tumours



2 2 0

and several vascular trunks were sometimes ev~~e 

tumour tissue.

17. 7 ' I/O;;- 4ECL n

Four mice from which infiltrating tumours had oeen removed were 
followed for up to six months after tumour removal, but no re- 
currence was noted. Scarring was minimal and the incisions 
rapidly. A further eight animals trom which motile turnout 
been removed were also observed and a skin nodule whicr, re.s '
a wart (Fig. 102) appeared in M 21, a mouse which had developed a
tumour as a result of the inoculation of Hcu 33 cells. As this 
structure slowly increased in size it was removed and histopatho- 
logical examination confirmed it to be a squamous carcinoma.
There was no other evidence of tumour recurrence.

7  5  h t j T o p a t h  J i i t -  - :>  - a  •. :%  r 7' .  " - ' i  x m

All 0.2 tumours which developed in nude mice subsequent to tl~e ino­
culation of human oesophageal carcinoma cell linos were classified 
as carcinomas, but varied in their degree of differentiation.
Tumour differentiation ranged from poor to well and no single cell 
line produced tumours which were constant with respect to their 
deiree of differentiation. There was poor correlation between 
differentiation of the cell lines inoculated and differentiation 
of the resulting tumours (Table 29), for example, of the nine 
tumours which resulted from the inoculation of cells from line 
Hcu 13, five were wall differentiated, three moderately differen­
tiated’ and one poorly differentiated. Lines Hcu 33 and Hcu 35 
derived from well differentiated tumours, both gave rise to tumours 
which were moderately or well differentiated in the nude mouse, 
while line Hcu IS derived from a poorly differentiated human tumour 
gave rise to equal numbers of poorly and well differentiated
tumours (Table 29).
inoculation of the cell lines 13.Ml, 13.Mo and 13.M7 all derived 

oesophageal carcinomas induced in the nude mouse presented a
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TABLE 29 HISTOLOGICAL DIFFERENTIATION A’D  INFILL^ -3,^1
EXPERIMENTAL! V INDUCED TUL0UR3 IN THE NUDE :;0y5^

DifferentiationNumber InfiltrationCell line 
inoculated oor moderate welltumours

lines from poorly
differentiated
tumours

Hcu 10 
Hcu 13

lines from mo­
derately different 
tiatad human 
tumours

Hcu 39

lines from well 
differentiated hu­
man tumours

Hcu 13 
Hcu 33 
Hcu 35

lines from mouse 
tumours induced by 
inoculation of hu­
man cell lines

13.Ml 
13.MS 
13.M7
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TA9LE 29 HISTOLOGICAL DIFFERENTIATION A‘C I-JFlLTr-iA ; J-l ■ ^
EXPERIMENTALLY I'DUCEO TUMOURS I'J ™ r 'jljg-

DifferentiationNumber InfiltrationCell line 
inoculated oar moderate welltumours

lines from poorly 
differs, itiatad
tumours

Hcu 10 
Hcu 13

lines from mo­
derately differen­
tiated human 
tumours

Hcu 39

lines from well 
differentiated hu­
man tumours

Hcu 13 
Hcu 33 
Hcu 35

lines from mouse 
tumours induced by 
inoculation of hu­
man cell lines

13.Ml 
13.M5
13.M.



more confusing picture with the resulting ..u . u. j S
degrees of differentiation. In H i  tr - main
[Chapter 17. a) was classified as poorly differentiated, the s < m  
nodule was described as moderately dift erentiaued, anv- 
of the line of origin; 13.Ml, were well differen iated.

There ..as no correlation between the degree of tur -ur di
tiation and infiltration of the surrounding tissues and poorly
differentiated tumours were less invasive then expected.

The large [three cm diameter) fluid containing tumours derived from 
lines 8 5 and 13.M5 showed central areas of necrosis and cystic 

degeneration.

17. r. 1 •• • r _ . t ' ''' ' —

Specimens of liver, lung, kidney, sp.oen and lymph nodes from the 
mouse X 1 werj prepared for histological examination. Undifferen­
tiated carcinoma cells were present in all of the organs examined 
with the exception of the lungs [Table 30).

Sections of these organs were removed from several other tumour 
bearing animals but no evidence of metastatic spread was noted.

l7i g t * • -  THE NMDt: vol'll

All experimentally induced carcinomas removed from nude mice and 
cultured using the explant technique grew well and rapidly in 
zitro. Outgrowths of sheets of adherent epithelial cells were 
evident within two to three days of culture initiation Giant 
cells were occasionally present at intervals between the small 
'■ells, but the overall incidence of giant cells was ells
P a s s a g e d  through nude mice. Fibroblast overgrowth v ^  .dome
problem as, prior to culture initiation, every effort v nade to 
, trip the fibrous connective tissue capsules away from the tumours 
and the few mouse fibroblasts which grew In vitro were easily 
removed by trypsinisation. With the exception of Hcu 18 X 1 sub- 
culturing was always successfully performed after one to three 
weeks in vitro and all cell strains survived freezing end thawing





afi er as little as one passage >  '/I:-̂  and per: orr.e ='■ 
lines. Cell culture-, derived from tumours grown on etn/r.^c 
showed similar growth patterns and oehaviour — •—
ther and there were no striking nr consistent oitfeien^e^ betw=- 
those derived from the different oesophageal carcinoma ce^l 
In vitro growth properties of the vumours grown in the nude mice 
did not appear to correlate with differentiation or inf^ltra^^un 

of the tumours.



none. Induced in nudv rice were exami nya an a-uem^ 
date the relationship between oesophageal carcinoma cellb 

in • : nude: mouse, those in the human host and the ceil

 i- derived from ^hem.

- MISSION EL: ./-ijicorv

, Lyo specimens of 34 the 42 carcinomas induced in nude mice 
the inoculation of human oesophageal carcinoma cell lines were

tron microscopy. «* ''ere primary 
,jre, of 25 mouse tumour . The results of these ultrastructural 
■ : ,s are summarised in Tables 31 co 34. All specimens growing

1, • were primary cultures, unless stated otherwise. Ultra- 
tural similarities and differences were noted both between 
_.r induced by the inoculation of the same and difrerent oeso- 
: al carcinoma cell lines.

-.ru tural feature ■ , o.lrcative '
01 f I'erHnt iat. ion

L tumour con isted of epithelial cells of varying differentia- 
on witr prominent nuclei and nucleoli (fig- 103). Ceils in the 
i tiff arentieted tumours contained many prominent dasmosomes 

gnd abundant dense aggregates of tonofilarnents, predominantly in 
d parenuclear position (Fig. 104) while cells in the poorly dif- 
fyrmtiated tumours generally displayed numerous profiles of rough 
.m i 3le mic reticulum and sparse tonof ilarnents. Although there 

c imitation between tumour differentiation as determined using 
rr|il.t ) .cnpy und tonofilament number, the tumours 13.XI and 

. i.WllO described histologically as poorly differentiated were
iment • 134).



Fig. 103 Transmission electron micrograph bowing light m  
dark carcinoma cells of the moderately different.i 

.

aggregates of paranuclear tonofilament . ■, 1 ‘ f are 
dent in the dar- cell; . aur - I v
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Fi:. 104 Transmission elactron micrograph showing a dense rara- 
nuclear aggregate of tonofilaments in a cell from t- s 
metastatic tumour 1 .XI. Bar = 1/um

This may be related to regional differences in differentiation 
within the tumours. Many carcinoma cells in well Differentiated 
nude mouse tumours were enucleate and filled with tine cytoplasmic 
filaments and it was often difficult to distinguish between cells 
which were in an advanced stage of keratinisation and those which 
were undergoing necrosis. Areas of necrosis were present in 
several of the larger and all of the cystic tumours grown in nude 
mice and necrotic cells were frequently observed by transmission 
electron microscopy (Fig. 105). Marginal band formation was not 
confined to necrotic cells and many cells in the well differen- 
t Lateo tumours were in the process of developing thickened plasma

membranes (Fig. 10< ) •
With the exception of 10.M2 and 13.M9 (Tables 31A and 33P) desmo- 
.-.mes were observed in all of the tumour specimens examined.
Most of the observed desmosomes were in intercellular positions



. 01 Transmission electron micrograph showing portions of
apparently healthv 85.M31 cells surrounding a necrotic 
cell which contains fine cytoplasmic filaments, a few 
oense bodies, but otherwise sparse organellas, and is
bordered by a marginal band. Bar = 1/um

. n .nternalised desmosomes were observed (Fig. 107).

When cells derived from the induced nude mouse tumours were grown 
in vitro some loss of differentiation was evident and desmosomes 
and tonofilaments were less abundant in tumour cells in vitro
• han m  those x-i , i-,>: (Tables 31 - 34). These structures did,

waver, persist in the cultured cells and provided some evidence 
• their ipithelial nature.

. 1 .  j n i r  "h u e  iH r i r  p a r t  I r . l e : ,

2 d is t in c t iv e  20 - 30 nm diameter intranuclear particles 
observed in Hcu 13 cells (Chapter 15. 2) persisted when these
ells weih inoculated into nude mice., ♦"Ms being confirmation of
pair ass re la tio n  with the cel) line Hcu 13. Intranuclear par-
♦ 1( ie were oh served in five of the tumours resulting from the



Fig. lO Transmission electron micrograph of the thickenod
plasma membranes bordering well differentiated 18.Ml 
cells which are filled with filamentous material. 
Modified desmosomes of varying morphology are pr­
at intervals between the opposed nembranes.
Bar = 0,1 /jn

inoculation of Hcu 13 cells and were present in three primar ■ c. -
tores derived from such tumours (Table 33 A; . When present.,
intranuclear particles were prominent (Fig. 106) and the production 
of such particles was amplified by passage through the nude mouse 
as these particles were observed more frequently and in greater 
abundance in the nude mouse tumour cells than in Hcu 13, the line 
of origin. The intranuclear particles observed in primary cul­
tures of the nude mouse tumour cells ware not as numerous a; t 
in the nude mouse tumours in vivo, though they were present in 
larger numbers than in the cell line Hcu 13. As well as bain; 
located within the nuclei, particle . of imilar size and morph
were also observed lying free within the cytoplasrr (Fig. 109) in
some cells of 13..j .



Fig. 107 Transmission electron micrograph showing bundles of 
tonofilaments in the cytoplasm of a 13.M1.M10 tumour 
cell which also displays Doth intercellular desmo- 
somes (D) and internalised desmosomes (ID).
Bar = 1 /um.

» •. .>•

r •>!'*
Fig. 103 Transmission electron micrograph of an area of the

nucleus of a 13.Ml tumour cell which contains a cluster 
of 20 - 30 nm intranuclear particles. Bar = 0,1/um



Fig. 109

-

>

,v
m*

Transmission electron micro­
graph of a cluster of —
30 nm particles in the cyto­
plasm of a cultured 13.Mo 
cell. Bar = 0,1 Aim

The presence of morphologically similar intranuclear particles i i 
cells of 10.M2 in and 10.M3 in vitro (Table 31A) was un­
expected since such particles had not been observed in Hcu 10, 
the cell line of origin. However, the tumours 10.M2 and 10.M3 
were grown in mice bearing tumours 13.M2 and 13.M3 and the intra­
nuclear particles present in the Hcu 13 cells introduced into the 
mice may hrve been transmitted to the carcinoma cells forming the 
tumours which resulted from the inoculation of Hcu 10 cells.

19. 1. 3 G/toplasmic r.ar' Lcles

Cytoplasmic particles of varying size and morphology (Fig. 110) 
were observed in cells of many of the nude mouse tumours and in 
primary cultures derived from these tumours (Tables 31 - 34).
Many of these particles were of diameter 40 - 60 nm and re­
sembled membrane coating granules in possessing dense material 
surrounded by a clear halo and then a membrane. These particles 
were more prominent and better developed in tumours in vivo than 
in prime y cultures.

Clearly defined 8 - 14 nm cytoplasmic rods were present in some
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Fig. 110
Transmission electron "--- "
graph showing granules J 
of varying size and dens-'-/ 
in the cytoplasm of a cul­
tured 13.MS cell. Oar 
1 xjm

cells of 10.M3 (Table 31a ) and resembled those described in 
Chapter 15.
Structures resembling mycopiasmas were also observed within the 
cytoplasm of some tumour cells from nude mice (Fig. 111). These 
structures were strikingly similar to those presumed to be inges­
ted mycopiasmas in normal human oesophageal cells (Chapter !<-. -).

]_gi i , a Other c /toplasmic organelles

The distribution of jlycogen and lipid material varied in all of 
the nude mouse tumour specimens and their subcultures which were 
examined (Tables 3 1 - 3 4 ) .  No correlation between presence of 
lipid and glycogen was noted and the presence of aggregates of 
such material did not correlate with tumour differentiation, in­
filtration or cellular degeneration.

Many of the carcinoma cells in the nude mouse grown cum urs pos­
sessed vacuolated mitochondria, while cells in primary cultures 
revealed small dense mitochondria (Tables 3 1 - 3 4 ) .  Such dif­
ferences may reflect poor fixation of tumour specimens (Ghadially,



Fig. Ill Transmission electron micrograph revealing rod-like 
structures which resemble mycoplasmas in the cyto­
plasm of a 13.M7 cell in Lvs in the nude mouse.
Bar - 1 yum

1330) or be related to osmotic modifications and different 
metabolic requirements of the tumour cells in yjy? eno in vitro. 
The mitochondria in cells of the primary cultures resembled 
thost in the cell lines of origin (Chapter 15) while those in 
the mouse tumours in situ resembled those in human tumours 
(Chapter -3. 2).

Dense aggregates of free ribosomes were present in many of the 
tumour and several cells displ ed abundant well-developed endo­
plasmic reticulum which wa frequently dilated (Tables 31 to 34). 
In the tumour 13.M3 the rough endoplasmic reticulum was arranged 
in whorls 'Fig, 112) w- ich bore some resemblan e to the granular 
whorled bodies described in Chapter 13. 2. 5.

The jolgi apparatus was active and well developed in many of the 
tumour cells (particularly those in poorly differentiated 
tumours) examined. Confronting cisternae, annulate lamellae and



Fig. 112 TransrisaiQi-i electron micrograph showing whorls (w) of 
endoplasmic reticulum with associated ribosomes in a
13.M3 cell ir. vivo. Such structures occurre typical-

.
Bar = 1 yun

a variety of myelinoid bodies and autophagic vesicles were also 
ibserved . t many of the nude mouse tumour cells (Tables 31 to 34).
Thus, most of the organelles observed in the oesophageal carcinoma
cell line:, nd tumour, of origin were also present in the tumours 
induced in s nude mice. With the exception of tonofilaments 
and desmos mes all cytoplasmic organelles were better developed 
in mouse tumour cells in vivo than in corresponding cells j
vitr:■

Fine filamentov aggregate were encountered in several tumours. 
particularly those which arose a: a resi. 'f the inoculation of 
Hcu 13 cells (Table 33A). Such filamentous bur.dles which re­
sembled those pre ant in T22 (Chapter 13. 2. 4) frequently occu­
pied large areas of cytoplasm (Fig. 113) and differed in density 
from tonofilaments.



F:;. 113 Transmission electron ni rograph depicting the aggre­
gates of fine filaments VF) which occupied large areas
of the c zoolasrr. 0* 13. 3 cells .n .1,0. Bar ■ 1 fjr

18. 1. 5 Invasive tumour:..

Several of the carcinomas induced in the nude mouse were incom­
pletely encapsulated and infiltrated other tissues (Chapter 17).
Ultrastructurel evi lence for ...uch invasion is givon in Fig. 114
where the encroachment of a malignant cell on an area of striated 
muscle can be recognised.

Although some of the tumours, e> .mined were incompletely encapsu­
lated, there was o clo; e association between malignant cells and 
collagen fibres. Aggregates of collajen fibrils of mouse origin 
which may represent a host defence m e c K m  m were frequently pre­
sent in the intercellular spaces between arcinoma cells (Fig.

115.)

In summary tumours induced in nude mice b the inoculation of 
continuous human oesophageal carcinoma cell lines showed ultra- 
structural and some behavioural similar, i to the cell lines
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Fi::. 114 Transmission electron micrograph of an area where an
induced carcinoma Is .ovading adjacent muscle in__
in the nude mouse. A poorly differentiated 13.!.'9 cell 
containing dilated rough endoplasmic reticulum i.ERJ lie-: 
adjacent to a striated muscle fibre (5?. ) with ciea? ly 
defined myofilaments. Bar = 1 /um
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Fig. 115 Transmission electron micrograph of a bundle of colla­
gen fibres (Co) which is surrounded by moderately dif­
ferentiated 13.’ cells in vivo. Bar - 1 Am



and oesophageal carcinomas from which they originated. Uoct 
tumours displayed differentiated epithelial features such as tonc- 
filaments and desmosomes and features such as a.r,u: anu^i^ar pa. 
tides which characterised certain cell line;. pers_-teJ 
tumours in nude mice and in cultures derived from them.

13. 2

As cell surface changes may occur when ce. ■~ are
tered environment scanning electron microscopy can yield irh .. na­
tion about changes which occur when cells of cell lines derived 
from human oesophageal carcinomas are inoculated into nude mice.

18. . 1 Nude mou: - . -n -1'-

As the surfaces of oesophageal carcinomas induced in nude mice 
were enveloped by a well developed branching network of collagen 
and reticular fibres (Fig. 110) no natural cancer cell surfaces

?ule around a mobile carcinoma jn a nude mouse. 
Bar - 10 /urn



were evident and little vltrastructural detail could ce r^olved. 
Surface itudies on sectioned tu» ur materiel presided little u=e- 
ful information as artifact was rife and few natural surfaces were 
evident. Thus the surface features of human oesophage-i carci- 
noma cells rowing in the nude mouse could not be compared with 
those of malignant cells reaching the oesophageal lumen in the

human host.

13, 2. 2 Nude mouse tunnur ceil m  v..t:

Cells of tumours induced in nude mice as a result of the inocula­
tion of cells of line Hcu 13 and primary and later subcultures of 
cells of these tumours were examined by light microscopy ana by 
scanning and transmission electron microscopy (Table 33A) and com­
pared with cells of the human line of origin. The ultrastructural 
and surface features of hcu 13 cells at the various stages of this 
investigation have been report,d (Robinson et al■, - HOb) an, 
summarised in Table 35. Although the human cell line of origin, 
the tumours in nine nude mice and primary cultures and subcultures 
of the tumours in the nude mice showed many similarities, dif­
ference- were evident when surface features were compared.

The adherent overlapping cells of the continuous cell line Hcu 13 
appeared irregular or pleoform with some surface microvilli and 
well developed complex intercellular connections (Figs. 94 and 95). 
By scanning electron microscopy the mouse passaged carcinoma cel Is 
in primary culture were reyula. in shape with few surface micro­
villi (Fig. 117) and showed similarities to early cultures nr noi- 
mal oesophejeal cells (Chapter 14. 3), though the cells displayed 
slightly more surface activity (Table 35). In this way, nude 
mouse passaged cells in primary culture differed markedly from 
those in the line of origin whir i displayed microvilli, lateral 
processes ana intordigitations. The epithelial cells of human 
oesophageal carcinoma origin grew in continuous bands around tne 
explants of nude mouse grown tumour:, and only slight stratification 
of the carcinoma cells in primary cultures was evident.
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Fig. 117 Scanning electron micrograph showing nude mouse 
passaged Hcu 13 cells in orimary culture. The 
malignant epithelial cells (E) which are regular in 
shape and possess few surface projections ere 
bordered by elongated overlapping fibroblasts (F) of 
mouse origin. Bar = 10 Aim

After several subcultures the nude mouse passaged Hcu 13 cells 
a .jmed a form which more closely resembled that of the line jr 
origin. The cultured cells acquired microvilli, lateral pro­
cess-..: and interdigitations. Initially the lateral processes 
.■.ere longer and t w i c e r  than those of the original cell line, 
while cell contacts and interdigitations were not as well 
developed (Fig. 118), but after several passages, the cells 
derived from turn ours grown in toe nude mouse more closely re­
sembled those ]f the line Hcu 13.

Thus, morphological change . did occur when human tumour cells 
-ere passaged through nude mice and then cultured. The changes 
were environmental and largely reversible as, after several sub­
cultures, the cells cultured frcr all nine of the tumours induced 
b the inoculation of Hcu 13 cells assumed a form resembling that 
of the cells of the line of origin.



Scanning electron micrograph of subcultured 13.M  
cells some of which show well developed surface pro­
jections while others are relatively denuded or supe*" 
ficial processes. Bar » 10 Ain



nEHAVlOUR AND V3:̂ H0L ' ■ •’» '■ : ' ' ' ' ^ --
nrcnPHASFAL CAACIWO:. AS IM NUDE MC E

Tumour cells in a human or animal host grow in close proximity to 
one another in a three dimensional environment. Therefore, in 
theory, tumour growth ana some of the properties of human malig­
nant cells in the nude mouse should more closely approximate tne 
behaviour of malignant cells in the human patient than do malig­
nant cells growing in tissue culture. However, human tumours in 
nude mice do not invade - nd metastasize as extensively in this 
animal as they cc in the human host. Never :heless, the nude 
mouse provides a useful model system in which aspects of malig­
nancy can be studied and the advantages of both the >  d..
nude mouse in ,iv - situations can be interchangeably exploiter 
(Fogh et al., 1379) as many human tumours and cell lines dcri.ec 
from tumours can be grown in .iv , in the nude mouse and then 

again in vitro.

19. i Tli;.QUR "TAKE" RATES IN ATHYMIC NUDE MICE

In this study, eight of the nine oesophageal carcinoma cell lines 
investigated formed tumours in nude mice, thus proving their 
tumorigenicity. Although some of the lines (Hcu 13) had "take" 
rates of 90 per cent, the overall "take" rate recorded in this 
study for inoculated oesophageal carcinoma cell lines was j1,4 
per cent, which is low. Fcgh et_al. (1977) recorded that 100 
per cent of 127 malignant cell lines established from a wide 
range of tumours produced tumours after inoculation into the nude 
mouse; 90 per cent of such tumours being produced in the first 
month'and the remaining ten per cent within two months of inocula­
tion of the cell lines though some cell lines produced tumours 
only after repeated testing. Freedman and Shin (1974) also re­
ported "takes" for all heterploid cell lines inoculated into



nude nice. There are, however, a number of other cej.1 line., 
which, according to present tests, with similar cell inocula and 
periods of observation have not produced tumours in nude mice 
(Hajdu and Fogh, 1973) and the ability or lack of ability of some 
neoplastic cnll lines to grow in nude mice is not always a reliable 
criterion for malignancy (Nilsson et el,, 1977). Most researchers 
who have tried to transplant tumours have found only 50 per cent 
or less of all attempts to be successful (Rygaard, 1979; Sharkey 
et al., 1973) as there appear to be certain biological group=> of 
tumours that cannot be propagated in the nude mouse (Rygaard,

1973).

Oesophageal tumours may not grow as well in nude mice as tumours 
from other sites. Sharkey et al., 1978 reported a 72 per cent 
"take” rate for tumours derived from the colon, but less success 
was noted with tumours from other sites of the gastrointestinal 
tract. While Ikeuchi et al. (1930) have puolished the only re­
port of oesophageal carcinoma tumour specimens successfully xeno- 
grafted into nude mice (50 per cent "take"), cells from several 
other oesophageal carcinoma cell lines (Table 23) have been shown 
to retain malignant potential In vitro and be tumorigenic upon 
inoculation into nude mice (SNO, TE—1 and TE-2) or other irrab^ete- 
rodents (Eca 109, CaES - 17) but no "take" rates have been reported.

Factors such as i.ge, health, strain and immunocompetence of the 
mice used may be related to the varying "take" rates. Animals 
in different litters differed genetically and as regards immuno­
competence (Stanbridge and Rev:ins, 1977) ano thus varied in their 
susceptibility to tumour formation. The formation of anti-human 
antibodies in tumour bearing mice has been reported (Yuspe et al., 
1979). For thii reason when tumours did not appear after inocu­
lation of a particular cell line, another litter was inoculated with 
the same cell line in order to test mice of slightly different 
genetic background against that cell l.ne. The numbez and type 
of viable cells inoculated further influenced the "take" rates.
Even though several animals were inoculated with 2 X 10 calls of 
a particular line, the animals may not all have received equiva­
lent cells as a cell line usually consists of clones of cells of



varying tumorigenicity (Uzello and Sordat, 19d0).

In this study cell lines showing differentiated features were 
most tumorigenic, an observation which contradicts that of uranc 
et al.(1979) who reported that the degree of differentiation did 
nut appear to markedly aft act the formation of xenografts.
Some of the low,,take"rates reported in this study ma be relate^ 
to mycoplasma orale contamination of the cell lines inoculated. 
Ultrastructural studies revealed the presence of intracellular 
structures resembling mycoplasmas (Fig. Ill) in mouse carcinoma 
cel]s and t\ is may be an adaptional response to the environment 
in the nude mouse. Mycoplasmas may assume an intracellular 
position when normal or malignant cells are growing in vivo in 
the human host or in the nude mouse and rapidly become extra­
cellular again when the cells are placed in an in vitro en­
vironment. Though the mechanism is not understood the nude 
mouse responds in some way to mycoplasmas and passage of contamina­
ted cells through nude mice has been reported to eliminate these 
micro-organisms (Van Diggelen al. , 19 7a).

The presence of other micro-organisms may also affect "take rates 
and Reid et al i1978) reported that persistently virus- infected 
cell lines did ncu form tumours in nude mice. However, the cell 
line Hcu 13 wnich possessed virus-] i^e particles was one of the 
most tumorigenic in this study.

Several tumours in the nude mice may have failed to grow because 
of inadequate vascularisation end the areas of necrosis present 
in many of the tumours examined may reflect this (Stanbridge and 
Perkins, 1977). The inoculated cells may produce some angiogenic 
factor which influences the development of their blood supply and 
failure to produce such a factor may result in failure of such 
cells to form a tumour a_, may have occurred in the case or the 
inoculated Hcu 37 cells. The location of the vascular supply may 
also influence the extent of tumour infiltration into surrounding 
areas and the rate of growth, as tumours do not always grow con­
sistently after inoculation into nude mice (jaffrey -at si. , 1979).



19. 1. 1 Bilateral inoculation

The effect of bilateral inoculation of malignant cell lines on 
tumour "take" rate is uncertain. The cell line Hcu 13 which was 
more tumorigenic and had a higher "take" rate than the line Hcu -3 
produced tumours which appeared earlier and grew more rapidly than 
those induced by Hcu 3.0 cells although similar numbers of cells 
were inoculated. Bilateral inoculation of ceils may have faci­
litated tumour production, as the formation of a tumour by Hcu 13 
cells may have altered the residual immunocompetence of the 
mouse host and made the animal in some way more receptive to 
tumour formation by the Hcu 10 cel’s. Stiles ez al. (19/ta) 
noted that the nude mice that had previously failed to grow tu­
mours as a result of the inoculation uf human cells, produced 
tumours when subsequently challenged with other human cells of 
neoplastic origin.

19. 2 LATENCY PERIODS

The range of latency periods recorded corresponded to those of 
other workers who reported latency periods of one to three 
wee-s (Stiles et al■, 1976a; Stanbridge and Perkins, 1977; 
Kyriazis et. ml., 1978), eight weeks (Shin et al., 1975) and up 
to 33 weeks (Sharkey et al., 1978).

In this study the lengthy latency periods and low tumour "take" 
rates were not related to poor health of the mice as the animals 
were healthy and many survived for 12 - 13 months in the en­
vironment in which they were maintained. Factors such as myco­
plasma contamination (van Diggolen et al., 1977), failure of a 
large proportion of the injected cells to adapt to conditions 
within the nude mouse or rejection of large numbers of cells by 
some immune mechanism related to residual thymic influence (Stut- 
man, 1979) or involving macrophages may be related to the long 
latency periods before some of the cell 1 nes inoculated pro­
duced tumours.
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19. 3 SEX DIFFERENCES

No marked sex difference was evident in this study and the develop­
ment of oesophageal carcinomas was independent of the sex of the 
animals, a finding which was contrary to the observation of Pet- 
tengill et a]. 1930). There was no evidence for hormonal depen­
dence of this tumour since tumours grew equally well in pregnant 
females, lactating mothers and sexually active males.

19. 4 TUMOUR INFILTRATION INTO SURROUNDING TISSUES

Oesophageal tumours may be particularly malignant since cells de­
rived from them displayed invasive properties in the nude mice 
and just under half of all the tumours grown in the nude mouse 
and examined during this investigation were infiltrating surround­
ing tissues. However, other cell lines also derived frcm inva­
sive human tumours have formed sharply delineated tumours in the 
nude mouse (Freedman and Shin, 1973) and these tumours have 
grown as single, well defined encapsulated masses (Freedman and 
Shin, 1974; Stanbridge and Perkins, 1977; Kyriazis et a1.,
1973; Sharkey et al., 1978; Freedman and Shin, 1978). Local 
spread and invasion into striateo muscle have only occasionally 
b ’on noted (stanbridge et al., 1 3; Ozello and Sordat, 1980)
and tumours grown in the nude mouse infrequently showed invasion 
of deep muscular or bony structures, no matter how large they 
became (Sharkey et al., 1973).

In spite of infiltrating tumour cells coming into close proximity 
to mouse cello it is unlikely that cells injected into nude mice 
produced tumours by tran .formation of the host cells (Billelo 6 
al., 1977; Freedman and Shin, 1978), and the only obvious in­
volvement of the host with the tumour cells was the formation of 
a fibrous connective tissue capsule around the growing tumour 
mass and the organisation of a blood supply to the tumour.

19. 5 METASTASIS

In this study all tumours were inoculated subcutaneously and the
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extensive metastases without an obvious primary tumour observed 
in mouse XI were an unexpected finding. The absence of gross 
macroscopic metastasis after the inoculation of many tumour cell 
lines has been reported by several laboratories (Freedman and 
Shin, '974; Stiles et al., 1976a), the absence of tumour metas­
tasis being especially remarkable for tumours derived from those 
known to metastasize in the human host (Giovanella et al., 1973). 
However, the absence of tumour metastasis in nude mice is not 
the invariable rule. Giovanella et el. (1974) reported the 
production of metastatic tumours in nude mice following the inocu­
lation of cells derived from a human malignant melanoma. Sharkey 
and Fogh (1979) noted metastasis in 1,3 per cent of human tumour 
lines studied and Shimosato et al. (1979) found evidence for limi­
ted metastasis with one human tumour in a series involving 91 
human tumours. Peid et al. (1973) ha^e also reported two cases 
of metastasis; one an eoidermoid carcinoma of the lung and one a 
prostatic carcinoma, and Ozello and Sordat (1930) reported metas­
tasis of e mammary tumour in the nude mouse.

There may be an association between tumorigenicity of the tell 
line inoculated and metastasis in the nude mouse. The line Hcu 
18 was derived from an anaplastic carcinoma vhich was invasive in 
the human host. The cells of this line grew rapidly in vitro 
and showed marked surface activity - an indication of malignant 
potential (Chapter 15). However, other poorly differentiated 
lines such as Hcu 10 failed to induce metastasizing tumours, and 
only a single mouse inoculated with Hcu 13 cells developed tumour 
metastases.

The metastatic involvement of kidney, spleen and liver was un­
usual, particularly as the lunjs (a frequent site of implanta­
tion of other metastatic tumour: (Ozello and Sordat, 1930))were 
free of metastases. The involved axillary and inguinal lymph 
nodes may be related to the routes of lymphatic drainage of the 
suprascapular area where the cells were inoculated; but other 
nodes, ouch as the submandibular nodes also contained tumour 
deposits. A significant association between metastasis and
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end body wall invasion and size of tumours has alsu been noted 
(Sharkey and Fogh, 1379). In this study many tumours infiltrated 
the body wall, yet metastasis was observed in only one mouse.
Several mice were screened for metastasis and sections of kidney, 
lung, liver and spleen examined but there was no evidence of 
tumour cell infiltration of any of these areas. Metastasis in 
the nude mouse may be a strain specific phenomenon independent of 
the nu/nu genotype as Reid and Shin, 1978, observed no metasta es 
when malignant cells were inoculated into BALB/c nude mice; yet 
the same cells produced metastasizing tumours in C57BL/6 mice.

The failure of most tumour cells to metastasize in the nude mouse 
may be related to the development of connective tissue capsules 
around the tumours which may interfere with growth of the tumours 
(Xyriazis at al., 1973). Alternatively, the occurrence of me- 
tastesis may be related to the site of inoculation (SharKey and 
Fogh, 1979) as tumours transplanted intraperitoneaily imitate 
more closely the biological characteristics of malignant growths 
in man, spread over wide areas, infiltrate and give distant metas- 
tases (Kyriazis et al., 1978),with the lungs and mediastinal lymph 
nodes being the sites where metastases were most frequently en­
countered. The inability of malignant, cells to metastasize in 
the nude mouse may also be related to the observed surface changes 
which occur when malignant cells are grown in the nude mouse 
(Robinson et al., 1580b). The cells lose a number of malignant 
features such as extensive surface activity and may consequently 
function in a similar way to benign cells.

19. 6 T. --

beveral mice were observed for periods of up to six months foil :w- 
ing tumour removal and recurrence noted in a single animal which 
had developed a mobile encapsulated, non-infiltrating, well dif­
ferentiated, squamous carcinoma. T> is recurrence was unexpected 
since the initial tumour was fully mobile. The skin -caule de­
veloped anterior to where the tumour had been situated on the 
ipsolateral side; this suggesting some form of local sprsau.
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Although nude mice have a lew incidence of spontaneous neoplasms 
(loachim,1976) and those whicn do occur generally involve the
lymphoreticular system (Reid et al., I1' i;   ll1 > L ^1
the skin nodule may have developed independently as a spontaneous 
neoplasm. It is more likely, though, that the skin nodule was 
related to the original tumovv. Other animals may also have 
developed recurrent tumours if the period of observation was in­
creased. There have been no other reports of tumour recurrence
in nude mice but this may be attributed to the fact that most
animals have bean sacrificed upon tumour removal.

^g, 7 DIFFERENTIATION CT OESOPHAGEAL CARCI iCVAs I i'JLCED 1<

NUDE MICE

In this study tumours grown in nude mice consisted sometimes of 
cells which were better differentiated then those in the line of 
origin and sometimes of cells which became less well Develop31. 
Single cell lines were capable of giving rise to tumours of 
varying differentiation and showing different degrees of dif­
ferentiation in different animals. This finding differs ,rom 
the observations of other workers who have claimed that tumour 
cell . in the nude mouse host are similar to those in the human 
host (Povlsen and Rygaard, 1971; Visfeldt st_el., 1972 ; Povlsen, 
1976) or that tumours in nude mice exhiuit a higher ...egree of 
differe' Lation than that shown by the tumour of origin (Gio-
vanella et al., 1978; Sharkey et al., 1979).

The degree of differentiation expressed by tumour cells may be 
dependent on the environment. Loss or reduction or differen- 
ti ted features such as tonofilaments was a common observation 
when primary cultures of nude mouse tumours were compared with
those in the mouse host (Robinson it al., lUUOb) and cell ---
infrequently showed all of ,he differentiated functions observed 
in vivo. Since in ,/ r : conditions can alter differentiation, 
so too, in vivo conditions such as blood supoly or stromal in;; 1- 
tration could also influence the degree of differentiation ex­
pressed by human oesophageal carcinoma cslls in the nude mouse.
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19. 9 SURFACE DIFFC '!LL_ '% k -------—  '—   
AFTER PASSAGE THnOL.":H T;-£ UUDE :.,fFF:

The marked surface difiarences observed in cells c  line hcu 
before and immediately after passage througn the nude mouse-me 
be related to environmental effects since, e^ter several sut 
tures, the nude muuse passaged cells once again closely re - 
cells of the line Hcu 13 (Robinson et a.i., 1980b). 
culture is dynamic (Westbrook et_al., 1975) and interaction with 
an underlying substrate can cause profound changes as the ce1 
settle and become established in culture (Cooper and Fischer,
1968; Witkowski and Brighton, 197j ; Wetzel et ,
Therefore it is not surprising that cells in the nude mouse 
differed somewhat from those in tissue culture. Although the 
nude mouse tumour cells, their subcultures and the line Hcu 13 
differed in a number of features, such as degree of differentia­
tion, presence of intranuclear particles and surface activity, 
in this investigation the nude mouse grown tumour celis stili 
possessed some distinctive features which illustrated their gene­
tic relationship to the cell line of irigin. Thus the genet, 
composition obviously influenced cell form and surface change 
subj-ct to the effects of the environment (Westbrook et al.,
1975). This was clearly demonstrated by the ract tha^ 1 
various nude mouse tv jurs and the lines arising from them 
showed striking resemolance to one another. Cells or the pri­
mary cultures of the nude mouse tumours grew in continuous she • ,
were tightly adherent both to one another and the substrate ar ' 
displayed little surface activity and in this way were simiL-v 
to early cultures of normal hur.an oesophageal cells _,hapte?
14. 3). Subcultured cells grew in s -Her clus‘er s, we-e le 
adherent and showed far more surface detail.

Surface features such as microvilli and lateral processes na> t->. 
an expression of malignant potential (Boys an and Reith, 1

. . ,

marked alterations in the tumorigenicity of early and later sub­
cultures of the same cells. ie incr ia .n number f m; r -



villi after several subcultures may be nothing more significant 
than a response to exposure to trypsin as an increase in the num­
ber of cell surface projections fallowing trypsinisation of both 
normal and malignant cell lines has been reported (Dalen and 
Scheie, 1969; Follett and Goldman, 1970). Such an increase in 
the number of microvilli must, however, be under genetic control 
as the eventual cell form (morphology) reached was sirilar in all 
cultures derived from the nine nude mouse tumours originating from

cells of the line Hcu 13.

19. 10 3 Lf.'w'ARY

The nude mouse experimental system provided information about the 
tumorigenicity of all the human oesophageal carcinoma lines tested. 
With the exception of line Hcu 37, all of the lines tested pro­
duced carcinomas of varying differentiation in the nude mouse.
There was little correlation between "take" rates, latency periods 
and tumour differentiation. Although tumour infiltration of 
surrounding tissues was frequently otserver!, metastatic sorecd 
only occurred in a single animal and tumour recurrence after 
removal was only noted in one instance.

Amplification of the production of 20 - 30nm intranuclear par­
ticles took place in the nude mouse model and a cell line (hcu 10) 

not previously seen to contain virus-like particles, after 
growth in the nude mouse revealed nu *rous intranuclear particles.

The investigations performed allowed comparisons to be made 
between the cells comprising carcinomas in nude mice, trie cell 
lines from which they originated and cell lines arising from iron.



20 GENERAL DISCUSSION CONCLUSION

MAJOR RESULTS AND THEIR RELEVANCE

Although the bulk of the investigations performed involved labora­
tory work, all tissue culture, transmission and scanning electron 
microscopy and nude mouse studies revolved around the patient with 
carcinoma of the oesophagus. Every endeavour was made to find 
correlations which would be of clinical relevance, so that the 
patient who is the crux of the problem might ultimately benefit

from the research.

20. i DISTINCTION BETWEEN NORMAL AND MALI3NANT OESOPHAGEAL 

CELLS

5e /eral conspicuous differences between normal and malignant 
oesophageal cells were obvious in both the in vivo and -ri Y.V.:,. 
studies.

1 Cell surface morphology - Superficial surfaces of normal 
oesophageal cells in vivo were covered with regular 
arrays of microplicae, but these processes were sparse 
and irregular on carcinoma cells which reached the lumen 
of the oesophagus. In vitro, malignant, oesophageal 
cells displayed more surface activity (microvilli and 
lateral processes) while normal oesophageal cells were 
characterised by spar *e surface microvilli..

2 Differentiation - malignant oesophageal cells showed 
a range of differentiation both m  vivo and in vltm 
with areas of karatini ,ation being frequently en­
countered. Normal oesophageal cells, although highly 
differentiated, did not keratinise and were more uni­
form in appearance.

3 Giant cells - while both mono- and multinucleated 
giant cells were associated with specimens of malig—
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5

nant oesophagus in vivo and in culture, these large cell-, 
were not observed in association with normal oesophageal 

mucosa.

Growth rate - normal oesophageal cells generally grew 
more rapidly after culture initiation than did oesopha­
geal carcinoma cells.

Growth potential - all specimens of normal oesophageal 
mucosa studied had a finite in vitro lifespan, while 
the cells from several oesophageal carcinoma specimens 
formed continuous cell lines.

20. 1. 1 Significance of morpholnjleal and behavioural 
differences between normal and malignant oeso­
phageal cells

Accurate morphological distinction between normal and malignant 
cells is important when diagnosing malignancy, and when checking 
that a tumour has been removed in its entirety. The conclusions 
from this study are tnat:
(a) Scanning electron microscopy is a more sensitive 

measure of cell surface features than conventional 
histological techniques and may be of use when 
diagnosis is uncertain.

(b) In vitro growth patterns may aid in cases of diffi­
cult diagnosis as cultured normal cells can be easily 
distinguished from malignant cells in vi'r3.

(c) The successful culturing of normal oesophageal cells 
is significant as little is known about these and 
other normal adult cells -n v r  1.

(d) A supply of cultured normal oesophageal cells will
be of value in the investigation of suspected carci­
nogenic agents as n fr r. effects of these agents 
may be extrapolated V  in vivo situation.

fe) The morphological chai. .isation of normal and



malignant oesophageal cells in vivo provides further 
information regarding the changes which occur in neo­
plastic cells and which have not previously been 
described.

20. 2 ESTABLISHMENT OF TEN CONTINUOUS HUMAN OESOPHAGEAL 
CARCINOMA CELL LIN: i

Existing tissue culture techniques were adjusted to suit local 
conditions and ten continuous oesophageal carcinoma cell lines 
established from tumours of varying differentiation. Lines from 
poorly differentiated tumours snowed some similarities to one 
another, as did those derived from some of -a well differentiated 
tumours. The lines established in this s. ly resembled those 
described in the literature.

20 2 1 hf human 3Sopha jeal carcinoma cell l-ne_

The ten lines established in this study increase the total number 
of reported lines to 17. These lines provide an invaluable aource 
of material for a wide range of investigations. The ceil l^nes
can be used for ultrastructural and biochemical studies, -' ---
testing of anti-cancer drugs, immunological investigations such as 
the production of antibodies, in particular, monoclonal antibodies, 
the growth of human oesophageal carcinomas in experimental animals, 
chromosome studies, and cell kinetics.

20. 3 SOME IN VITO FEATURES CORRELATE WITH IN VIVO BEHAVIOUR

On the basis of their jrowth rate, growth pattern and potential in 
vitro /ejected and bioosied oesophageal carcinoma specimens were 
placed in Categories. The Categories into which a specimen fell 
on the oasis of in viti i behaviour correlated with certain m  vivo 
properties of the tumour. In this way, information of clinical 
value was obtained from those specimens which did not develop into 
continuously growing cell lines.



20. 3. 1 Growth in vitro and clinical prognosis

The correlation between ability of a tumour specimen to grow 
vitro and invasive properties of an oesophageal carcinoma in 
is important as it allows invasive tumour behaviour in vivo to be 
predicted on the basis of laboratory results. Information ob­
tained from tissue culture can influence the treatment modality 

selected.

Although a close association between lymph node and organ invasion 
and tissue culture category was noted, features such as differen­
tiation and lymphocyte infiltration of the tumours had no obvious 
correlations ^n vitro. There was, however, a tendency for spe­
cimens derived from poorly differentiated tumours to survive 
longer in vitro.

Thus, tissue culture ties up closely with thr clinical situation 
and provides information which is not made available using other 
techniques.

20. 4 BIOPSY SPECIVEtG IN VIT40 ARE. REPRESENT AT IVF. OF THETR 
TJv'OLPS jp otind ;i.i)

No dlfierences in growth pattern, rate or cell morphology were 
noted when superficial biopsy specimens and deep resected speci­
mens from the same tumours were compared. On the basis of in 
vitro growth, biopsy specimens could be classified into similar 
tissue culture categories to those used tor resected specimens.
As the emphasis wa on raoid result , the slightly different 
categories used for biopsy specimens allowed clinically relevant 
results to be obtained.

20. 4. 1 CKni 'f. : “

As biopsy specimens behave in vitro in a manner representative of 
certain properties of the tumour of origin in .jy- the culture of 
biopsy specimens can be used as an aid in diagnosis and an indica­
tion of clinical staging. Specimens from invasive or metastasizing



tumours grow more rapidly in vitro and the tissue culture info, na­
tion can thus be of importance in selecting patiencs for surge:y 
and other forms of treatment. A further advantage is thai, 
biopsies can be easily obtained. A fuller utilisation of biopsy 
specimens and the information they can yield would benefit the 
patient with carcinoma of the oesophagus.

20. 5 NORMAL AND MALIGNANT CELLS UNDERGO ALTERATIONS DLMNO 
CAPTATION Tli I‘l VL'-l!

While emphasis is placed on the clinical significance of tissue 
culture results, the fact that cells become altered during adapta­
tion to the in vitro environment must be taken into account.
The recognition and understanding of such adaptational changes 
may increase the value of continuous cell lines and allow fir a 
realisation of their limitations.

Primary cultures most closely resembled the tumours of origin and 
several changes became evident with increasing time in vitro.
These included:

1 Growth rate - the cells in primary cultures were slow-
growing and later replaced by more rapidly multiplying
populations.

2 Surface changes - with the exception of cultured normal 
oesophageal cells, all cells acquired a greater number 
of surface projections, up to a genetically or environ­
mentally determined limit, with increasing time in vitro.

3 Differentiation - cells in vitro showed a progressive 
decrease in differentiation as exemplified by a reduc­
tion in the numbers of desmosome;. and tonofilaments.
However, the potential to differentiate remained and 
many cells oecame highly differentiated upon inocula­
tion into the nude mouse.

4 Myelinoid bodies - these structures were more abundant 
in cultured cells than those in vivo. Their presence 
in the more basally situated cells may be related to



altered nutritional supply 1 ' these cells and the fact 
that nourishment is by diffusion.

5 Organelles - cultured cells displayed more numerous 
and regular cytoplasmic organelles than those present 
in malignant cells in wivo.

20. 6 CONTINUOUS HUMAN JEGOPHAGi.^L CARCINOMA CELL I.INE5 
ARE TUf.'0HI3£NIC IN Nl.DS ICL

As changes occurred during adaptation of oesophageal carcinoma 
cells to in vitro conditions it was necessary to confirm that the 
continuous cell lines did consist of malignant cells. Tumour 
formation in nude mice provided proof of the authentic malignant, 
nature of cells of eight of the nine lines tested. All tumours 
resulting from the inoculation of cells of the continuous lines 
were carcinomas and possessed varying numbers of tone■ ilamen.^s 
and desmosomes.

Tumorigenicity testing in nude mice is a useful method of screen­
ing cell lines for malignant potential. The nude mouse also pro­
vides a model in which tumour growth and behaviour can be studied.

2C ? ALL QESOF* A.EAt., :..Â Ci\U','A.. : "T _ 'ih l'i MlXh .'XL 3't T K : 
JQCULATIQN OF CELL.; Of CONT TILOI : -UUAN OESOPHAGEAL

CARCINOMA CELL LINES RESEMRLE ONE ANOTHER

Although difference . were noted in tumour "take" rates, latency 
periods, histological differentiation, ize and infiltration in 
many of the mouse carcinomas d. splayed imilar features. In fact, 
there was just as much variation when cells from the same line 
were inoculated into different mice as when cells from different 
linos were inoculated. 'rhis is of significance as it implies 
that all of the cell lines tested are capable of producing similar 
tumours which are related to the human tumours from which the cell 
lir . arose.



20. 8 CARCINOMAS IfOUCED IN NUDE MICE SHOW MANY SIMILARITIES TO 
THEIR riL'MAN or- ORIGIN

Many morphological similarities were noted between nude mouse 
tumours and human oesoohageal carcinomas in vivi, though some o 
the mouse tumours showed more differentiated features than their 
human tumours of origin. Some behavioural similarities were also 
noted, as the tumours in nude mice grew indefinitely, as did those 
in the human host. Although all jf the cell lines were established 
from invasive numan tumours, most of the mouse carcinomas behaved 
like benign tumours and metastasis wa only observed in one animal. 
However, with the exception of tumours induced by Hcu 33 cells, 
some tumours resulting from inoculation of each ot the i^nes, 
infiltrated surrounding tissues. The mouse tumours may not 
appear as invasive as those in the human host because of some 
residual immune response occurring in the nude mouse or there 
may be an interaction between the mouse connective tissue no 
human carcinoma cells.

In spite of these behavioural differences, the nude mouse pro­
vides a valid model system for the investigation of oesophageal 
carcinomas and associated studies such as screening cf anti-cancer 
agents.

20. 9 DESQPhAjE^L TA-'.uIYr.a JHO.VN PJ NLDC VICE CA" BE 
3UCCES5FLILLY CUET '-‘RED

A/ith a single exception, all mouse carcinomas adapted rapidly to 
in vitro conditions end formed cell line:, tnus substantiating 
their malignant origin. The ease with which cell lines were 
derived may be explained by the fact that the carcinoma cells 
inoculated into nude mice were already adapted for in vitro 
conditions. After culture, the nude mouse passaged calls re­
mained tumorigenic and several tumours induced by mouse passaged 
cells were successfully cultured.

Similarities were evident between numan and mouse grown carcinomas 
and the cell lines derived from both. After several subcultures



the mouse passaged cells closely resembled those of the human cell 
line of origin. Thus, the cells were subject to genetic con­
straints which were dependent on the environment. The nuis mouse 
can justifiably be used when investigating human tumour cells as 
such cells are not irreversibly altered by passage through the 
nude mouse.

20. 10 Thh. . nLSz ICu ^ ' AV; : : i-- V
IN SOME OESQ-hA. -ul'liVA ,:.l i. Ti- ~ ' 03=:-
BILITY OF VIRAL INVOL .'u'.lu'.T ,V1TH lAHC C JOf/A OF lhr_
QE30THA10:

.Vhile the morphological features listed in Chapter If . 3 may be 
indicative of viral activity in some oesophageal carcinoma cells, 
this association has not been proved. Several other features 
such as amplification of intranuclear particles by passage through 
the nude mouse support the theory but the viraj hypothesis is 
still speculation.

20. 11 bU/.WRY OF CONTRIBUTIONS TO EXISTING KNO,',"LEDGE

Both in vivo (nude mouse) and ^n^vt̂ x̂ o_ model sys oms for investi­
gations on oesophageal carcinomas were established. Normal ant 
malignant human oesoohageal cells were characterised in vivo and 
in vitro and previously unreportad correlations between n̂ v -v-Q 
and in vitro behaviour were described.
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