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Summary. Transplantable tumour lines were obtained 
from one duodenal carcinoma induced by N-methyl-N'- 
nitro-N-nitrosoguanidine in the Lewis rat and from six 
colonic carcinomas induced by 1,2 dimethylhydrazine in 
BDIX or Fisher rats. The tumours were serially trans- 
planted by the subcutaneous route into homologous syn- 
geneic rats. The seven tumours differ from one another 
in their histological structure, five of  them being well 
or moderately differentiated adenocarcinomas, and in 
their capacity to produce neutral or acidic mucins. The 
seven tumours also differ in their growth rate. The seven 
lines produced metastases; the metastatic potential and 
the location of  the metastases differed from one line 
to another. The seven lines kept their original differentia- 
tion characteristics through multiple passages, represent- 
ing several years of transplantation into syngeneic hosts. 
These tumours represent a useful and diversified model 
of  metastatic intestinal carcinoma, available for basic 
research and therapeutic trials. 
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Introduction 

Experimental intestinal carcinomas induced by carcino- 
genic drugs in rodents are useful models for the study 
of  human colorectal cancer. Primary tumours are ob- 
tained by repeated injections of  the carcinogen over a 
long period of  time: 6-8 months are necessary to obtain 
small (5~500  mg), usually multiple colorectal tumours. 
Transplantable tumour  cell lines thus have obvious ad- 
vantages because they make it possible to rapidly collect 
large numbers of  intestinal tumours or to study thera- 
peutic procedures in a reproducible way. However, 
transplantable tumours often lose the differentiation 
characteristics of  the original primary, either during the 
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first passage or through the serial passages in the synge- 
neic host. 

We report here long-term experience with seven dif- 
ferent lines of  intestinal tumours, serially transplanted 
into syngeneic rats. Through passages for cumulative 
periods up to 10 years, the tumours kept most of  the 
differentiation characteristics of  the primary lesions 
from which they originated. Furthermore, all the lines 
were able to produce metastases, a relatively rare charac- 
teristic for experimental, well-differentiated, transplant- 
able solid carcinomas. 

Materials and methods 

Three strains of rats were used to produce primary tumours : Lewis, 
Fisher and BDIX. Colonies of BDIX strain rats are maintained 
by brother-sister mating in the laboratory. Lewis strain rats were 
obtained from the Center for Selection of Laboratory Animals, 
CNRS (Orl6ans-la-Source) and Fisher strain rats were bought from 
Iffa-Credo (L'Arbresle, France). Intestinal carcinomas were in- 
duced by a weekly 15 mg/kg subcutaneous injection of 1,2 dimeth- 
ylhydrazine (DMH) (Merck, Darmstadt, FRG) for a period of 
28 weeks into BDIX (Martin et al. 1973 a) and Fisher rats. Carcino- 
mas of the small intestine were induced in Lewis strain rats by 
a daily administration of 83 mg N-methyl-N'-nitro-N-nitrosoguani- 
dine (MNNG) (Schuchardt Laboratories, Munich, FRG) per litre 
of drinking water during 7 months (Martin et al. 1974). 

In most cases samples of the primary tumours weighing ap- 
proximately 50 mg were transplanted subcutaneously (s.c.) into the 
anterior thoracic wall of syngeneic animals, as has been previously 
reported (Martin et al. 1973b). The primary tumour at the origin 
of the LGA line was inoculated intramuscularly into the first host, 
but was subsequently transmitted through serial s.c. grafts. The 
colonic tumour at the origin of the DHE line was inoculated in- 
traperitoneally (i.p.) to the first host and the next five passages 
were obtained by i.p. inoculation of the haemorrhagic ascitic fluid 
from peritoneal carcinomatosis. At the sixth passage, a tumour 
was obtained by s.c. inoculation of a mesenteric solid nodule; the 
line was then transmitted through serial s.c. inoculations. Tumour 
growth was estimated by surveying the animals once or twice a 
week. The tumour graft was considered as established when it was 
clearly palpated after two successive examinations. The time neces- 
sary to obtain tumours of approximately 1 ml volume was also 
estimated. Animals were usually killed when large tumours ulcerat- 
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Table 1. Origin of the transplantable intestinal carcinomas 

Transplantable Primary tumour 
line 

Strain Sex Carcinogen Location Histology 

DHA BDIX M DMH Distal colon WD ADC M + 
DHB BDIX F DMH Distal colon WD ADC Mo/+ 
DHC BDIX F DMH Distal colon WD ADC M §  § + 
DHD BDIX F DMH Rectum WD ADC M § 
DHE BDIX F DMH Distal colon PD CSR M + + § 
LGA Lewis F MNNG Duodenum WD ADC M + + 
FHA Fisher F DMH Caecum PD CSR M § § § 

WD, well differentiated; MD, moderately differentiated; PD, poorly differentiated; ADC, adenocarcinoma; CSR, carcinoma with signet 
ring cells; M, mucin (PAS) scored from 0 to + + + 

ed to the skin or when their general state of health deteriorated. 
However, other animals were killed at an earlier stage of tumour 
evolution to obtain material, or died during the ether anaesthesia 
often required to assess tumour volume, survival time was thus 
not fully representative of the natural evolution of the tumour. 
Autopsy of the dead or killed animals was performed systematically 
with complete examination of the peripheral lymph nodes, the thor- 
acic and peritoneal cavities to look for metastases. The trans- 
planted tumour and all the macroscopically suspect organs were 
systematically submitted to a histological examination. Tumour 
fragments were fixed in Bouin reagent and embedded in paraffin. 
Sections 3 Itm thick were stained with haematoxylin-phloxin-saf- 
fron or with modified trichrome-Masson. Mucinous secretion was 
studied on sections stained with periodic acid-Schiff's reagent for 
total glycoproteins or pH 2.5 alcian blue staining for acid glycopro- 
teins. 

Samples of transplanted tumours weighing approximately 
50 mg were washed in Ham F10 cell culture medium, dipped for 
1 h in Ham F10 medium supplemented with 15% fetal bovine se- 
rum and 15% dimethylsulphoxide at 4 ~ C, then wiped and stored 
in cryotubes. The cryotubes were kept overnight at - 8 0 ~  in 
a domestic ice box, then transferred into liquid nitrogen. The tu- 
mour pieces were rapidly thawed by putting 1 ml Ham F10 medium 
at 37 ~ C into the cryotube immediately before grafting the piece 
to syngeneic rats. Multiple fragments of each of the seven tumour 
graft lines obtained during the early passages were stored in liquid 
nitrogen to ensure the preservation of the characteristics of the 
original tumours. 

ra t ion  and  the p a l p a t i o n  o f  a f i rmly es tab l i shed  t umour ,  
and  the m e a n  t ime e lapsed  before  the graf t  r eached  an  
a p p r o x i m a t e  vo lume  o f  I ml.  The  local  g rowth  ra te  
largely di f fered f rom slow growing  tumours ,  D H A ,  
D H C  or  F H A  lines to re la t ively  fast  g rowing  tumours ,  
L G A ,  D H B  or  D H D  lines. T umour s  wi th  a vo lume  
larger  than  5-10 ml of ten a dhe re d  to the  skin and  then 
ulcera ted.  

Me ta s t a t i c  po ten t i a l  d i f fered f rom one cell l ine to  
a no the r  (Table 3). The  ra te  o f  metas tases  f o u n d  at  the 
au topsy  also c lear ly  d e p e n d e d  on  the t ime in terva l  be-  
tween the graf t  and  the ki l l ing o f  the  animal .  Metas t a ses  
were f o u n d  excep t iona l ly  when  the ra ts  were ki l led less 
than  90 days  af ter  the t u m o u r  graft .  F u r t h e r m o r e ,  they  
were m o r e  of ten  f o u n d  when  the local  subcu taneous  tu- 
m o u r  h a d  been surgical ly  r emoved ,  chiefly when  recur-  
rence occur red  af ter  an  in ten t iona l  or  un in t en t i ona l  pa r -  
t ial  resect ion.  The  lung was the m o s t  f requent ly  involved  
o rgan  for  a lmos t  all  the t u m o u r  lines. On ly  D H B  and  
D H D  t u m o u r  graf ts  p r o d u c e d  metas tases  to the k idney.  
Metas t a ses  to l iver were never  observed,  e i ther  dur ing  
the first  ten passages  r epo r t ed  in Table 3, or  dur ing  the 
subsequent  passages .  

T h r o u g h  the first  ten passages ,  the seven t r ansp lan t -  
able  t u m o u r  lines kep t  thei r  own h is to logica l  charac te r i s -  

Results 

The  or ig in  o f  the seven t r a n s p l a n t a b l e  in tes t ina l  t u m o u r s  
is r e p o r t e d  in Table 1. A t t e m p t s  to es tabl ish  t r ansp lan t -  
able c a r c i n o m a  lines f rom the or ig ina l  t u m o u r s  were of- 
ten unsuccessful ,  since es tab l i shed  t r ansp l an t ab l e  lines 
were on ly  o b t a i n e d  f rom 1 ou t  o f  5 M N N G - i n d u c e d  
small  intes t ine ca r c inomas  in Lewis rats ,  f r om 5 ou t  
50 D M H - i n d u c e d  large intes t ine  ca r c inomas  in B D I X  
rats  and  f rom 3 ou t  o f  11 D M H - i n d u c e d  co lonic  carci-  
n o m a s  in F i she r  rats .  (The F H B  and  F H C  lines were 
recent ly  o b t a i n e d  and  will  n o t  be inc luded  in this s tudy.)  

The  success ra te  o f  the  t u m o u r  graf ts  var ied  f rom 
52% to 95% acco rd ing  to the  line (Table 2). Table  2 
also repor ts ,  for  each o f  the  seven lines, the m e a n  la tency  
t ime,  def ined  as the  t ime in te rva l  be tween  the t r ansp l an -  

Table 2. Success rate and local growth characteristics of the seven 
lines of tumour grafts (passages 2-10) 

Line Success rate Latency Time to reach 
time a 1 ml of volume 
(days) (days) 

DHA 121/161 (75%) 53 (24) b 110 (53) b 
DHB 118/166 (71%) 27 (15) 56 (27) 
DHC 46/88 (52%) 46 (21) 110 (64) 
DHD 124/160 (78%) 24 (30) 44 (31) 
DUE 68/114 (60%) 43 (27) 83 (46) 
LGA 87/92 (95%) 24 (12) 38 (17) 
FHA 110/170 (65%) 55 (25) 113 (50) 

a Time interval between the tumour graft and the presentation 
of an established tumour graft 
b Standard deviation 
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T a b l e  3 .  Metastatic potential of the seven tumour graft lines 

Line DHA DHB DHC DHD DHE FHA LGA 

Ratio of  rats bearing metastases 
- without resection of the graft 5/54 7/19 0/17 1/9 5/26 4/91 0/1 
-with resection without recurrence 1/23 9/25 2/15 5/35 1/17 0/2 2/10 
- with resection and recurrence 13/36 35/50 6/15 18/28 17/21 1/11 5/25 
Time interval (days) between graft and the 249 168 239 159 175 258 130 
killing of  metastases-bearing rats (65) a (37) (32) (78) (52) (141) (26) 
Number of  rats bearing metastases 
- t o  lung 17 51 3 24 17 1 6 
- t o  mediastinal lymph nodes 9 16 5 6 9 3 2 
- t o  axillary lymph nodes 0 6 3 3 5 2 1 
- t o  kidney 0 21 0 7 0 0 0 
- t o  diaphragm, pleura, pericardium 6 5 1 I 7 0 1 
- t o  bone 0 2 0 1 0 0 0 
- to liver 0 0 0 0 0 0 0 
Number of  rats bearing at least 
one metastasis 19/113 51/94 8/47 24/72 23/64 5/104 7/36 

Only the data concerning passages 2-10 of each graft line were included in this table. All the animals living less 
the tumour transplantation were excluded from this study. 

a Standard error 

than 90 days after 

tics, which were identical to those of  the pr imary intesti- 
nal tumours  f rom which they originated (Table 4). There 
were considerable variations f rom one line to another  
in the intestinal differentiation of  the tumours  (Fig. 1 a -  
g). L G A  was a mucus-producing papillary adenocarci- 
noma.  D H A ,  D H B  and D H D  tumours  were well-differ- 
entiated tubular adenocarcinomas differing in their ca- 
pacity to produce mucus (none in DHB,  poor  and sparse 
in D H D ,  high in DHA).  D H C  was a moderately differ- 
entiated mucus-secreting carcinoma, mixing glandular 
structures, cords or lobules of  cylindrical or cuboidal 
tumour  cells and signet ring cells. D H E  and F H A  were 
poorly differentiated mucinous carcinomas with clusters 
of  epithelial cells and isolated signet ring cells scattered 
in an abundant  s t roma containing extracellular mucus. 
Small foci of  osteoid metaplasia were occasionally found 
in the s t roma of  L G A  and F H A  tumours.  Alcian blue 
reaction, characteristic of  acidic mucin, was strongly 

Table 4. Differentiation characteristics of the seven intestinal lines 

Transplantable Histological type Mucin secretion 
line 

PAS AB 

DHA WD ADC (T) + + + + + + 
DHB WD ADC (T) 0 0 
DHC MD ADC (T+Tr+SR) + + +  + +  
DUD WD ADC (T) + + + + 
ONE PD SRC (Tr+T+SR) + + + § 
LGA WD ADC (P) + + + + + 
FHA PD SRC (Tr+ SR) + + + + / -  

WD, well differentiated; MD, moderately differentiated; PD, poor- 
ly differentiated; ADC, adenocarcinoma; SRC, signet ring cell car- 
cinoma; T, tubular; TR, trabecular; SR, signet ring cells; P, papil- 
lary; PAS, periodic acid-Schiff; AB, alcian blue, pH 2.5 scored 
from0to + + +  

positive for D H A ,  D H C  and L G A  tumours,  weak and 
variable for D H E  and F H A  tumours  and negative for 
DHB and D H D  tumours.  

DHA,  DHB,  DHC,  D H D ,  DHE,  F H A  and L G A  
tumour  lines were serially transplanted, 14, 46, 20, 36, 
39, 17 and 27 times respectively into syngeneic rats, for 
cumulative periods of  in vivo growth ranging f rom 4 
to 10.6 years. Except for the first two or three passages, 
which usually grew more slowly than the following ones, 
early passages had the same growth characteristics and 
metastatic potential  as the late ones. Likewise, there was 
no major  change in the histological type, between early 
and late passages for most  of  the seven tumour  lines. 
However,  the D H D  tumour  line changed f rom faintly 
PAS-positive to entirely negative for PAS mucus stain- 
ing. PAS-positive signet ring cells disappeared f rom the 
D H E  tumour  line f rom the 28th or the 30th passage 
on. 

When rats were grafted with fragments of  syngeneic 
tumours  stored in liquid nitrogen, the success rate was 
similar to that  of  fresh tumour  grafts, ranging f rom 56% 
for D H E  turnout to 92% for L G A  tumour.  There was 
no change in the histology of  the transplanted tumour,  
even when the graft was stored for up to 9 years in liquid 
nitrogen. 

D i s c u s s i o n  

Some of  the seven transplantable intestinal tumour  lines 
used in this work were described in a previous publica- 
tion (Martin et al. 1973b). At that  time, this was the 
first report  of  a transplantable model of  intestinal tu- 
mours.  Since then, several lines of  chemically induced 
colorectal carcinomas transplantable into syngeneic rats 
(Ward et al. 1973; McCall  and Cole 1974; Goto  et al. 
1975; Steele et al. 1975; Cobb et al. 1987) or mice ( C o r -  
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Fig. 1. (a-g). DHA (a), DHB (b) and DHC (e) colonic adenocarcinomas serially transplanted into BDIX rats. Trichrome, x 360. DHD 
(d) and DHE (e) colonic adenocarcinomas serially transplanted into BDIX rats. FHA (f) and LGA (g) are respectively a colonic carcinoma 
grafted into a Fisher rat and a duodenal adenocarcinoma grafted into a Lewis rat. Trichrome, x 360 

bett et al. 1975; Double et al. 1975) have been reported. 
The murine intestinal tumours obtained by Griswold 
and Corbett  (1975) and by Cowen et al. (1982) were 
widely used to evaluate the efficiency of  chemothera- 
peutic agents. 

As the seven transplantable tumour lines reported 
here have been serially passaged in syngeneic rats for 
long periods of  time, it seemed interesting to summarize 
their main characteristics but also their stability through- 
out multiple serial passages. The lines kept the main 
features of  the primary chemically induced tumours 

from which they were derived. Their histological pat- 
terns varied from one line to another. These histological 
features mimicked the characteristics of  human colorec- 
tal tumours, which consist mostly of  well or moderately 
differentiated adenocarcinomas and rarely of  signet ring 
cell carcinomas (Morson and Dawson 1979). 

The seven lines exhibited different characteristics in 
their local outgrowth and in their metastatic potential. 
Local growth was relatively slow when compared with 
tumour growth of  numerous experimental models, in- 
cluding mouse colonic transplantable lines (Griswold 
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Fig. 1 

and Corbett 1975). This slow local growth correlated 
better with the local evolution of the human colorectal 
tumours, whose doubling time has been estimated at 
more than 150 days (Charbit etal. 1971). The local 
growth was specially slow for DHA, DHC and FHA 
tumour lines, which reached a volume of I ml only 3 
or 4 months after transplantation. Spreading to local 
lymph nodes or distal metastases were observed in all 
the lines with variations from one line to another. 
Lymph node invasion or distal metastases were only ob- 
served in animals which survived at least 3 months after 

tumour implantation. When the tumour had a rapid lo- 
cal growth with skin ulceration, as in the LGA line, 
animals rarely survived 3 months unless the tumour had 
been partly resected. Repeated partial resections of tu- 
mours were the best way to obtain metastases. Metas- 
tases could thus been induced in 70% of the rats grafted 
with DHB line, in 64% with DHD and in 81% with 
DHE. All the lines provided lung metastases or axillary 
and mediastinal lymph node invasion, whereas kidney 
and bone metastases were obtained only with DHB and 
DHD lines. It is noteworthy that liver metastases were 
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never observed in these models of transplantable tu- 
rnouts, whereas liver is the most common site of  metas- 
tases in human colorectal carcinomas. The most likely 
reason for this discrepancy may be that the venous 
drainage of  the subcutaneous tissues does not pass to 
the liver, unlike the venous drainage of  the gastrointesti- 
nal tract. However, the high incidence of pulmonary me- 
tastases obtained with the experimental tumours con- 
trasts with the rarity of  pulmonary metastases in the 
human disease. Tumour emboli from the subcutaneous 
tissue would be expected to lodge in the lung in the 
rat, whereas venous emboli from human gastrointestinal 
carcinomas first reach the liver, where metastases are 
common. Rat liver may also be particularly resistant 
to metastatic invasion (Malter et al. 1986). However, ar- 
tificial liver metastases can be induced by intraportal 
injection of  D H D  tumour cells (Van der Elst et al. 1986; 
Solberg et al. 1988; Chauffert et al. 1988) or other trans- 
plantable rat colon carcinomas (Ravikumar et al. 1989). 

The seven lines kept a relative stability in spite of 
multiple serial passages and cumulative in vivo growth 
for up to 10 years. This stability was rather exceptional 
for differentiated solid tumours. Griswold and Corbett 
(1975) reported that murine colon cancer grafts had a 
tendency to dedifferentiation from the first transplanta- 
tion on. The seven Iines have been stored frozen in liquid 
nitrogen since the first passages. The rate of  success ob- 
tained by grafting a frozen tumour fragment was almost 
equal to that obtained when grafting a fresh fragment. 
This caution allowed us to retard the serial passages 
and the risk of dedifferentiation. 

Cell cultures were established from four of  the seven 
lines, so that large amounts of  pure tumour cells were 
available. These cell cultures were used by ourselves 
(Martin et al. 1975; Martin et al. 1983; Chauffert et al. 
1986; Chauffert et al. 1988) and by others (Van der Elst 
et al. 1986; Dunnington et al. 1987; Solberg et al. 1988) 
to study the immunology and the biology of  colonic 
tumours or to evaluate treatments by cytotoxic drugs 
or modulators of the biological response. Cultured cell 
lines gave tumours when grafted into syngeneic animals; 
these turnouts were, however, less differentiated than 
the original serially transplanted tumour lines. Cultured 
cell lines were obtained from other tumours transplanted 
in the mouse and in the rat (Borman et al. 1982; Tsuruo 
et al. 1983; Bresalier et al. 1987). 

The transplantable lines reported here represent a 
good experimental model of  human colorectal tumours. 
They reproduce the different histological patterns of  hu- 
man carcinomas. Like human tumours they grow slowly 
and they can induce metastases. However, when com- 
pared with human tumours, the great difference exists 
in the fact that they do not induce liver metastases. These 
tumours are stable when serially grafted in vivo and 
can be kept frozen in liquid nitrogen for many years. 
Together with murine transplantable lines, they offer 
more opportunities to study the biology of  colorectal 
cancer and to experiment with new therapeutic ap- 
proaches to these tumours. 
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