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Summary.-The athymic nude rat rnu/rnu has been established as an in vivo model
for the acceptance of human digestive-tumour xenografts. We report the successful
xenografting of 7/12 (58%) primary explants from patients with digestive cancer.
Successful xenografting also occurred in 21/25 (84%) pancreatic tumours derived
from a pancreatic exocrine adenocarcinoma (GER) maintained in cell culture;
2 of those have been successfully passaged in nude rats. The simultaneous implanta-
tion of these tumours into nude mice led to an almost identical take rate. Passage of
one colonic and one pancreatic xenograft from nude rats into nude mice, and trans-
plantation back into nude rats, increased the take rates. The critical period for the
establishment of primary tumour growth was usually 28-42 days. The xenografts
maintained histological and cytological characteristics of the primary explants or of
the original tumour from which the cell line derived. The karyotype of the cell line
was also maintained in the solid tumour. Three murine tumours were successfully
grown as xenografts. Despite their immunoincompetence, the rats in this study
showed no increased morbidity or mortality when kept in conventional conditions,
compared jwith animals housed in isolators. The athymic nude rat will become a
valuable complementary tool to the nude mouse for the establishment and mainten-
ance of human digestive tumours and for surgical and serial serological studies.

SINCE the first description of the
athymic nude mouse nu/nu (Pantelouris,
1968) and the demonstration of its ability
to accept human colonic tumours as xeno-
grafts (Rygaard & Povlsen, 1969) a con-
siderable amount of work has been done
to establish it as an in vivo model for a
wide variety of human tumour xenografts
(Fogh & Giovanella, 1978).
The athymic Rowett nude rat rnu/rnu

has recently become available (Festing et
al., 1978) and a number of studies suggest
that in many respects it is biologically and
immunologically similar to the nude
mouse (Brooks et al., 1980; Pritchard &
Eady, 1980; Vos et al., 1980). However,
there have been few reports on the estab-
lishment of human tumour xenografts in
this nude mutant (Salomon et al., 1980;

Bastert et al., 1980; Colston et al., 1980;
Stark & Schlipkoter, 1980).
The aim of this present study was to

extend the work already reported on pan-
creatic tumour xenografts in the nude
mouse (Grant et al., 1979) to the nude rat,
to compare growth of particular tuniours
in both mutants, and to develop the nude
rat as a system for the in vivo culture and
maintenance of human pancreatic cancer
and other solid digestive tumours.

MATERIALS AND METHODS

Animals.-Outbred PVG nude rats wxvere
obtained from the Laboratory Animals
Centre (Carshalton, U.K.) and Olac 1976 Ltd
(Bicester). Nude mice were obtained from the
Imperial Cancer Research Fund Labora-
tories (Mill Hill, U.K.). Nude rats and nude
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mice were maintained separately in negative-
pressure isolators (Olac 1976 Ltd). Nude rats
were also maintained under conventional
conditions in filter boxes. Operative pro-
cedures were performed within the isolators
or in a Hepaire flow cabinet. Cells or tumour
specimens were implanted s.c. into the right
anterior chest wall and/or in the right iliac
fossa. Tumour material for serial passage was
removed under general anaesthesia with
recovery in the isolator, prepared and trans-
planted into further rats or mice in the man-
ner described below.
Primary tumour explants.-Tumour tissue,

obtained at laparotomy from patients with
pancreatic, colonic and gastric cancer (Table)
was washed in supplemented Ham's F12
medium containing 200 iu/ml penicillin G and
200 ,tg/ml streptomycin, transferred into the
isolator and finely minced with scissors;
0-5 ml of tumour was then implanted via a
syringe and 16-gauge transplant needle at
each site.

Pancreatic tumour cell line.-Cells from the
78th to 93rd passage of a human pancreatic
exocrine carcinoma (GER) were maintained
in supplemented Ham's F12 medium (Flow)
and harvested as previously described (Grant
et al., 1979); 3 x 107 cells were injected at each
site.
Mouse tumours.-0-5 ml of 3 established

mouse tumours, Lewis lung carcinoma,
Sarcoma 180 and B16 melanoma, was im-
planted in 2 sites as previously described in
6 nude rats.

Evaluation of xenograft growth.-Implanta-
tion sites were checked visually each week for
evidence of tumour growth. Where growth
occurred the widest and narrowest part of
each tumour was measured with a micro-
meter screw-gauge to calculate the mean
diameter; observation continued for 360 days
after implantation. Histological specimens of
primary explants and of tumours grown in
nude rats were fixed in neutral buffered
formalin and stained with haematoxylin and
eosin.
Chromosome analysis.-Chromosome ana-

lysis was performed on single-cell suspen-
sions of the cell line, as previously described
(Grant et al., 1979) and on solid pancreatic
and colonic xenografts. Solid tumour mat-
erial, weighing -0-4 g, was removed under
sterile conditions, minced with crossed
scalpels and incubated in 2 ml Ham's F12
culture medium and 1 ml 0-02% colchicine in

phosphate-buffered saline (PBS) for 2 h. The
solid debris was allowed to settle, the cell
suspension was centrifuged, washed x 3 and
diluted 1: 2 with PBS. Cells were lysed with
75 mM KCI for 10 min and fixed with meth-
anol/acetic acid (3:1). Chromosome prepara-
tiones were stained with 10% Giemsa and
photographed for counting (Schwarzacher &
Wolfe, 1974).

RESULTS
Animals

All nude rats remained alive and healthy
throughout the study. No operative mor-
bidity or surgical infection occurred at
implantation or biopsy sites and there was
no significant difference in health or
tumour growth between nude rats kept in
isolators or filter boxes. Post-mortem
examination on tumour-bearing animals
killed during the study revealed no meta-
static spread of the respective tumours.
Similar observations were made with nude
mice maintained in negative-pressure
isolators.

Primary tumour explants
The Table summarizes the results of

implantation of 12 primary human diges-
tive tumours to nude rats and nude mice:
3/4 pancreatic carcinomas, 3/5 colonic
carcinomas and 1/3 gastric carcinomas
were successfully implanted and grew pro-
gressively in nude rats; an almost identical
growth pattern occurred in nude mice.
The lag phase before growth, when
tumours remained quiescent but did not
regress, ranged from 28-91 days in both
rats and mice. All pancreatic and colonic
tumours which failed to grow by 35 days
as assessed visually and by palpation,
showed no subsequent growth throughout
the period of this study. Tumours were
observed to grow parallel to the body wall.
The growth characteristics of the xeno-
grafts were variable but all reached a
mean diameter of 3-0-3-5 cm within 180
days in the nude rat and 2-0-2-6 cm in the
nude mouse within 84 days. The histo-
logical characteristics of primary explants
successfully established as xenografts in
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TABLE.-Growth characteristics ofprimary human tumour explants into nude rats and mice

Primary

No. of
rats

Patient Tumour site Histology p
G.T. Pancreas Head Poorly differentiated
H.S. Pancreas Head Poorly differentiated
E.E. Pancreas Head Moderately differentiated

adenocarcinoma
T.H. Pancreas Body Moderately differentiated

adenocarcinoma
G.S. Colon Caecum Poorly differentiated

adenocarcinoma
Duke's C

E.C. Colon Ascending Moderately differentiated
adenocarcinoma
Duke's B

A.L. Colon Sigmoid Poorly differentiated
adenocarcinoma
Duke's C

A.N. Colon Transverse Moderately differentiated
Duke's B

A.C. Colon Sigmoid Poorly differentiated
Duke's B

A.N. Stomach Lesser curve Recurrent adenocarcinoma
W.V. Stomach Lesser curve Adenocarcinoma
E.W. Stomach Body Lymphoma

nude rats appeared to be maintained in all
tissues studied (Figure a-d). Similar
histological characteristics were found in
explants grown in nude mice. One primary
colonic explant (E.C.) was successfully
passaged from nude rats into 4 nude mice
and grew to form tumours with a mean
diameter of 2-2 cm within 21 days. Subse-
quent transplantation of the tumour into
4 nude rats showed 100% take and a short
lag phase of 7 days. The original histology
was maintained throughout passage and
transplantation. When tumours were ex-
cised surgically from nude rats, regrowth
of the primary tumour occurred at the
original site.

Pancreatic tumour cell line
21/25 implantation (84%) of the human

pancreatic cell line (GER) grew pro-
gressively in nude rats to form tumours
whose histology was similar to that of the
primary tumour from which the cell line
was derived and that of tumours pre-
viously grown in nude mice (Grant et al.,
1979). 18 of the tumours grew within 42
days; the 3 remaining tumours appeared
between 210-252 days and continued to

im-
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grow progressively. Two of these xeno-
grafts were passaged into 6 nude rats.
Three transplants grew progressively with
a lag phase of 14 days, and the histological
characteristics were maintained. Simul-
taneous implantation of the 83rd passage
of the cell line into 4 nude mice showed a
100% take rate after a lag phase of 21
days. A further pancreatic tumour was
successfully passaged into nude mice, and
subsequent transplantation into 5 nude
rats produced 4 tumours growing with a
lag phase of 7 days. The histology was
maintained throughout passage and trans-
plantation.

Mouse tumours
All 3 mouse tumours grew rapidly in

nude rats with a lag phase of 7 days and
led to host death by the tumour within 28
days. Post-mortem examination revealed
no evidence of metastatic spread.

Chromosome analysis
The human karyotype of the cell line,

with a modal number of 62 (Grant et al.,
1979) was maintained in the 81st passage
and in the solid tumour xenograft derived
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FIGURE.-Histological sections ( x 60) of: (a) primary moderately differentiated adenocarcinoma
of the ascending colon; (b) xenograft of colonic tumour from primary explant into a nude rat;
(c) primary poorly differentiated adenocarcinoma of the head of the pancreas; (d) xenograft of
pancreatic tumour from primary explant into a nude rat.
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from the cell line. Of the 100 cells analysed
in a xenograft from a nude mouse, all had
a human karyotype, 84% of cells having
59-67 chromosomes, and 12% being
polyploid. No mouse chromosomes were
seen in the human chromosome prepara-
tions. Similarly, of the 100 cells analysed
in a xenograft from a nude rat, all had a
human karyotype, 80% had 58-68 chrom-
osomes and 17% were polyploid. No rat
chromosomes were seen in the human
chromosome preparations. The colonic
tumour passaged from nude rats into nude
mice and transplanted back to nude rats
also appeared to maintain its karyotype.

DISCUSSION

The athymic nude mouse is proving to
be one of the most important single
mutants used in current biomedical and
cancer research. Its ability to accept
human tumour xenografts from patients
and cell lines (Kim et al., 1976; Schmidt
et al., 1977; Fogh et al., 1980) makes it
ideal for tumour-cell kinetic studies,
immunological and biomedical studies,
and for the investigation of the response
of such tumours to antineoplastic drugs
and their mechanism in action. However,
its size and small blood volume make it
unsuitable for surgical and serial sero-
logical procedures.
The nude rat is larger, more robust and,

despite its immunoincompetence, can be
kept in conventional conditions without
significantly more morbidity than in
animals housed in isolators. However, for
it to become a useful model in cancer
research, it must be shown to accept and
maintain a variety of human xenografts.
Salomon et al. (1980) studied mouse and
rat tumours and human colonic, mam-
mary and brain tumours in both types of
nude mutant, and Colston et al. (1980)
implanted 5 human tumour-cell lines in-
cluding colon and pancreas, but in both
studies the number of rats was small and
no definite conclusions were reached.
Bastert et al. (1980) reported that 8 human
mammary carcinomas maintained in nude

mice grew in nude rats, and successfully
established 6 primary human mammary
tumours in 20 attempts, but found that
they did not grow as well as in nude mice.
Stark & Schlipkoter (1980) passaged
human bronchogenic carcinomas from
nude mice to nude rats, and found that
they retained their histological character-
istics.

In the present study, we report the
successful xenografting of 7/12 (58%)
primary human digestive tumours and
21/25 (84%) implantations of a pan-
creatic tumour cell line (GER) in the nude
rat. Simultaneous implantation of these
tumours into the nude mouse provided an
almost identical take-rate. The critical
period for the establishment of tumour
growth was usually 28-42 days. All suc-
cessful xenografts in nude rats, except the
gastric cancer and 3 tumours derived from
the cell line, showed measurable growth
by 42 days, but the growth rate of indi-
vidual tumour was extremely variable.
Similar results were obtained in the nude
mouse, though the average growth rate of
each tumour was increased. All tumours
which grew in nude mice were passaged on
within 80 days. These results in nude rats
are comparable with our previous experi-
ence of digestive tumours xenografted in
nude mice (Grant et al., 1979; Duke, 1980)
and compare favourably with the limited
number of reports of the successful xeno-
grafting of pancreatic and gastric tumours
in nude mice (Schmidt et al., 1977). All
tumours studied retained their original
histology during passage and transplanta-
tion. Three murine xenografts were also
successfully grown in nude rats.

There are few reports of successful and
reproducible attempts at karyotyping
solid tumours (Kusyk et al., 1979) and
tumour xenografts (Visfeldt et al., 1972)
despite the fact that it is essential to know
whether the established xenograft has
retained its human karyotype and has not
induced a spontaneous tumour in the
immunoincompetent host (Reeves &
Houghton, 1978). In this study, karyo-
typing of solid pancreatic and colonic
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tumour xenografts has been constant and
reproducible, and this was almost certainly
due to large numbers of rapidly dividing
cells present in the tumour preparation, a
large proportion of which were arrested in
metaphase.
Our results suggest that the nude rat is

immunobiologically similar to the nude
mouse and that it will become a valuable
complementary tool to the nude mouse in
the study of human digestive cancer par-
ticularly in experiments where surgical
procedures are involved and where serial
blood samples from tumour-bearing ani-
mals are required.
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