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The growth pattern and microvasculature of pancreatic
tumours induced with cultured carcinoma cells
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Summary Pancreatic cancer is one of the most frustrating problems in gastroenterological surgery, since there is little we can do to improve
the survival of patients with current treatment strategies. If one is to elucidate factors related to carcinogenesis, tumour biology, diagnostics
and new treatment modalities of this malignant disease, then it is essential to develop a suitable animal model. In the present study we
investigated rat pancreatic tumour growth after intrapancreatic injection of cultured pancreatic carcinoma cells (DSL-6A/C1), originally derived
from an azaserine-induced tumour, as well as the features of tumour microcirculation using the microangiography technique. After
intrapancreatic inoculation, tumours were detected in 64% of animals. A 1 cm?® tumour volume was reached within 20 weeks after inoculation.
The tumours were ductal adenocarcinomas. Larger tumours showed invasive growth and spreading into the surrounding tissues, mainly into
spleen and peritoneum. Microangiography revealed that the pancreatic tumours had an irregular and scanty vessel network and there were
avascular areas in the center of the tumour. The area between normal pancreas and the induced tumour had dense vascularization.
Intrapancreatic tumour induction with cultured pancreatic carcinoma cells produced a solid and uniformly growing tumour in Lewis rats and it
thus provides a possible model for pancreatic cancer studies. © 2000 Cancer Research Campaign
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Although some progress has been made in our understanding ®fpreliminary study, we have reported that a tumour cell line
pancreatic carcinogenesis, the cause of this highly malignagDSL-6A/C1), originally derived from an azaserine-induced
disease still remains unknown. It generally grows withoutprimary tumour (Pettengill et al, 1993), produced a solid and
presenting symptoms until late in its history and thus poses maryniformly growing tumour when it was transplanted subcuta-
problems for the diagnosing physician. A mere 5-22% of tumourseously (s.c.) (Makinen et al, 1998). However, there are no studies
are detected early enough to allow radical resection (Trede et alyailable on the growth pattern and microvasculature of rat intra-
1990; Eskelinen et al, 1991; Warshaw and Fernandez-del Castillpancreatic tumours induced with cultured carcinoma cells. In this
1992; Janes et al, 1996), the only hope for cure. Although in recestudy we describe the tumour take, growth and microvasculature,
selective studies, 5-year survival rates of up to 17-27% have beand subsequently evaluate the feasibility of this animal model for
reported for curative resection of pancreatic cancer (Trede et alse in pancreatic cancer studies.

1990, 1998; Warshaw and Fernandez-del Castillo, 1992; Yeo et al,
1995), even those patients surviving pancreatic cancer for 5 ye
often die of local or metastatic late recurrence (Trede et al, 1998).
It appears that the results of surgical treatment alone have reach/gﬁimalS
a plateau in pancreatic cancer.

Since our understanding of the mechanisms of pancreatiMale Lewis rats £ = 120) were obtained from Charles River
carcinogenesis has broadened, new treatment strategies mightlsoratories (Sulzfeld, Germany). For transplantation, 5-week-old
devised to blunt the biological aggressiveness of these tumours.rats ¢ 1 week) with initial weights of about 100 g were used.
sound foundation for studies into tumour growth and progressioStudies and growth characteristics were based on five different
as well as new treatment modalities in pancreatic cancer would leinsplantation series. The animals were kept under standard labo-
the development of a reproducible animal model. The two maimatory conditions, fed a chow diet, observed daily and autopsied if
rodent pancreatic cancer models, the nitrosoamine-induceshowing lethargy, ulcers, swelling or weight loss. All animal
hamster model and the azaserine-induced rat model have beprocedures were approved by the Animal Care and Use
extensively documented (Longnecker and Curphey, 1975; Pour &ommittee of the University of Kuopio.
al, 1977, 1981, 1991, Longnecker et al, 1981, 1992; Pour, 1984,

Egami et al, 1991; Pettengill et al, 1993; Mé&kinen et al, 1998). Iq'umour cell line and trans .
plantation

ATERIALS AND METHODS

Tumour cell line DSL-6A/C1 (ATCC CRL-2132) was obtained

Received 13 May 1999 from an acinar cell carcinoma (DSL-6) of rat pancreas (Pettengill
Revised 17 August 1999 et al, 1993). Cell culture and characteristics of s.c. transplanted
Accepted 26 August 1999 tumours have been reported previously (Pettengill et al, 1993;
Correspondence to: K Makinen Mékinen et al, 1998). In brief, for pancreatic tumour induction,
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Figure 2 The growth curve for Lewis rat intrapancreatic tumours. Each
value is the mean + s.e.m. of pancreatic tumour volumes measured from
5-10 animals

Figure 1  Intrapancreatic tumour induction by injecting 2 million cultured
DSL-6A/C1 carcinoma cells in 20 pl volume into the splenic lobe of Lewis rat

pancreas. |njecteld iarcinf))mg_ ge”s were seen ir;_ pancreas under the resolution plates (Kod& using a Siemens X-ray tube equipped

pancreatic capsule (arrow). Fibrin glue was applied over the injection area to . A - -

prevent carcinoma cell spread before the needle was withdrawn Wlth a tungsten anode and a beryllium window. The ff’cus'to'f"m
distance was 53 cm, and exposure values were 18 min, 40 kV anc
20 mA. H&E samples were used for orientation and to confirm the

20 ul containing 2x 10° carcinoma cells were injected through the borders of the tissue structures.

pancreatic capsule into the pancreatic tissue at the splenic lobe

(Flgure 1) using Hamilton syringe (Hamilton Bongduz AG, Statistical analysis

Switzerland) with 26-gauge needle and a stereotactic apparatus

(Kopf, Germany). To prevent carcinoma cell spread after the injedn statistical analysis, the SPSS/PC+ program package (SPSS Inc

tion, Tisseel fibrin glue (Immuno AG, Austria) was applied over Chicago, I, USA) was used.

the pancreas around the needle and after a 1-min delay the needle

was slowly withdrawn. RESULTS

Recovery after successful tumour cell inoculation was uneventful.
The tumour take was 64% (77/120). At laparotomy the earliest
At autopsy, 2—-28 weeks after tumour induction, all tumours wergalpable nodules were found 2 weeks after inoculation, but in
removed, and their dimensions measured. The samples were themme animals tumours became palpable only after 15 weeks. If
processed for light microscopy studies. The tumour volume wathere had been any technical problems in inoculation (i.e. carci-
calculated in cubic centimeters. Abdomen and thoracic cavitjmoma cell spreading) tumour tissue was found also around the
were examined systematically throughout and all abnormal tissugseritoneum, mainly in the wound scars already after 2 weeks. The
were sampled and processed for microscopic examination. increase in tumour volume is shown in Figure 2. After 20 weeks
the tumours usually had attained 1%crolume and in half of the
experimental animals the tumours were still local. The others
showed invasive growth around the peritoneum, gut mesentery,
The method used has been described earlier (Kormano, 1968pleen, liver hilus, liver, kidneys and retroperitoneum. Ulcerative
Microangiography studies were carried out in untreatedZ) as  growth through the abdominal wall was found in the largest
well as in tumour-bearing animals € 7). Microangiography was tumours. No distant metastases were found outside the abdomer
performed by infusing 10% barium sulphate solutionThe consistency of tumours were hard. The cut surface was
(Micropaqué, Nicholas, France) into the abdominal aorta undethomogenous and pale, however, cystic changes were found in the
80-120 mmHg pressure until the pancreatic microvasculature wdargest (> 2.0 cf) tumours as well as the necrotic areas.
filed with contrast material. The whole pancreas was therDesmoplasia was a common finding. Tumour infiltrating lympho-
removed and fixed in 4% buffered formaldehyde solution anctytes and plasma cells as well as the granulocytes and giant cell
embedded in paraffin. Five hundred-micrometer sections were cuaif foreign type were found, although the inflammatory reaction
for microangiography and adjacenpu® sections were cut and was usually mild. All tumours were ductal adenocarcinomas
stained with haematoxylin and eosin (H&E) for histological showing usually moderate differentiation grade (Figure 3). No
studies. The microangiography slices were X-rayed with highsigns of perineural invasion were found.

Tissue samples

Microangiography
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Figure 3  Histologic appearance of pancreatic tumour taken 12 weeks after
DSL-6A/CI carcinoma cell inoculation exhibiting a moderately differentiated
adenocarcinoma (right) growing infiltratively into normal pancreatic tissue
(left). Scale bar = 100 pm

Figure 4 Microangiography of the border between a pancreatic tumour
(lower part) and normal pancreatic tissue (upper part) taken 15 weeks after
carcinoma cell inoculation. Vessel network filled with contrast media invades
into tumour tissue (A). Adjacent haematoxylin and eosin-stained section
showing the border between induced carcinoma and normal pancreatic

DISCUSSION

We have previously found that a tumour cell line (DSL-6A/C1)
derived from azaserine-induced rat pancreatic tumour (Pettengill
et al, 1993) produced a solid and uniformly growing tumour when
it was transplanted s.c. into the Lewis rat (Makinen et al, 1998).
However, our long-term strategy was to establish an intrapancre-
atic tumour model with a solid tumour nodule in the pancreas for
pancreatic cancer studies, to be subjected to detailed examination
in gene therapy studies.

In this experimental study we have demonstrated a reasonable
tumour take and reproducible growth pattern after intrapancreatic
tumour cell inoculation. In our series, 77 of 120 animals had
pancreatic tumours when autopsied. A number of animals did not
have palpable tumours until 15 weeks after cell inoculation. Since
a few animals were autopsied before 15 weeks, those animals
which did not have tumours at that time, would after all become
tumour-bearing if they would have lived longer. Consequently, we
believe that the actual tumour take was somewhat higher than 64%.

We conducted five different transplantation series and tumour
take varied between these series although the cell culture,
harvesting, animal age and inoculation techniques were similar.
One explanation may be that tumourigenicity of the cell line
varies. It is also possible that immunocompetent animals can
destroy tumour cells to varying degrees. Although the inflamma-

The microvasculature, as well as arterioles and arteries, dpry reaction within the tumours and in the peritumoural area was
pancreases were well filled with contrast medium. No rupturedisually mild, some variation did exist. Interestingly, some animals
vessels were found. Microangiography of normal rat pancreatthat did not have tumours had inflammatory reaction with giant
showed that the vessels sprout like branches into a dense capill&sils of foreign type, and some had also few atypical ductal cells as
network around pancreatic acini. The capillary structure wagvell as desmoplasia. In addition, some samples showed intense

regular in shape and size. Pancreatic tumours exhibited deficits
their microcirculation. Tumour vessels were irregularly organized

inflammation, as seen in the number of plasma cells and lympho-
cytes. This may be a reflection of immune rejection and tumour

slender, thin and straight ‘finger-like’ structures. There were avassell killing through graft-versus-host response. Consequently, if
cular areas in the centre of the tumours. The peritumoural are#e had used immunodeficient animals the results might have been
showed dense neovascularization and vessel invasion (Figure 4)ynore favourable in regard to induction of tumours. However, the

Figure 4  Microangiography of the border between a pancreatic tumour (right) and normal pancreatic tissue (left) taken 15 weeks after carcinoma cell
inoculation. Vessel network filled with contrast media invades into tumour tissue (A). Adjacent haematoxylin and eosin-stained section showing the border

between induced carcinoma and normal pancreatic tissue (B). Scale bar = 100 um
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experiments then would have been much more complicated and We observed that a tumour cell line (DSL-6A/C1), derived from
the linkage of this model to human disease would have beean azaserine-induced rat pancreatic tumour (DSL-6), produced a
diminished. solid and uniformly growing tumour when transplanted intrapan-
Intrapancreatic tumour induction with small fragments of rapidlycreatically into the Lewis rat, providing a feasible model for
growing azaserine-induced primary tumour was originallypancreatic cancer studies.
presented by Longnecker (1981). In this model pancreatic tumours
grew rapidly, reachl_ng_ 2-3cm dlm(_ensmn in3 Week§. This _mOde}\CKNOWLEDGEMENTS
has been adapted in intrapancreatically as well as in s.c.-induced ] ) ) ]
tumours (Aprahamian et al, 1993; Karsently et al, 1993; Evrard ethis work was financially supported by the EVO-fund financing
al, 1994). Although tumours induced with cultured cells grew moreSyStém of Kuopio University Hospital, The Finnish Medical
slowly, experimental tumours induced with a homogenous celFoundation, The Finnish Medical Society Dupdemm and the Savo
population may offer advantages with respect to similar biologicafF@ncer Fund of the North-Savo Cancer Society.
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