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Objective

To investigate whether a high-fat/high-protein diet (HFPD)
acts as a promoter of the natural course of cancer growth in
the 7,12-dimethylbenzanthracene (DMBA)-induced ductal
pancreatic cancer model in rats.

Summary Background Data

DMBA implantation to the rat pancreas induces ductal adeno-
carcinoma. Information regarding the effects of diet and the
presence of K-ras mutation in this model is not available.

Methods

Rats were randomly assigned to regular rat chow or a diet
with a 30% content in fat and protein (HFPD). The presenta-
tion of cancer, the histologic spectrum of neoplasia at 1 and 9
months, and the prevalence of cancer in relation to diet were
assessed. Histologic specimens comprising normal ducts,
hyperplasia, dysplasia/carcinoma in situ, or carcinoma were
designated by a pathologist and microdissected. Genomic
DNA was extracted, and K-ras and H-ras gene mutations
were determined by a mutant-enriched polymerase chain re-
action assay and direct sequencing.

Results
Rats fed HFPD increased their weight significantly compared
with controls. DMBA induced characteristic stages of neopla-

sia at the implant site but not elsewhere. Macroscopic can-
cers of the pancreatic head presented regularly with common
bile duct and gastric outlet obstruction. The prevalence of
K-ras mutations was proportional to the degree of epithelial
abnormality. K-ras mutations were significantly more frequent
in cancer than in normal and hyperplastic ducts. H-ras muta-
tions were not found. At 1 month in the HFPD-fed rats, the
prevalence of cancer (16%) and dysplasia (16%) was not sig-
nificantly different from the prevalence of cancer (29%) and
dysplasia (8%) in the chow-fed rats. At 9 months the preva-
lence of cancer in the HFPD-fed rats increased to 29%,
whereas that in the chow-fed rats decreased to 17%. The
combined prevalence of cancer and dysplasia at 9 months in
the HFPD-fed rats (34%) significantly exceeded that in the
chow-fed rats.

Conclusions

DMBA induces characteristic stages of neoplasia in the evolu-
tion of ductal pancreatic cancer in rats. K-ras mutations occur
progressively in the ladder of oncogenesis, as in human pan-
creatic neoplasms. The addition of a diet with a high fat and
protein content acts as a promoter of carcinogenesis, possi-
bly by interfering with repair mechanisms and natural regres-
sion of early lesions.

Our understanding of the development of early stages afreatic carcinogenesis is incomplete. The analysis of pre-
pancreatic cancer and of the molecular mechanisms in pacudrsor lesions of pancreatic cancer in humans is limited by
its recognition only at advanced tumor stages in more than
95% of patients. Mucinous cystic neoplasms and intraductal
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sociated with those stagé&$.Animal models of pancreatic Diets

ductal adenocarcinoma also can provide an opportunity to The two diets fed to the rat imil ith i
investigate evolutionary stages of neoplasia and the se- € two diets fed 1o the rats were simiiar with respect 1o

quence of genetic changes involved in their development\./'tam'n and mineral profile but differed considerably in fat

These models have the additional advantage of allowing thgnd protein content and composnpn. The no.rmal diet in-
study of promoters of carcinogenesis either by targetin olved a standard rodent formula with a protein content of

. . . e 3.4% and a fat content of 4.5% (Laboratory Rodent Diet
specific genes or by varying environmental and nutritional . T
f:fctors 9 y varying PMI Feeds, Inc., St. Louis, MO). The HFPD (Rodent Diet

DMBA (7,12-dimethylbenzanthracene) is known to in- Modified, AIN-93G, Bio-Serve) contained 30% protein and

d - ; : 30% fat.

uce pancreatic cancer of ductal phenotype in st its

ductal origin was debated until recenfifpMBA has been

shown to induce cancer through pathways that consistently ymor Induction

involve K-ras gene mutations, as in human pancreatic can-

cer. It seems particularly suitable for recreating a control- DMBA was implanted directly into the pancreas of rats
lable approximation of the human counterpart. according to a previously established prototah brief,

A diet high in fat and protein content has been identifiedsurgical anesthesia was induced with vaporized ether and
as a potential risk factor for pancreatic adenocarcindma.Mmaintained by an intramuscular injection of pentobarbital
We therefore tested the hypothesis that a high-fat/high{20 mg/kg) and ketamine (40 mg/kg). The rats underwent a
protein diet (HEPD) acts as a promoter of carcinogenesis bjnidline laparotomy with exposure of the pancreatic head
examining the histologic response of the pancreas to DMBA€gmMent. The parenchyma was incised parallel to the course
and the appearance of characteristic ras mutations in rats féf the common duct, and a pocket was developed in the

either a normal diet or the fat diet. pancreatic parenchyma at this site. DMBA crystals (5 mg)
were implanted and secured in place with a 6-0 prolene
METHODS pursestring suture.

Experimental Design

Previous observationsand pilot studies suggested that Pathologic Examination

the prevalence of cancer in the normal-diet group would be At autopsy the abdomen was explored with particular
25% and would increase to at least 40% in the HFPD groupattention to pancreatic changes, enlargement of peripancre-
Considering a likely attrition of 35% to 40%, we designed atic lymph nodes, and metastasis to the liver and the peri-
the study to include 155 rats in each arm to achieve signiftoneal cavity. The pleural cavity and lungs were inspected
icance at anx-level of 0.05 with 80% power (two-tailed for possible tumor spread. The pancreaticoduodenal seg-
chi-square test). Death within 4 days of surgery was definedhent, including peripancreatic lymph nodes, was excised
as perioperative. The death rate was analyzed for 3-montfor histologic examination. Macroscopic nodules were sep-
intervals. Based on prior experience with this model, thearated and examined histologically. The carcinogen implant
end point of the study was set at 9 months after carcinogesite, marked by a nonabsorbable prolene stitch, was sepa-
implantation. An additional 50 rats randomly assigned torated from the rest of the pancreatic head for examination
the two different diets were killed at 1 month after carcin- for microscopic neoplastic foci.
ogen implantation. All pancreatic nodules and adjacent pancreas were fixed
Animal care was provided in accordance with the procedin formalin and embedded in paraffin, and multiple.6y
dures outlined in the Guide for Care and Use of Laboratorysections were prepared and stained with hematoxylin and
Animals (NIH publication 85-23, 1985). Male Sprague- eosin for routine histology. All slides were reviewed by a
Dawley rats (Charles River Laboratories, Cambridge, MA)single pathologist (F.G.-C.) and assessed for the presence of
weighing 100 to 125 g were housed in cages and randomlpancreatic dysplasia, neoplasia, and inflammation. Changes
allocated to two different diets 2 weeks before carcinogerat the implant site and of the main pancreatic duct were
implantation. The rats were allowed free access to food andeparately recorded.
water and were exposed to 12-hour light/dark sleep cycles. Hyperplasia was defined as an increase in the number of
After DMBA implantation, the rats were inspected daily for epithelial cells lining the duct, with crowding and subse-
complications and weighed monthly. Sick animals and ratgjuent micropapillary growth. Atypia was defined by nuclear
with a loss of more than 20% of body weight in a 1-monthor cytoplasmic abnormalities, including nuclear enlarge-
period were killed. All animals underwent autopsy to de-ment (often with nucleolus) and nuclear crowding without
termine the cause of death and weight loss, to assess tumbyperchromatism. Dysplasia represented changes reminis-
extent and spread, and to excise the pancreas for histopeent of adenoma, with nuclear crowding, hyperchromatism,
thology and molecular analysis. The subcommittee on anipseudostratification, and often mitotic activity. Carcinoma
mal research of the Massachusetts General Hospital ajn situ was diagnosed when architectural changes such as
proved the design of the study. cribriforming epithelial growth were seen in conjunction
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with nuclear changes of malignancy, such as large nucleAMACTTGTGGTAGTTGGACCT-3'; antisense primer 1, 5'-
with nucleoli. Designation as invasive adenocarcinoma reCTTTTTCAAACAAAGGATGACT-3'; antisense primer 2,
quired the presence of infiltrating irregular neoplastic gland$'-GCCACCCTTTACAAATTGTAC-3'; H-ras assay: sense
within a desmoplastic stroma. primer 1, 5-GACAGAATACAAGCTTGTGGTGGGCCCT-
Histologic analysis 1 month after carcinogen implanta-3'; antisense primer 1, 5-GACTCTAACCCATGACCACT-3};
tion consistently showed a marked inflammatory reaction asense primer 2, 5-CAAGCTTGTGGTGGTGGGCCCT-3';
the site of carcinogen implantation. Tubular complexesantisense primer 2, 5-GGCAGGTAGTCAGAGCTCAC-3'".
were consistently found in rats within 1 month of DMBA  The individual bands on the agarose gel were cut using
implantation; they have been shown as the precursor forsterile disposable scalpels and transferred to tubes. PCR
mations of neoplasia in this mod&The (chemical) pan- products were then extracted and diluted to a concentration
creatitis made it difficult to distinguish reactive cellular of 3 ngjuL and 10uL per reaction. Products obtained were
atypia from dysplasia. For this reason, histologic lesionssequenced by the dye terminator method using an ABI 373a
with pronounced inflammatory tissue reaction, althoughautomatic sequencer, as previously described.
having criteria consistent with high-grade dysplasia, were All PCR reactions were 5Q.L in volume and included 5
rated as indefinite for dysplasia. nL DNA (10-50 pg/mL), 1X PCR buffer A, 200umol/L
each deoxynucleotide triphosphateyumol/L concentration
of each primer, and 0.5 U Taq polymerase. Each PCR run
Gene Analysis included a sample with no template DNA to control for
carryover contamination. Samples were subjected to 30
Histologic specimens from 41 rats comprising normalcycles of amplification in a DNA thermal cycler at the
ducts (n= 10), hyperplasia (== 14), dysplasia/carcinoma following parameters: 45 seconds at 94°C, 45 seconds at
in situ (n= 6), and carcinoma (& 11) were designated by 55°C, 1 minute at 72°C. After amplification, 20% of PCR
a pathologist (F.G.-C.). Consecutive unstainedub®-sec- reaction mixture was digested with BstN1. Each BstN1
tions were microdissected under an operating microscope aigestion totaled 5@ in volume, containing 1QuL PCR
30X to 45X magnification. The designated epithelium wasproduct and 50 U BstN1 in>d NE buffer 2 supplemented
carefully harvested with exclusion of associated fibrouswith 100 wg/mL bovine serum albumin. Incubation was at
reactive tissue. Disposable fine-tipped scalpels were use8D°C for 3 hours. PCR fragments and BstN1 digestion
for microdissection to prevent contamination. After micro- products were electrophoresed on ethidium bromide-stained
dissection, the slides containing the residual tissues werg% low-melt agarose gels.
stained with hematoxylin and eosin to confirm the accuracy
of the collection. L. .
Microdissected samples were deparaffinized in xylene>tatistical Analysis

and gradually rehydrated. Tissues were then digested with pifferences between groups were analyzed by two-tailed
proteinase K (200 mg/mL) for 16 to 18 hours at 50°C. chj-square tests with Yates correction and two-tailed Fisher
Genomic DNA was extracted sequentially with phenol, exact tests when one group contained five or fewer obser-

phenol:chloroform (1:1), and chloroform. Subsequently,yations. Differences in weight were calculated by Student
DNA was precipitated with 100% ethanol and washed withtest, Significance was defined Rt< .05.

70% ethanol. After centrifugation, each sample was allowed
to dry for at least 1 hour at room temperature and then
resuspended in 2pL Tris-EDTA buffer. DNA concentra- RESULTS
tion and purity were measured by optical density.

K-ras and H-ras codon 12 gene mutations were detecte eath Rate
by a species-adapted mutant-enriched nested polymeraseThe death rate of the rats in the 1-month short-term study
chain reaction (PCR), as described previodslyn brief, an  was 4% (1/25) in the chow group and 16% (4/25) in the
initial PCR using mismatched 5' primers was performed HFPD group by 30 days. Among the 310 rats in the long-
yielding a 174- and 164-base pair product corresponding tterm study, the overall death rate was identical in both
exon 1 of the K-ras and H-ras gene, respectively. Thesgroups: chow 39% (61/155) and HFPD 41% (63/155). The
mismatched primers were designated to introduce a BstNfierioperative death rate was 5% (7/155 in the chow group)
restriction site in wild-type codon 12 PCR products. Theand 3% (5/155 in the HFPD group). The times and causes of
products were then digested with BstN1, thereby enrichingleaths were not significantly different (two-tailed chi-
the mutated DNA sequences. #econd PCR amplification square test) in the two groups. The death rate was 20%
followed, using the same mismatched 5' primer and a 3' primef31/155) in the chow group versus 17% (26/155) in the
upstream of the one previously used. The second PCR reactiétFPD group at 3 months, 8% (12/155) in the chow group
yielded a 152- and 120- base pair product. PCR products wenreersus 12% (19/155) in the HFPD group between 4 and 6
confirmed on a 2% low-melt agarose gel. The following prim-months, and equal in both groups at 12% (18/155) between
ers were used: K-ras assay: sense primer, 5-~ACTGAGTATAY and 9 months.
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Body weight in rats with high-fat/high-protein diet
and controls
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The pancreatic adenocarcinomas measured 2 to 38 mm
Figure 1. Weight gain of rats fed a high-fat/high-protein diet (HFPD)or  (Mean diameter 19.8 mm) in the chow group and 2 to 58
a diet with normal fat and protein content (ND). mm (mean 15.0P = .22) in the HFPD group. Obstruction

of the common bile duct was observed in 51% (25/49) and
gastric outlet obstruction was found in 31% (15/49) of rats

The main cause of death through month 3 was necrotizingvith macroscopic pancreatic adenocarcinoma. In 14% (7/
pancreatitis (67%). In the second three-month period, pnew9) of rats, the tumors invaded into adjacent abdominal
monia was the principal cause of death (9/31 [29%)]) andrgans, including the duodenum£n5), colon (n= 1), and
common bile duct obstruction with purulent cholangitis andliver (n = 1). Macroscopic metastatic disease was present in
mesenteric ischemia were each found in 10%. During thé4% of rats (7/49) with macroscopic tumors: three animals
last 3 months, animals were most often killed for cancerthad lymph node metastasis and four had peritoneal carci-
progression. Tumor-related complications included weighhomatosis. Metastases were observed in 5% (1/19) in the
loss from gastric outlet obstruction in 25% (9/36) and thechow group and 20% (6/3® = .15) in the HFPD group.
presence of extrapancreatic tumors in 19% (7/36). None oo other metastases were detected.
these tumor-related complications occurred during the first
6 months. Histologic Analysis
. Microscopic analysis of the pancreas 1 month after car-
Body Weight cinogen implantation revealed characteristic changes of

At all time points, body weight was significantly greater central necrosis surrounded by a zone of tubular complexes
in the HFPD group (Fig. 1P < .01). and normal peripheral pancreatic tissue (Fig. 2). The degree
of inflammatory reaction at the site of the implant, in
particular in the area of tubular complexes, was pronounced,
whether reactive cellular atypia, dysplasia, or cancer was

In animals killed at 1 month, the pancreas consistentlyfound. Carcinoma in situ or microinvasive adenocarcinoma
showed a fibrous nodule 2 to 5 mm in size at the location ofvas found in 29% (chow) and 16% (HFPD) of the rats and
the DMBA implant. None of these nodules showed histo-indefinite-for-dysplasia lesions in 8% (chow) and 16%
logic characteristics of cancer. Local inflammatory reac-(HFPD) (Fig. 3). A 16% (chow) and 8% (HFPD) prevalence
tions frequently resulted in adhesions to adjacent organgf hyperplasia was found in the main pancreatic duct, but
predominantly to the colon. In the long-term group, macro-dysplasia and adenocarcinoma were detected only in the
scopic nodules of the pancreatic head were detected in 20%rea of tubular complexes. The prevalence of these histo-
(62/310), 17% (26/155) in the chow group and 23% (36/logic abnormalities in the two groups was not significantly
155) in the HFPD groupR = .31). Although most were different (P > .4).

Macroscopic Findings
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Histology of implantation site in rat pancreas
30 days after DMBA implantation
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Histologic analysis of the 310 rats in the long-term study Although the carcinogen implant was placed adjacent to
showed various stages of pancreatic neoplasia and ducttile pancreatic duct, dysplastic lesions in the main duct were
adenocarcinoma (Fig. 4) in 23% (71/310) overall, 17% inrare (1% each for low- and high-grade dysplasia). No cancer
the chow-fed rats and 33% in the HFPD group. The prevawas found in the main pancreatic duct or in its side
alence of adenocarcinoma was greater in HFPD rats at aliranches. Hyperplasia of the main pancreatic duct occurred
time points, and the difference was significant at 9 monthsn 26% of animals (79/310) and was associated with pan-
(P = .02; Fig. 5). Compared with the 1-month animals, thecreatic cancer in 15% (12/79).
prevalence of cancer increased in the HFPD group from Most of the pancreatic cancers were moderately differ-
16% (4/21) to 33% (45/15% = .02); that in chow-fed rats entiated (grade 2) mucinous ductal adenocarcinomas, but
decreased from 29% (7/24) to 17% (26/18%;= .02).  10% (7/71) of the cancers showed an intestinal differentia-
Considering the indefinite-for-dysplasia lesions as precurtion (grade 1) that displayed a characteristic increase in the
sors of adenocarcinoma, the prevalence of the two categamumber of neuroendocrine cells, as determined by silver
ries was combined. As a consequence, the chow-fed grougtains. Microscopic adenocarcinoma was detected in 27%
had a significantly increased prevalence of neoplasia at (7/26) of all cancers in the chow group and 33% (15/45) of
month (37%; 9/24) compared with 17% at 9 montRs<{  all cancers in the HFPD group; the difference was not
.017), but the prevalence of neoplasia in the HFPD grougignificant.
was not different (33% vs. 299 = .39) (Fig. 6). The
combined prevalence of cancer and dysplasia at 9 months qu
the HFPD group (34%) significantly exceeded that in the
chow group (21%P < .02). H-ras mutations were not found in any of the 39 samples
analyzed (2 samples were technically unsuccessful). The
prevalence of K-ras mutations was proportional to the de-
gree of epithelial abnormality. Normal ducts unrelated to
neoplastic lesions did not display K-ras mutations (0/10).
The prevalence of K-ras mutations was 21% in ductal
hyperplasia (3/14), 50% in dysplastic or carcinoma in situ
samples (3/6), and 91% in invasive cancer (10/11). K-ras
mutations were significantly more frequent in cancer than in
normal and hyperplastic duct® (< .001). The mutations
were always detected in codon 12 and consisted of GGT to
GAT and AGT gene mutations.

ene Analysis

DISCUSSION

: Although the progenitor cell of human pancreatic adeno-
Figure 4. Invasive pancreatic ductal adenocarcinoma 9 months after carcinomas 1S still Controver_5|a|, experimental evidence in-
DMBA implantation. dicates that early pancreatic cancer of ductal phenotype
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Figure 5. Occurrence of pancreatic
ductal adenocarcinoma during the
9-month experimental period. The
prevalence of cancer was higher at all
intervals in the high-fat/high-protein
diet group (HFPD) than in the normal
diet group (ND).

1 2 3 4 5 6 7 8 9 sacrificed
at 9 [months]

p-values 0.39 (F) 0.45(F) 0.43(F) 0.46(F) 0.31(F) 0.23(CY) 0.35(CY) 0.34(CY)s 0.10(CY) 0.02(CY)
ND 1123 127 U1 B2 134 1/43 349  4/51 661  26/155

HFPD 2017 2/24 2/26 2/29 3/35 5/45 7/51 9/58 14/63 45/155

Significance was calculated with Fisher\s exact test (F) or Chi-square test with Yates correction (CY)

arises in small pancreatic ducts or ductfléhe transfor-  beling technique$.DNA adduct formation of carcinogens
mation of ductules to tubular complexes represents thean lead to mutations in oncogenes and tumor suppressor
earliest stage in the evolution of DMBA-induced pancreaticgenes Carcinogen DNA adducts have been found in hu-
cancer and can be consistently found as early as 14 daysan and rat organs, and increased levels of aromatic and
after carcinogen placemehtSurrounded by a marked in- lipid peroxidation-related DNA adducts in pancreas adja-
flammatory reaction, dysplastic changes evolve in tubulacent to cancers in human tissues are consistent with a
complexes within the first month after carcinogen implan-pathogenetic role of DNA adducts in pancreatic caricer.
tation, and early dysplasia and cancer develop through these Interactions of carcinogens with DNA can be altered by
distinctive stages in 30% to 40% of animals. The modeldietary and environmental factors. A Western-style diet has
displays positive ductal, negative acinar, and negative isldbeen shown to induce hyperproliferation of interlobular
cell markers in tubular complexes and pancreatic cahcer. ducts and intralobular ducts but not of centroacinar cells in
DMBA induces cancer by covalent binding to DNA, rodents, and may sensitize the pancreas to the effects of
forming DNA adducts that can be measured®3y postla-  carcinogens®**A high-fat diet also acts as a promoter in a

40
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model of pancreatic cancer that seems to arise in i$fets.
promoting effect of a high-fat/high-protein diet on tumor
development, as shown in this study, is also suspected it
human pancreatic cancer. Various promoting and protective
genetic, dietary, and environmental factors have an impact
on the multistep process of carcinogenesis, but experimenta$.
and clinical data support the significant influence of diet in
pancreatic cancer.

A high-fat diet and obesity, both increasingly prevalent in
Western societies, have been suspected risk factors for
human pancreatic cancer and other canté?s constant 5.
positive energy balance leading to obesity and specific lipid
effects on tumor promotion are thought to be pathogeneti-
cally important***® Whereas the specific mechanisms in-
volved are not known, a negative effect of a high-fat diet on
gene repair mechanisms or enhanced DNA repair by con-7.
stant energy restriction has previously been propdS@tie
dietary influence on the integrity of the p53 tumor suppres-
sor gené’ and on the efficiency of repairing DNA frag- g
ments of various genes, including ras genes, supports this
hypothesis® High dietary fat ingestion may also promote 9.
tumorigenesis by increasing COX-2 and ras-p21 expression
and membrane localization of ras-p21, which is essential foi
ras function. The influence of dietary factors on ras path-
ways may be particularly important in a model with a high
prevalence of activating K-ras mutatiohis.?*

The hypothesis that dietary factors can enhance patho-
logic ras pathways and concurrently inhibit repair mecha- ,,
nisms by interfering with tumor suppressor genes is sup-
ported by our results. The HFPD acted as a promoter of

carcinogenesis in the DMBA rat model of pancreatic canceri3.

At 9 months the prevalence of pancreatic adenocarcinoma
(29%) was significantly increased compared with normal-

diet controls (17%). The cancer prevalence in HFPD ratss

also increased from 16% at 1 month to 29% at 9 months,

whereas that in control rats decreased to 17%, indicatings.

that regression of neoplastic lesions may occur as a normal
process in a subgroup of animals fed a normal diet. If the
dysplastic precursor lesions are included in the analysis, the

cancer-promoting effect of the HFPD and the apparents.

regression in normal diet conditions is retained.

In summary, this carcinogen-induced rodent model of
ductal adenocarcinoma provides further support for the ep-
idemiologic observation that an HFPD promotes the devel-
opment of pancreatic cancer, perhaps by interfering with

natural reparative defense mechanisms that would otherwis®.

abort the oncogenic progression.
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Discussion

1. Z'graggen K, Rivera JA, Compton CC, et al. Prevalence of activating DR. MARSHALL M. URIST (Birmingham, Alabama): In 1945,
K-ras mutations in the evolutionary stages of neoplasia in intraductalAlbert Tannenbaum published a paper in Cancer Research entitled
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‘The Dependence of Tumor Formation on the Composition of themodel, particularly with the RAS mutations, were identical to
Calorie-Restricted Diet As Well As on the Degree of Restriction.‘ changes in human cancers. In addition, there was a high incidence
He examined both total caloric and relative composition influence®f perineural invasion in the Syrian hamster model just like there
on the development of chemically-induced and spontaneous manis in humans. Now you have developed a different animal model,
mary and skin tumors in mice. He concluded that elevated fat different species, and it seems like the changes are identical to
content in the diet increased the incidence of tumors, even in theuman and to another animal model. It's a really neat model and
face of the inhibitory effect of calorie restriction. This hallmark ought to provide significant information. | have two questions.
paper described two independent factors, total calorie consumption One, are the changes, particularly the precancerous changes,
and high fat diet. limited to the area of local application of the carcinogen, or are
This is the same fact that Dr. Warshaw and colleagues havéhere changes throughout the pancreas?
described in a rat model of pancreatic cancer induced by implant- Second, have you looked for or found any perineural invasion in
ing DMBA directly in into the pancreas. The difference betweenthe animals that have developed tumors and died from tumors?
study designs lies in the total amount of calories consumed by the Thank you.
two groups of control animals. Dr. Tannenbaum showed that the DR. ANDREW L. WARSHAW (Boston, Massachusetts): |
effect can be due to increased consumption of total calories alonevant to first thank Dr. Townsend for asking those questions,
The primary question for the authors, therefore, is: how does théecause up until that moment this was going to be a unique
total calorie intake compare between your two groups? Could thexperience for me in not being able to answer a single question
effect you observed be due to higher total calorie intake rather thaasked in the course of the discussion. So you can anticipate many
the specific content of the high fat/high protein Westernized ratof my comments.
diet? Dr. Urist, in effect, questioned whether it could be the caloric
You also described that some animals become ill for a period oflifference alone rather than the fat, and the answer is yes, our
time after the pellet implantation. Did this lead to a change in theexperimental model does not distinguish between those two. There
calorie consumption between the two groups? clearly was an increased total calorie intake as manifested by
Second, you described very nicely the transitory nature of theveight gain in those rats, so | can’t answer that question, Dr. Urist.
tumors seen in the control group. Why do early proliferative Could it have been some effect of other illness, whether it was
lesions not lead to cancer even in the control group? How long ishe pneumonia or pancreatitis? | don’t think so because those rats
the DMBA released into the local tissues? in general died, and they were autopsied, and their presence or
The authors are to be congratulated on developing an interestingbhsence of cancer was included in the cumulative figures, and that
model of pancreatic cancer and using this to investigate factors thatid not affect the overall curve.
are known to be associated with the development of this disease. Your third question was why don’t the tumors progress in the
| would like to thank the Association for the opportunity to normal diet, a similar question to what Dr. Rosemurgy asked. The
comment on the paper and the authors for the opportunity t@nswer can only be speculated on the basis of previous work of
review their manuscript. others cited on COX-2 and on DNA error repair and a variety of
DR. ALEX S. ROSEMURGY, Il (Tampa, Florida): It is a other speculative possibilities.
privilege to have the opportunity to discuss this. In summary, this Dr. Rosemurgy asked what is the toxin in this, whether it be the
paper shows that pancreatic adenocarcinomas did occur with @alorie, the fat, or something else. | don't know, and we have an
normal diet after implantation of a strong carcinogen, but the rat®bservation without an explanation.
were able to prevent clinical progression of the cancer in the What potential human dietary factors might we address so that
absence of a high-fat/high-protein diet. Several questions come toone of us get pancreatic cancer? | don’'t know. | wish | did. Many
mind. years ago we proved it wasn't coffee, thank goodness.
What is the deleterious factor in the high-fat/high protein diet? What is the mechanism of repair? | have tried to address that in
It seems that it is not the high protein, since the protein concenmy limited fashion. What dietary modifications might be implied?
trations in the two diets were quite similar; whereas, the fat contenAgain, | don’t know.
in the diets was quite dissimilar. Is diet different than obesity, as Dr. Townsend, the hamster, the Syrian Golden hamster model
was just touched upon? It would be interesting to know if the ratsthat you referred to uses a carcinogen called BOP. That has been
were exercised to weight control, if there would be a difference inprobably one of the most extensively studied animal models of
the progression of the cancer, since it is not the appearance of thmancreatic cancer that we have. The originator of that model,
cancer that seems to be different. Parvis Pour from Omaha, believes it is of islet cell origin and has
Can you speculate about analogous dietary factors that we migliteen spending the last 10 years trying to prove that this is a
be exposed to that would make a difference in our clinical popu-different kind of cancer. In fact, he is trying to prove that all human
lation, as pancreatic cancer seems to be increasing in this eveancer originates from the islet cells rather than from the ducts, so
increasing obese population of ours? that story is a little bit off. But it probably is at least an acinar cell
How does the high-fat diet and the factors in that diet exert itscarcinoma, in the opinion of most, so it may not be comparable
effect? Obviously, it seems to have its effect through some processompletely.
through genetic repair, but that is not necessarily directly apparent. The one question | can answer: are the changes local or general
Lastly, how can we use utilize it in our treatment to protect from as induced by this carcinogen? They are definitely local. It is not
or treat cancers that are induced by dietary factors? seen in the rest of the pancreas or elsewhere in the main pancreatic
Thank you very much. duct.
DR. COURTNEY M. TOWNSEND, JR. (Galveston, Texas): In  The final question was why aren’t these changes permanent? I'd
Pour’s study using the Syrian golden hamster also treated witfove to know. Maybe | will be back another year. Thank you very
carcinogen (but by systemic administration), the changes in thatnuch.



