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containing genes involved in alcohol metabolism. In addition,
we found a strong genetic-environmental interaction related to
the risk of OSCC. Subjects with two environmental risk factors
(ever-smokers and ever-drinkers) in combination with two
genetic risk factors (AA or GA at rs1229984 (ADH1B) and GG at
15671 (ALDH2)) had a much higher risk than other subjects.
Specifically, compared with no risk factor, the ORs with one,
two, three and four risk factors were 1.4 (95% CI 0.7 to 2.7), 4.3
(95% CI 2.2 to 8.4), 41.0 (95% CI 20.2 to 83.3), and 357.1 (95%
CI 105.4 to 1209.5), respectively. Of all of the risk factors for
OSCC that we had previously examined, the combination of all
four factors studied had the highest risk, with an OR of 357.1.

This information on the strong genetic-environmental inter-
action is valuable for secondary prevention of OSCC. When we
see subjects who show ADH1B (rs1229984) and ALDH2 (rs671)
variants as well as smoking and drinking habits, we will advise
them to have a periodic upper gastrointestinal fibre test.
Screening of these patients could have an important role in the
early detection of OSCC. Furthermore, the information gained
from this study may also enable the development of a primary
individualised prevention strategy for young people with these
genetic variations. When subjects have these high-risk variants,
advising them not to start smoking or, especially, not to drink
alcohol will dramatically reduce their risk of developing OSCC.
We observed that drinkers who consumed alcohol daily and
heavy smokers had higher ORs than their counterparts, and the
ORs decreased with an increased amount of time since quitting
these habits. However, all ORs among ever-drinkers/smokers
were significantly higher than 1.0 (supplementary table 2). At
present, we cannot unequivocally determine the preventive
effect of quitting smoking or drinking alcohol. To determine
whether stopping these habits reduces the risk of OSCC,
prospective studies are needed.

Several limitations of this study should be mentioned. First, the
statistical power of this genome-wide association study was not
sufficient for allelic variants with an OR of <1.5 (supplementary
table 1). Therefore, we might have missed variants with a small
effect size (eg, 1.1—1.3), which are often reported for other life-
style-related diseases. Second, we did not match the cases and
controls; thus, the basic distributions of sex, place of residence
and age were different between the two groups (table 1).
However, although matching is efficient in data collection, it does
not affect the point estimation if the factor is included in the
model. Thus, the absence of matching did not distort the results.
Third, personalised genetic testing is prohibitively expensive and
ethically problematic. Finally, because of the retrospective study
design, several answers in the questionnaire could be altered by
disease or pre-disease conditions. Thus, the high OR among
former drinkers and smokers who had quit less than 1 year
previously may incorrectly imply a causal relationship between
these habits and OSCC risk. Therefore, the effect of quitting
these habits on OSCC risk should be examined by prospective
studies.

Hashibe et al identified the variation of ADH1B (rs1229984) as
a risk factor for OSCC.'® They conducted their analysis on
European and Latin American populations, and the result was
consistent with the results of our study of Japanese patients and
controls. A study of Chinese people also demonstrated that
ADH1B (rs1229984) is arisk factor for OSCC."! Recently, Cui et al
reported that variations of ADH1B (1s1229984) and ALDH2
(rs671) coupled with alcohol drinking and smoking synergistically
enhance oesophageal cancer risk.'? Their study indicates that
these two genetic risk variants provide almost equal risk for the
generation of OSCC. In our study, among individuals without
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a genetic risk; alcohol consumption did not increase the OR of
OSCC significantly. For people without genetic risk, smoking
habits were the major contributing factor for the generation of
OSCC. However, in people with genetic risk, a drinking habit
strikingly increased the risk of OSCC; combined with smoking, it
increased the risk even further (table 3).

Smoking- and alcohol drinking-related genes such as the ADH
family, the ALDH family and nicotinic acetylcholine receptors,
especially as indicated in SNP analyses, have been significantly
associated with a variety of cancers'® 7' We performed an
association analysis between OSCC and SNPs in the nicotinic
acetylcholine receptor subunit genes CHRNA3 and CHRNAS at
15g25 using the same cases and controls. An association with
lung cancer was reported by Hung et al'* and Thorgeirsson et al'®
However, in this study, we did not find a significant association at
either rs1051730 (CHRNA3) or rs16969968 (CHRNAS), with ORs
of 0.91 and 0.89, respectively (supplementary table 3). Smoking
habits contributed to the development of OSCC; however, SNPs
other than rs1051730 (CHRNA3) or 516969968 (CHRNAS5) might
affect OSCC generation. Because the risk allele frequency of both
of these SNPs was <0.02 in cases and controls in this study
population, it would be difficult to show any difference between
cases and controls. Variants of ECRG1 have been reported to be
associated with OSCC.'® However, it is still unclear whether the
genetic or epigenetic changes caused by smoking and/or alcohol
drinking are directly associated with the development of OSCC in
cooperation with SNPs of genes such as those of the ADH family,
the ALDH family and nicotinic acetylcholine receptors® ' ADH1B
in subjects with the rs1229984 AA or GA genotype is reported to
metabolise ethanol up to 40 times more quickly than ADH1B
from GG homozygotes.!® Furthermore, ALDH2 from subjects
with the GG allele of rs671 is reported to metabolise acetaldehyde
more than 100 times faster than from AG ALDH2 heterozy-
gotes.' In addition, ADH genes exhibit a nominally significant
association with smoking behaviour.® Considering our results
and these reports, higher local exposure to ethanol and acetalde-
hyde mediated by smoking may be strongly associated with
OSCC development. To answer these questions, it is necessary to
conduct a prospective study in genetically at-risk populations
with or without drinking and/or smoking habits, as recently
performed for type 2 diabetes.?! 22

In summary, this study disclosed a significant genetic-envi-
ronmental interaction, with very large ORs, associated with the
development of OSCC. Thus, convincing young people to
smoke and drink less is likely to reduce the incidence of OSCC.
SNP genotyping demonstrated that the ADH1B and/or ALDH2
risk alleles had an interaction with smoking and, especially,
alcohol consumption. Analysis of ADH/B and ALDH2 variants
would be valuable for secondary prevention of OSCC in high-
risk patients who smoke and drink alcohol. Our findings, if
replicated in other groups, could demonstrate new pathophysi-
ological pathways for the development of OSCC.
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Pizza, beer, amylase, lipase and the
acute abdomen

CLINICAL PRESENTATION
A previously healthy 16-year-old male student was admitted
with acute abdominal pain after eating two large pizzas and

Figure 1 Contrast-enhanced CT scan of the abdomen.

1464

drinking five pints (approximately 2.81) of beer (alcohol
content 4.5%). Initial assessment revealed epigastric tenderness
with elevated serum amylase (380 [U/l, normal 30-110 IU/l).
and lipase (4398 IU/l, normal 23-300IU/l) concentrations.
There was no free gas on the chest radiograph. The patient
developed increasing abdominal pain, tenderness, tachycardia
and a lactic acidosis (pH 7.20, lactate 2.91 mmol/l) within 6 h.
Contrast-enhanced abdominal CT (figure 1) was done 8 h after
admission.

QUESTION
What are the findings on CT?
See page 1560 for answer

James A Catton, Dileep N Lobo

Division of Gastrointestinal Surgery, Nottingham Digestive Diseases Centre NIHR
Biomedical Research Unit, Nottingham University Hospitals, Queen’s Medical Centre,
Nottingham, UK

Correspondence to Mr D.N. Lobo, Division of Gastrointestinal Surgery, E Floor,
West Block, Nottingham University Hospitals, Queen’s Medical Centre, Nottingham
NG7 2UH, UK; dileep.lobo@nottingham.ac.uk

Competing interests None.
Patient consent Obtained from parent.

Provenance and peer review Not commissioned; not externally peer reviewed.

Gut 2010;59:1464. doi:10.1136/gut.2009.184010

Gut November 2010 Vol 59 No 11



Imaging study of pancreatic ductal adenocarcinomas
in Syrian hamsters using X-ray micro-computed

tomography (CT)

Tsukasa Kitahashi," Michihiro Mutoh,? Masakatsu Tsurusaki,? Gen linuma,® Masahiro Suzuki,* Noriyuki Moriyama,*
Mitsuyoshi Yoshimoto,? Keiji Wakabayashi,2 Takashi Sugimura? and Toshio Imai's

'Central Animal Laboratory, 2Cancer Prevention Basic Research Project, National Cancer Center Research Institute, Tokyo; 3Diagnostic Radiology Division,
National Cancer Center Hospital, Tokyo; “Research Center for Cancer Prevention and Screening, National Cancer Center, Tokyo, Japan

(Received January 13, 2010/Revised March 19, 2010/Accepted March 29, 2010/Accepted manuscript online April 7, 2010/Article first published online April

30, 2010)

X-ray computed tomography (CT) has been used for diagnoses of
human pancreatic cancer. Although micro-CT is a useful approach
to evaluate macromorphology of organs/tissue also in animal mod-
els, reports on pancreatic tumors are limited. In this study, the util-
ity of micro-CT was assessed in characterizing chemically induced
pancreatic tumors in Syrian hamsters. Hamsters treated with or
without N-nitrosobis(2-oxopropyl)amine (BOP) were injected with
the antispasmodic agent, scopolamine butylbromide, and contrast
agents, 5 or 10 mL/kg body weight of iopamidol or Fenestra VC at
18-38 weeks, then examined by micro-CT scanning with a respira-
tory gating system. Both peristaltic and respiratory movements
were substantially suppressed by the combination of scopolamine
butylbromide treatment and the respiratory gating system, result-
ing in improvements of image qualities. lopamidol clearly visual-
ized the pancreatic parenchyma and contrasted the margins among
the pancreas and other abdominal organs/tissue. Meanwhile
Fenestra VC predominantly contrasted abdominal vascular systems,
but the margins among pancreas and other organs/tissue
remained obscure. Six pancreatic tumors+of 4-13 mm in diameter
were detected in four of 15 animals, but not the five tumors of 1-
4 mm in diameter. The inner tumor images were heterogeneously
or uniformly visualized by iopamidol and Fenestra VC. Overall,
iopamidol could clearly contrast between pancreatic parenchyma
and the tumors as compared with Fenestra VC. All tumors con-
firmed were histopathologically diagnosed as pancreatic ductal
adenocarcinomas. Thus, micro-CT could be useful to evaluate the
carcinogenic processes and preventive methods of pancreatic can-
cer in hamsters and to assess the novel contrast agents for detec-
tion of small pancreatic cancer in humans. (Cancer Sci 2010; 101:
1761-1766) '

P ancreatic cancer is the fifth cause of cancer death in Japan
and ranks high in mortality among developed countries.'"?
Because of the difficulty in detecting pancreatic cancer in early
operable stages, and because of the lack of any curative treat-
ment approaches other than complete surgical removal, 5-year
relative survival rate is <6%. Therefore, for improvement of
outcome, future strategies for early diagnosis of pancreatic can-
cer should aim at diagnosing most pancreatic cancers before
they grow 20 mm in size.>®

X-ray computed tomography (CT) has been widely used in
detection and evaluation of pancreatic tumor progression and
metastasis during clinical treatment. Recently, the CT devices
have been markedly improved in their volume coverage speed,
longitudinal resolution, and quality of three-dimensional refor-
mations. In addition, dynamic CT scanning has been developed,
in which CT-images of pancreas can be obtained for a short time
with breath holding. This method reveals some adequate con-
trasts between pancreatic parenchyma and neoplastic lesions.’

doi: 10.1111/j.1349-7006.2010.01588.x
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However, detectability of small pancreatic cancer, especially
those <10 mm in size, has not yet been satisfactory. ' Further
amelioration of contrasting technologies that differentiate
between tumors and pancreatic parenchyma is desirable to
detect small pancreatic cancer.

Micro-CT is a useful tool for monitoring tumor development
in living animal models, for example utility has been rePorted for
detection of metastatic foci of xenograft rodent models™*'? and
periodic measurement of sizes in lung tumors and their growth
overtime in a chemically induced carcinogenesis model."> In
addition, respiratory gating systems ap reciably resolve the tho-
racic movements in lung imaging.'"'> However, the utility of
micro-CT has been limited to several organs/tissue harboring
distant X-ray adsorption ranges from surrounding tissue. The
X-ray adsorption range is too close among abdominal organs/
tissue to observe fine structures, and not only respiratory but also
intestinal peristaltic movement interferes with CT imaging.
Because of these limitations, pancreatic morphology and tumor
imaging have not yet been reported in experimental animals.

In the present study, hamster pancreas and chemically induced
pancreatic tumors were macromorphologically investigated by
micro-CT with two characteristic contrast agents, iopamidol,
which is a nonionic water-soluble iodine contrast agent typically
used for clinical evaluations, and Fenestra VC, which is a polyio-
dinated lipid emulsion with blood pool properties developed for
small animals."® The results obtained in the present study should
provide basic information for CT-imaging of the pancreas and
pancreatic tumor macromorphology and location in hamsters.

Materials and Methods

Animals. A total of 19 female Syrian golden hamsters at
5 weeks of age were purchased from Japan SLC (Shizuoka,
Japan). They were housed two or three to a plastic cage with
woodchip bedding in an air-conditioned animal room main-
tained at 24 +2°C and 60 + 5% relative humidity with a
12:12-h light-dark cycle. Basal diet (CE-2; CLEA Japan,
Tokyo, Japan) and water were available ad libitum throughout
the experiment.

Anatomical features of hamster pancreas. For anatomical ref-
erences of the pancreatic location and morphology, hamsters
were dissected and pancreata were excised from abdominal cav-
ity. A representative macroscopic feature of hamster pancreas is
shown in Figure 1. In hamsters, the pancreas is a soft and flat
organ and consists of four compartmentalized sections of the
head portion and gastric, splenic, and duodenal lobes. There
were no clear borderlines among the four sections, and three
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Fig. 1. Anatomical features of hamster pancreas and abdomen. (a) Pancreas excised from a hamster abdomen. (b) A hamster intra-abdomen
at laparotomy and (c) behind the stomach. Red dotted circles indicate a part of gastric or splenic lobes adhered to colon. Co, colon;

Du, duodenum; FR, fat ring; L, liver; Pd, pancreas duodenal lobe; Pg, pancreas gastric lobe; Ph, pancreas head; Ps,

Sg, glandular stomach; Sp, spleen.

lobes including gastric, splenic, and duodenal are extended from
the head (Fig. 1a). The duodenal lobe is smaller than the other
two lobes, and the length of this lobe is about 10 mm in an
animal with 180-200 g bodyweight (BW). Gastric and splenic
lobes are 20-25 mm long. The tails of both gastric and splenic
lobes are bridged by adipose tissue, which is called ‘‘fat ring.”’
Figure 1(b) shows the location of the pancreas in hamsters at
laparotomy. The gastric and splenic lobes of pancreas are beside
the gastric wall at the ventral and dorsal sides, respectively,
(Fig. 1b,c) partially adhering to the colon (Fig. lc, red dotted
circles). The spleen is adjacent to the splenic lobe (Fig. la,c).
The head and duodenal lobe were observed under the duodenum
(Fig. 1b).

Pancreatic tumor induction. After an acclimation period of
1 week, 15 hamsters were subcutaneously injected with N-ni-
trosobis(2-oxopropyl)amine (BOP; Nacalai Tesque, Kyoto,
Japan) in saline at 10 mg/kg BW four times every other day.
The other four hamsters without BOP were underwent the fol-
lowing treatments for micro-CT imaging of normal pancreatic
morphology. The experiments were conducted according to the
Guidelines for Animal Experiments from the Committee for Eth-
ics of Animal Experimentation at the National Cancer Center.

Micro-CT scan procedure. After fasting for 24 h, all hamsters
with or without BOP treatment at ages from 18 to 38 weeks
were anesthetized with Isoflurane (ISOFLU; Dainippon Sumito-
mo Pharmaceutical, Osaka, Japan) and the anesthesia was main-
tained with a mixture of Isoflurane and room air delivered
during the micro-CT scanning.

Each hamster was placed on its back on an animal bed for
micro-CT scanning. 5 mL/kg BW of iopamidol (Iopamiron
370; N,N’-bis[2-hydroxy-1-(hydroxymethyl)ethyl]-5-[(2S)-2-hy-
droxypropanoylamino]-2,4,6-triiodoisophthalamide; Bayer Sher-
ing Pharma, Osaka, Japan) (Fig. 2a), which is a nonionic iodine
contrast agent for urinary tract and vascular imaging, or
10 mI/kg BW of Fenestra VC (1,3-bis-[7-(3-amino-2,4,6-
triiodophenyl)heptanoyl]-2-oleoyl-glycerol; ART  Advanced
Research Technologies, Saint-Laurent, QC, Canada) (Fig. 2b),
which is an iodinated lipids contrast agent with blood pool prop-
erties for animal imaging, were injected into cervical vein. The
dose of each contrast agent was determined on the basis of the
manufacturer’s recommendation with modifications to obtain
optimal contrasts among organs/tissue for hamster abdominal
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imaging. The dose of iopamidol is about three times higher than
that in human cases. An intraperitoneal injection of 5 mg/kg
BW of scopolamine butylbromide (Buscopan; (1S,2S,4R,5R,7s)-
9-butyl-7-[(2S)-3-hydroxy-2-phenylpropanoyloxy]-9-methyl-3-
oxa-9-azoniatricyclo[3.3.1.0>*Inonane bromide; Boehringer
Ingelheim, Ingelheim, Germany), which is an antispasmodic
agent diluted with saline, was then given to suppress intestinal
peristaltic movement, and a sensor for detecting respiration was
placed on the chin to avoid the shift of organ positions. In order
to observe the precise morphology of each hamster pancreas,
following the first micro-CT scanning for each animal, hamsters
were injected with either of the contrast agents again after a
washout period of the contrast agents for 24 h, and immediately
sacrificed by cervical dislocation, and again, examined by
micro-CT at 30 min after sacrifice.

The X-ray scanning time point was set at 1200 millisecond
(ms) after expiration. For scanning, a cone-beam micro-CT
scanner (eXplore Locus; GE Healthcare, London, UK) was used.
The scan parameters that are consistent for gated in vivo scan
acquisitions include 80 kV peak, 450 pA, 400 ms per frame, 0.5
degrees at the angle of increment, and 720 views. The measured
in-air radiation at the isocenter was 240 mGy. Scanning times
with and without the respiratory gating system were about 40
and 15 min, respectively. Three-dimensional images obtained
from axial, sagittal, and coronal micro-CT images were recon-
structed at 45 pm voxel using MicroView (GE Healthcare).

Histopathological examination. After X-ray scanning, the
hamsters were autopsied. Pancreas was removed and fixed in
10% buffered formalin, and then they were embedded in paraf-
fin, sectioned, and stained with hematoxylin-eosin (H&E) for
histopathological evaluation. Pancreatic lesions were diagnosed
according to the criteria described earlier.

Results

Micro-CT imaging of hamster pancreas with iopamidol. A
hamster abdomen was scanned by micro-CT without contrast
agents. As a result, only a few major organs such as the liver,
stomach, and kidneys were observed. However, pancreas and
other abdominal organs/tissue were not detected by micro-CT
images (data not shown). Therefore, the contrast agent, iopam-
idol, was administered to a hamster in order to visualize pancre-
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ro Fig. 2. Chemical structures of iopamidol (N,N"-bis[2-
hydroxy-1-(hydroxymethyl)ethyl]-5-[(25)-2-hydroxy-
propanoylamino]-2,4,6-triiodoisophthalamide) (a)

and Fenestra VC (1,3-bis-[7-(3-amino-2,4,6-triiodo-
phenyl)heptanoyl]-2-oleoyl-glycerol) (b).
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Fig. 3. The micro-computed tomography (CT) images
of hamster abdomen with iopamidol. A hamster
administrated with scopolamine butylbromide and
iopamidol was examined by micro-CT with respiratory
gating system. Each image represents axial (a—c),
colonal (d-f), and sagittal (g-i) views around the
pancreas. An arrow indicates iopamidol excretion into
the urinary tract (f). Co, colon; Du, duodenum; Kl, left
kidney; Kr, right kidney; L, liver; Pd, pancreas
duodenal lobe; Pg, pancreas gastric lobe; Ph, pancreas
head; Ps, pancreas splenic lobe; Pyl, Pylorus of
stomach; Sg, glandular stomach; Sp, spleen.

atic images before micro-CT scanning. The liver, stomach, kid-
neys, spleen, colon, and duodenum were clearly visualized
(Fig. 3). Some undigested food and/or wood chip residues were
left in the stomach, despite fasting for 24 h. Gastric and splenic
lobes of pancreas were also observed (Fig. 3b—i) by iopamidol
treatment. Both gastric and splenic lobes of pancreas were
located on the ventral and dorsal side, respectively, of gastric
wall (Fig. 3b,c) and spleen was adjacent to the splenic lobe
(Fig. 3c). The head and duodenal lobe of pancreas were located
under the duodenum (Fig. 3e) and colon was adjacent to the
duodenal, gastric, and splenic lobes (Fig. 3e,f,h,i). Each sagittal
view in Figure 3 also visualized gastric and splenic lobes on the
ventral and dorsal sides of stomach (Fig. 3g—i). To summarize
the configuration of pancreatic sections on micro-CT images,
the head beside the pylorus was medial, and the gastric and sple-
nic lobes lay directly anterior and posterior to the antrum of
stomach, respectively, and the duodenal lobe of the pancreas
was inferior to the duodenum. In Figure 3(c,f), artifacts appear
as radial white lines in the renal medulla and cortex, and
renal papilla and ureter were intensely contrasted by iopamidol
concentration.

Fig. 4. The micro-computed tomography (CT)
images of hamster abdomen with iopamidol after
sacrifice. A hamster administrated with iopamidol
was immediately sacrificed and was examined by
micro-CT. Each image represents axial (a—), colonal
(d-f), and sagittal (g-i) views around pancreas.
Arrowheads indicate the blood vessel in the
pancreatic parenchyma (d). Co, colon; Du, duodenum;
Es, esophagus; K, left kidney; Kr, right kidney; L, liver;
Pg, pancreas gastric lobe; Ph, pancreas head; Ps,
pancreas splenic lobe; Pyl, pylorus of stomach; Sg,
glandular stomach.

Kitahashi et al.

Micro-CT scanning required at least several minutes. In addi-
tion to both respiratory and peristaltic movements, excretion of
contrast agents during micro-CT scanning is thought to cause
the contrast degradations in each organs/tissue. In order to
detect the precise location and structure of pancreas by micro-
CT, hamsters were treated with iopamidol again and immedi-
ately sacrificed to stop both respiratory and peristaltic movement
and excretion of iopamidol, and then hamsters were examined
by micro-CT scanning. Distinct contrasts in parenchyma among
organs/tissue and the sharp edge of the liver, stomach, kidneys,
esophagus, duodenum, and all pancreatic sections were clearly
visualized in a sacrificed animal (Fig. 4) and compared with the
images of a living animal shown in Figure 3. As well as the ana-
tomical information in Figure 1, the head and duodenal lobe of
the pancreas were located under the pylorus and duodenum,
respectively, (Fig. 4e) and the gastric and splenic lobes were
located beside the gastric wall (Fig. 4b—d,f-i) and they were also
adjacent to the colon (Fig. 4e,f). In addition to main abdominal
vascular systems of the inferior vena cava (IVC) and aorta (Ao),
part of the blood vessels in the pancreatic parenchyma was also
visualized (Fig. 4d, arrowheads). Radial artifacts in the renal
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medulla and cortex and iopamidol concentration into renal
papilla and ureter were not observed.

Micro-CT imaging of hamster  pancreas with Fenestra
vC. Figure 5 shows the Fenestra VC-visualized micro-CT
images in hamster abdomen. Administration of Fenestra VC
clearly contrasted abdominal vascular systems, such as portal
vein (PV), IVC, and Ao (Fig. 5a—c,f,g). The gastric and splenic
lobes of the pancreas were visnalized on the same positions as
those visualized by iopamidol in Figure 3. However, the border
and the parenchyma of the organs/tissue were not clearly differ-
entiated in comparison to the images made visible with iopam-
idol. Figure 6 shows a sacrificed hamster abdominal image
contrasted with Fenestra VC. The edges of each abdominal
organ, such as the liver, stomach, kidneys, and blood vessels,
were improved to some extent as compared with the images in a
living animal (Fig. 6). The contrasts among organs/tissue paren-
chyma did not seem to change. Fenestra VC was likely retained
in blood vessels during micro-CT imaging for 40 min.

Micro-CT imaging of hamster pancreatic tumors. A total of 15
BOP-treated hamsters were examined by micro-CT. Groups of
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Fig. 5. The micro-computed tomography (CT) images
of hamster abdomen with Fenestra VC. A hamster
administrated with Buscopan and Fenestra VC was
examined by micro-CT with the respiratory gating
system. Images depict axial (a—c), colonal (d-f), and
sagittal (g-i) views around pancreas. Ao, aorta;
Co, colon; IVC, inferior vena cava; Kl, left kidney;
Kr, right kidney; L, liver; Pg, pancreas gastric lobe;
Ps, pancreas splenic lobe; PV, portal vein; Sg,
glandular stomach; Sp, spleen.

Fig. 6. The micro-computed tomography (CT) images
of hamster abdomen with Fenestra VC after sacrifice.
A hamster administrated with Fenestra VC was
immediately sacrificed and was examined by micro-
CT. Images depict axial (a—), colonal (d-f), and
sagittal (g-i) views around pancreas. Ao, aorta; Co,
colon; IVC, inferior vena cava; K, left kidney; Kr, right
kidney; L, liver; Pg, pancreas gastric lobe; Ps, pancreas
splenic lobe; PV, portal vein; Sg, glandular stomach;
Sp, spleen.

eight and seven hamsters were administered with iopamidol and
Fenestra VC, respectively. A total of six pancreatic tumors of
4-13 mm in diameter were visualized with iopamidol or Fenestra
VC in four of 15 animals from 18 to 38 weeks old. Micro-CT
scanning with iopamidol visualized four tumors of 4, 6, 7, and
10 mm in diameter in two animals. The tumors of 4 and 6 mm
in diameter numbered 1 and 2 (#1 and #2) developed in one
animal shown in Figure 7(a,b). A poorly defined hetero-
geneously visualized mass-like image of 4 mm in diameter,
which was confirmed to be a tumor #1 in an autopsy finding
(dotted black circle of Fig. 7a), was observed in the body of
the gastric lobe (Fig. 7¢). Tumor #2 showed a hypoattenuating
mass image of 6 mm in diameter with a clear margin com-
pared with surrounding pancreatic parenchyma in the pancre-
atic body of the splenic lobe (Fig. 7b,e). The other tumors of 7
and 10 mm in diameter developed in another animal and also
were visible as heterogeneous masses in the gastric and splenic
lobes, respectively (data not shown). All these four tumors
were diagnosed as pancreatic ductal adenocarcinomas. Tumors
#1 and #2 were moderately differentiated tubular adenocarci-
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Fig. 7. Representative images of hamster pancreatic tumors. Micro-computed tomography (CT) images visualized with iopamidol and Fenestra
VC are shown in (a-d) respectively. Tumors in dotted circles in (a—d) are numbered 1-4 (tumors #1-4), respectively. Macroscopic and microscopic
features stained with H&E from tumors #1-4 are shown in (e—-g) and (h-k), respectively. (e-g) Scale bar = 10 mm. (h-k) Scale bar = 500 um. KI,
left kidney; L, liver; Pg, pancreas gastric lobe; Ph, pancreas head; Ps, pancreas splenic lobe; Sg, glandular stomach; Sp, spleen.

nomas (Fig. 7h,i). The other two tumors were moderately dif-
ferentiated tubular adenocarcinoma and poorly differentiated
adenocarcinoma with abundant stromal formation (data not
shown). In addition to the above-mentioned four tumors
detected by micro-CT with iopamidol, two moderately differ-
entiated small adenocarcinomas of 1 and 0.5 mm in diameter
each were histopathologically confirmed in the head of the
pancreas of another animal, while these ones were not detected
by micro-CT imaging with iopamidol.

Micro-CT scanning with Fenestra VC revealed two tumors of
13 and 10 mm in diameter (tumors #3 and #4) in two animals
each (Fig. 7c,d). Both tumors #3 and #4 were observed in the
tails of splenic lobes. Both tumor contrasts were slightly attenu-
ated as compared with pancreatic parenchyma and the images of
inner tumors were uniformly made visible with Fenestra VC. At
autopsy, two tumors were found in similar positions (Fig. 7f,g)
and histopathologically diagnosed as pancreatic ductal adeno-
carcinomas (Fig. 7j,k). Tumor #3 was cystadenocarcinoma
(Fig. 7j) and tumor #4 was poorly differentiated adenocarci-
noma with abundant stromal formation (Fig. 7k). In addition to
these two tumors, three adenocarcinomas of 4, 1, and 1 mm in
diameter were histopathologically confirmed in the gastric lobes
of pancreas in other hamsters, while these ones were not
detected by micro-CT imaging with Fenestra VC. These three
adenocarcinomas were poorly differentiated adenocarcinomas
with stromal formation (data not shown).

In addition to pancreatic ductal carcinogenic changes, moder-
ate fatty infiltrations were also histopathologically observed in
pancreatic parenchyma of all the BOP-treated hamsters. How-
ever, no significant contrast changes in pancreatic parenchyma
were found by micro-CT imaging among hamsters with and
without BOP (Figs 3,5,7a—d).

Discussion

In the present study, pancreatic morphology and chemically
induced pancreatic tumors in Syrian hamsters were shown to be
detectable by micro-CT. The Syrian hamster model with BOP
has been widely applied as an animal model for the study of
human pancreatic ductal carcinogenesis and data showing mor-
phological details of both the early and advanced lesions have
been reported.!>17

Kitahashi et al.

In order to substantially suppress the respiratory and the peri-
staltic movements during CT scanning, the antispasmodic agent,
scopolamine butylbromide, was administered in combination
with the respiratory gating system. The respiratory gating sys-
tem improved and reduced motion artifacts caused by respira-
tory movements on the present scanning parameter. The images
of abdomen without scopolamine butylbromide treatment were
not clearly visible, especially at the edge of organs/tissue, as
compared with the images using scopolamine butylbromide
(data not shown). The 5 mg/kg BW dose of scopolamine butyl-
bromide is about 15 times higher than that in human cases. No
toxicological data of scopolamine butylbromide in hamsters is
available, but lethal dose 50% (LDsp) of scopolamine butylbro-
mide in an intravenous administration study in mice was esti-
mated to 20 mg/kg BW (manufacturer’s in-house data), which
is four times higher than the present dose. Therefore, it is likely
that a single or short-term repeated intraperitoneal administra-
tion of scopolamine butylbromide at the present dose might be
safe for administration. Although causes of the difference in
adequate doses between hamsters and humans are unclear, appli-
cation of both scopolamine butylbromide and the respiratory
gating system is considered to be a useful method for abdominal
imaging in animal models.

In the present study, two different types of abdominal
organs/tissue and the pancreatic tumor images, which reflected
the characteristics of iopamidol and Fenestra VC, were obtained
by micro-CT scanning. In living animals, iopamidol clearly
enhanced the visibility of major abdominal organs/tissue paren-
chyma, and simultaneously the kidneys and urinary tract were
prominently contrasted and the radial white linear artifacts were
seen in the regions. However, the contrasts among organs/tissue
were thought to be attenuated by renal excretion during micro-
CT scanning. In a sacrificed animal, the parenchyma and the
edge of pancreas and other organs/tissue were clearly visible
and Ao and IVC were also visualized as compared with living
animals. The artifacts by iopamidol which appeared in living
animals were not observed in the sacrificed animals. Assess-
ments of such contrast agents, which are excreted rapidly, by
using sacrificed animals may also be useful in addition to using
living animals. On the other hand, Fenestra VC predominantly
increased the visibility of major abdominal vascular systems and
was likely retained during micro-CT scanning for 40 min. Ford
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abdominal organs in mice were retained for 24 h after injection
of Fenestra VC. The present study also supported the benefits of
Fenestra VC to vascular systems imaging when scanning for
longer periods of time.

Most pancreatic tumor imaging with contrast agents such
as nonionic iodine materials including iopamidol typically
appeared as a hypoattenuating mass relative to the pancreatic
parenchyma in humans."”” The same is true with the case of
BOP-treated hamsters. However the contrast between tumors
and parenchyma in hamster pancreas was slightly inferior to that
in humans, despite the higher dose of iopamidol than the manu-
facturer’s recommendations for humans. It is implied that the
difference in effects of nonionic contrast agents on humans and
hamsters is the rapid clearance of iopamidol during image scan-
ning, resulting in attenuation of the contrast of pancreatic paren-
chyma. From the viewpoint of toxicological effects of such
contrast agents, repeated intravenous administrations of iopam-
idol for 5 weeks in rats at a dose of 2 g/kg BW iodine equiva-
lent, which is almost similar to the present dose (1.85 g/kg BW
iodine equivalent), did not show remarkable influences on body
weights, food intakes, and hematological parameters (manufac-
turer’s in-house data). Therefore, it is likely that the present
doses of each agent under the Isoflurane anesthesia with the use
of respiratory gating systems might be safe in single or short-
term repeated administration studies. However, the influence of
repeated treatment with iopamidol on general toxicities and pan-
creatic carcinogenesis in hamsters is still unclear. Further
detailed analyses are be required to elucidate these points. Baron
reported that differences of at least 10-15 CT value (HU;
Hounsfield unit) are required for visual detection of the
tumor.®? In other words, higher contrasts between tumor and
parenchyma images by micro-CT are required for differentiating
histomorphological changes in the tumors as compared with
pancreatic parenchyma. In the present study, all the tumors
observed by micro-CT were histopathologically diagnosed as
pancreatic ductal carcinomas, which are also the frequently
observed pancreatic carcinoma type in humans.
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BOP-induced pancreatic tumors over 4 mm in diameter. How-
ever, carcinoma-localized intralobules were not fully detected
by micro-CT. The reason for this might also be due to insuffi-
cient contrast between the pancreatic tumor and parenchyma.
Recently, Hainfeld e al.?” reported that gold nanoparticles
with higher X-ray absorptive power than iodine-based agents
may be useful as a novel X-ray contrast agent. Further studies
using powerful X-ray absorptive agents may shed light on the
limitations of imaging with smaller sized pancreatic tumors. For
evaluations of novel contrast agents, X-ray micro-CT imaging
systems with BOP-induced pancreatic carcinogenesis models
could be adequate.

In the present study, we focused on the imaging of both pan-
creatic morphology and BOP-induced pancreatic tumors at one
time point using two types of contrast agents. Time-dependent
imaging of pancreatic tumors might also be useful for evalua-
tions of the tumor development and preventives for pancreatic
carcinogenesis. Overall, iopamidol could clearly contrast
between pancreatic parenchyma and the tumors as compared
with Fenestra VC.

In conclusion, our results provided evidence that respiratory-
gated micro-CT scanning of hamsters has potential as a method
for evaluating changes in the growth of pancreatic tumors.
These studies on scanning and pancreatic carcinogenesis model
systems may also be useful for evaluation of newly developing
contrast agents for pancreatic tumors. Development of novel
contrast agents in combination with the improvement of devices
may lead to detection of smaller pancreatic tumors and precan-
cerous lesions.
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Abstract. N-nitrosobis(2-oxopropyl)amine (BOP)-induced
pancreatic ductal carcinomas and early ductal lesions in Syrian
hamsters have been reported to show histopathological resem-
blance to those in humans. Specific protein expression profiles
have been found in human carcinomas, but a detailed molecular
approach regarding the dissection of BOP-induced pancreatic
carcinogenesis has yet to be determined. The present immu-
nohistochemical study of early and advanced hamster lesions
focused on five proteins reported to be overexpressed in human
patients, to clarify interspecies phenotype similarity. Integrin
iy, was found to be overexpressed in the epithelial cells of 13
of 14 atypical hyperplasias and 6 of 6 adenocarcinomas. This
overexpression was more frequent than in the remaining four
proteins. However, immunoreactivity for a-enolase in epithe-
lial cells and for kallikrein 7 and galectin-1/3 in both epithelial
and stromal cells was also evident at various frequencies. Thus,
similarities of tumor-associated protein expression between
human and hamster pancreatic ductal lesions were confirmed,
and integrin a3, was identified as a potentially useful immuno-
histochemical marker for early lesions in hamsters.

Introduction

Pancreatic cancer is among the 10 most frequently occurring
type of cancer. In Japan, pancreatic cancer is ranked fifth as a
cause of cancer-related mortality. The mortality rate associated
with this type of cancer also ranks high in other developed
countries (1,2). The detection of pancreatic cancer at early
operable stages is difficult, combined with the lack of curative
treatment approaches other than complete surgical removal;
thus, S-year relative survival rates are less than 6% (3.4).
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Therefore, it is crucial to develop new diagnostic and preven-
tive methods to complement any improvements in therapeutic
methods for the reduction of mortality and morbidity, and to
explore specific proteins overexpressed in early lesions during
pancreatic carcinogenesis.

Specific protein expression profiles revealed by immuno-
histochemical and proteomic analyses are currently employed
in the application of individualized therapy of advanced
human pancreatic carcinomas (5-8). Consequently, a number
of candidates of prognostic and/or predictive markers have
been established (9,10). Examples expressed in early lesions
show potential for the development of novel diagnostic and
preventive strategies.

Chemically induced and transgenic animal models for
pancreatic ductal carcinogenesis have been the target of inves-
tigation of the impact of environmental factors and the role of
specific gene alterations in multistage carcinogenesis (11-15).
Among the models established thus far, the N-nitrosobis(2-
oxopropyl)amine (BOP)-induced hamster model is the first and
most widely utilized based on similarities to human diseases
in the morphological characteristics of, not only advanced
cancers, but also early ductal lesions, as well as pivotal genetic
alterations, including K-ras and p16 (13,16-18). In particular, it
is anticipated that molecular profiles are equivalent in the early
stages. Although changes in the protein expression have been
reported (5-8) in pancreatic carcinomas in humans, molecular
details of BOP-induced pancreatic early lesions in hamsters
have yet to be investigated. In the present study, an immunohis-
tochemical analysis was conducted on pancreatic carcinomas
and early lesions induced in BOP-treated hamsters, focusing
on proteins already reported to be altered in human cases. Asa
result, integrin af; was found to be more frequently expressed
in both pancreatic carcinomas and its precursors than the four
remaining proteins investigated. The results obtained showed
multiple similarities in tumor-associated protein expression
between human and hamster pancreatic ductal lesions.

Materials and methods

Animals. A total of 12 female Syrian golden hamsters-at
5 weeks of age were purchased from Japan SLC (Shizuoka,
Japan). The animals were housed 3 to a plastic cage with soft
woodchip bedding (Japan SLC) in an air-conditioned animal
room maintained at 22+2°C and 60+5% relative humidity, with
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Table I. Antibodies and antigen retrieval methods for immunochemistry.

Protein Antibodies

Antigen retrieval

Integrin oy f; Anti-human integrin o f3; monoclonal

(Clone LM609; Chemicon International, Temecula, CA, USA)

Kallikrein 7 Anti-kallikrein 7 goat polyclonal
(R&D Systems, Minneapolis, MN, USA)
Galectin 1 Anti-galectin-1 rabbit polyclonal
(Protein Tech Group, Chicago, IL, USA)
Galectin 3 Anti-galectin-3 rabbit polyclonal
(Santa Cruz Biotechnology, Santa Cruz, CA, USA)
o-Enolase Anti-a-enolase rabbit polyclonal

(Aviva Systems Biology LLC., San Diego, CA, USA)

Autoclaved for 10 min at 121°C
in 10 mM Tris-HCI buffer,
including 1 mM EDTA (pH 9.0)

Autoclaved for 10 min at 121°C
in 10 mM citrate buffer (pH 6.0)

Autoclaved for 15 min at 121°C
in 10 mM citrate buffer (pH 6.0)

Autoclaved for 10 min at 121°C
in 10 mM citrate buffer (pH 6.0)

Autoclaved for 10 min at 121°C
in distilled water

a 12:12 h light:dark cycle. A basal diet (CE-2; CLEA Japan,
Tokyo, Japan) and water were available ad libitum throughout
the experiment.

Treatment for pancreatic tumor induction. Following an accli-
matization period of 1 week, 9 hamsters were subcutaneously
injected with BOP (Nacalai Tesque, Kyoto, Japan) in saline at
10 mg/kg body weight every other day for a total of four times.
Additionally, 3 hamsters treated with saline were maintained
as control animals. The experimental protocols were approved
by the Committee for Ethics of Animal Experimentation of
the National Cancer Center and were carried out according to
the Guidelines for Animal Experiments.

Histopathological examination. At 23 weeks of age, all
12 hamsters were sacrificed and each pancreas was removed,
fixed in 10% buffered formalin, processed for embedding in
paraffin, sectioned and stained with hematoxylin and eosin
for histopathological evaluation. Pancreatic ductal prolifera-
tive lesions were classified as atypical hyperplasias (AHs) and
adenocarcinomas {ACs) according to the criteria previously
described (19). Briefly, AH consisted of ductules with increased
cell proliferation but minimal nuclear atypia and no loss of
polarity. The typical AC had a distinct tubular, cribriform or
anaplastic pattern with severely atypical columnar or cuboidal
epithelia.

Immunohistochemical staining. A total of five target proteins,
known to be specifically expressed in pancreatic carcinoma
tissues or cell lines established from pancreatic carcinomas,
were selected, as previously reported (5-8). Antibodies
and antigen retrieval methods used in this study are listed
in Table 1. The role played by each was: integrin oyf;, a
transmembrane glycoprotein, is involved in cell-to-cell and
cell-to-matrix interactions and thus may contribute to cancer
progression, invasiveness and metastasis (5); kallikrein 7, a
member of the serine protease family, enhances pancreatic
cancer cell invasion by shedding E-cadherin (6); galectin-1,
a soluble P-galactoside-binding animal lectin, modulates cell
adherence and plays a role in tumor progression (7); galectin-3,
another soluble B-galactoside-binding animal lectin, modu-
lates cell adherence (8); and a-enolase, a glycolytic enzyme,

is involved in the conversion of 2-phosphoglycerate phos-
phoenolpyruvate (7,20). The streptavidin-biotin-peroxidase
complex method (StreptABComplex/HRP; DakoCytomation,

*Glostrup, Denmark) was employed to determine the expression

and localization of each protein, and the sections were lightly
counterstained with hematoxylin for microscopic examination.
Negative controls without primary antibody reactions were set
for each protein using serial sections. The staining intensity of
each protein was analyzed with reference to the positivity rate
in all epithelial and stromal cells in AHs and ACs and repre-
sented as <10%, negative (-); 10-70%, moderately positive (+);
and >70%, strongly positive (++).

Results

Pancreatic ductal lesions induced by BOP. A total of 14 AHs
and 6 ACs were induced in the 9 hamsters treated with BOP,
whereas no lesions were found in the 3 animals without carcin-
ogen exposure. The incidences and multiplicities (mean + SD)
of AHs and ACs were 89%, 1.6£1.1 and 44%, 07+009,
respectively. Only 1 case of AC showed poorly differentiated
characteristics, while the remaining cases were moderately
differentiated tubular ACs. All cases harbored abundant stroma
(data not shown).

Immunohistochemical findings for the five proteins analyzed
Normal pancreas (Fig. 1). Pancreatic ductal and ductular
cells as well as islet cells showed weak immunohistochemical
staining for o-enolase in hamsters without BOP treatment. The
reactions in ductal and islet cells were cytoplasmic and essen-
tially homogeneous. Integrin oyf,, kallikrein 7 and galectin
1/3 were almost negative in the normal pancreatic tissues.
Atypical hyperplasias (Fig. 2). Integrin o35 and ¢-enolase
were expressed predominantly in the epithelial components of
AHs, whereas kallikrein 7 and galectin 1/3 were expressed
in both the epithelial and adjacent stromal elements. The
morphological characteristics of the numerous stromal cells
positive for kallikrein 7 and/or galectin 1/3 characterized
these cells as fibroblasts. Regarding subcellular staining,
integrin ayP; was mostly localized in the cell cytoplasm,
while appearing to aggregate with a granular pattern towards
the apex from the nuclei in the epithelial cells. Concerning
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Figure 1. Normal hamster pancreatic tissue, including ductules (center panels), an islet (left panels) and acini (right panels). (A) H&E and immunohistochem-
istry for (B) integrin ayfs, (C) kallikrein 7, (D) galectin 1, (E) galectin 3 and (F) a-enolase. The proteins were essentially negative, except for weak cytoplasmic
positivity for (F) a-enolase in the islet and ductular cells (arrow). Original magnification, x200.

Figure 2. Atypical hyperplasia in a BOP-treated hamster. (A) H&E and immunohistochemistry for (B) integrin oyfs, (C) kallikrein 7, (D) galectin 1,
(E) galectin 3 and (F) a-enolase. (B) Integrin ayf; localization, particularly in the cytoplasm, with a granular pattern in the epithelial cells. In this case,
(E) galectin 3 appears negative. (C, D and F) Other proteins are almost uniformly positive in the epithelial cytoplasm and/or are localized on the apical
surface (arrows). Original magnification, x200.

Figure 3. Adenocarcinoma in a BOP-treated hamster. (A) H&E and immunohistochemistry for (B) integrin a5, (C) kallikrein 7, (D) galectin 1, (E) galectin 3
and (F) a-enolase. (B, D and F) Integrin a,f;, galectin 1 and a-enolase are mainly positive in the epithelial tumor cells, and (C and E) kallikrein 7 and
galectin 3 are mainly reactive in the stromal cells. Original magnification, x200.
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Table II. Incidences and intensities of immunostaining in positive AHs and ACs.

Protein Lesion Location Incidence (%)
Intensity (+) Intensity (++)
Integrin o, B AH (n=14) Epithelium 8 (57) 5(36)
Stroma 0 0
AC (n=6) Epithelium 4 (67) 2 (33)
Stroma 0 0
Kallikrein 7 AH (n=14) Epithelium 6 (43) 0
Stroma 4 (28) 4(28)
AC (n=6) Epithelium 4 (66) 0
Stroma 0 6 (100)
Galectin 1 AH (n=14) Epithelium 0 321
Stroma 1(7) 0
AC (n=6) Epithelium 4(67) 0
Stroma 1(17) 0
Galectin 3 AH (n=14) Epithelium 2(14) 1(7)
Stroma 1(7) 1(7)
AC (n=6) Epithelium 0 0
Stroma 2(33) 0
a-Enolase AH (n=14) Epithelium 11(79) 0
Stroma 0 0
AC (n=6) Epithelium 6 (100) 0
Stroma 0 0

AH, atypical hyperplasia; AC, adenocarcinoma; +, moderately positive; ++, strongly positive.

kallikrein 7, galectin 1/3 and a-enolase, positivity was found
almost uniformly in the cell cytoplasm and/or was localized
on the apical surfaces.

Adenocarcinomas (Fig. 3). Similar to the AHs, integrin
ayP; and a-enolase proved to be positive in the epithelia, while
kallikrein 7 and galectin 1 were observed in the epithelial and
stromal cells. Galectin 3 was stained only in the stromal cells.
Subcellular staining patterns were similar to those in AHs.

Immunostaining incidences and intensities for the five proteins.
Staining incidences and intensities for each protein were evalu-
ated based on the positivity rates for cells (Table II). A total of
13 of14 AHs (93%) and 6 of 6 ACs (100%) were positive for
integrin af3,. Consequently, the incidence of integrin a3, was
higher compared to the remaining four proteins, and in 5 of the
AHs (36%) and 2 of the ACs (33%), the grading was strongly
positive (++). Staining was found to be negative in the stroma.
By contrast, kallikrein 7 was predominantly expressed in the
stroma of 8 of 14 AHs (57%) and 6 of 6 ACs (100%), and the
epithelial cells of 6 of 14 AHs (43%) were also stained. In 4 AHs
(28%) and 6 ACs (100%), stromal cells were graded as strongly
positive (++). Galectin 1 was predominantly expressed in the
epithelium of 3 of 14 AHs (21%) and 4 of 6 ACs (67%), and all
the AHs were graded as strongly positive (++). Galectin 3 was
also expressed in both the epithelium and stroma of AHs (3/14,
21% and 2/14, 14%, respectively), and the stroma of ACs (2/6,
33%). Among the positive cases, 1 AH case showed strongly
positive in both the epithelial and stroma cells. Expression of
a-enolase was observed predominantly in the epithelial cells of

11 of 14 AHs (79%) and 6 of 6 ACs (100%). Staining intensity
was moderately positive (+). :

Discussion

The present immunochistochemical analysis focusing on five
proteins reported to be overexpressed in human pancreatic
carcinomas showed that integrin ayf,; was found to be
frequently and strongly expressed in BOP-induced hamster
pancreatic early ductal lesions and carcinomas. This expression
is in agreement with its reported promotion of cell migration
and proliferation (21,22). Subcellular localization aggregated
in the cytoplasm of epithelial cells has also been reported in
human pancreatic cancer cases (5). Although a slight expression
of integrin ayf; was found in pancreatic ductal hyperplasias,
which lack cellular atypia and are thought to be initial
histological focal changes, the frequency was lower than that
in more advanced lesions (data not shown). The significance
of the overexpression of integrin ayf; in pancreatic ductal
carcinogenesis has yet to be elucidated. However, dysregulation
in protein transportation and/or degradation functions may
occur in the early stages of pancreatic ductal carcinogenesis
in hamsters and humans. The relationship between integrin
dyP5-positivity and parameters, such as proliferation, apoptosis
and invasiveness, has yet to be investigated. However, 'in
human cases, 58% of pancreatic carcinomas showed positive
staining and the frequency was significantly higher in primary
tumors with lymph node metastasis (5). Recently, integrin o3,
was also studied as a target molecule for imaging diagnosis
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in mammary carcinoma (23), and this BOP-induced hamster
model may aid in the pre-clinical screening of integrin oyf3;
and other molecular-targeted probes and/or medicines.

Kallikrein 7 is a chymotrypsin-like serine protease, origi-
nally purified from human skin, which is specifically expressed
in keratinizing squamous epithelia (24), and is involved in cell
invasion by cleavage of the extracellular domain of adhesion
molecules, such as E-cadherin. In the present study, Kallikrein 7
was found to be predominantly expressed in stromal cells of
both AHs and ACs. Moderate-to-intense staining for kallikrein
7 has been reported in the majority of human pancreatic carci-
nomas, but this staining is distributed among the majority of the
tumor cells (6). Although the cause of such variation remains to
be determined, cytoplasmic positivity and/or localization on the
apical surfaces was evident in the epithelial cells of some of our
AHs and ACs in hamsters.

Galectin 1/3 are members of the family of §-galactoside-

binding animal lectins (25) and play a role in a variety of cell’

functions, including proliferation, migration and adhesion char-
acteristics (26,27). In this study, the expression of galectin 1/3
was observed at lower frequencies than the remaining three
proteins in the epithelial and stromal cells in AHs, whereas it
was strongly expressed in epithelial and stromal cells, respec-
tively, in ACs. In human carcinoma cases, however, the opposite
phenomenon has been described, with galectin 1 being stronger
in the stroma and galectin 3 in the epithelial elements (7,8). The
causes for this phenomenon remain to be determined.

o-Enolase, a glycolytic enzyme, is involved in the conversion
of 2-phosphoglycerate to phosphoenolpyruvate in the glycolytic
pathway (28). In the present analysis, a-enolase showed the
second most frequent expression in the epithelium of both AHs
and ACs. On the other hand, normal hamster pancreatic islets
and acinar and ductal epithelium cells were weakly positive,
partially consistent with a previous report (29).

In conclusion, some similarities to the human tumor-
associated protein expression were confirmed in hamster
pancreatic ductal lesions. The addition of molecules may also
be identified by a global analysis using cDNA microarrays and/
or proteomic approaches. Additional studies using hamsters
may allow for the discovery of target molecules for practical
diagnostic and preventive methods for human early pancreatic
carcinomas.
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ARTICLE INFO ABSTRACT

Available online 2 February 2011 Objective. The study aims to investigate the association between leisure-time physical activity and breast
cancer risk in consideration of tumor estrogen-receptor/progesterone-receptor status.

Methods. We conducted a population-based prospective cohort study among 53,578 women in the Japan
Public Health Center-based Prospective Study. Leisure-time physical activity was assessed by self-reported

questionnaires. A Cox proportional hazards regression model was used to derive relative risks and 95%

Keywords:
Breast cancer
Estrogen receptor

Leisure-time physical activity :
Metabolic equivalents confidence intervals.

Progesterone receptor Results. From 1990-1993 to the end of 2007, 652 cases were identified. The breast cancer rates (per 100,000
Risk person-years) in the sedentary groups (<3 days/month) was 84 in overall, 97 in premenopausal and 75 in
postmenopausal women. We observed a statistically significant inverse association between leisure-time
physical activity and breast cancer risk (relative risks3 days/week vs. <3 days/month = 0.73; 95% confidence interval
0.54-1.00; prrena 0.037), particularly in estrogen receptor+ progesterone receptor+ (relative risk 0.43; 0.19-
1.00; Prrena 0.022), and this inverse trend was apparent among postmenopausal women (relative risk0.25; 0.06-
1.06; Perena 0.041). An inverse trend was also observed between daily total physical activity and postmenopausal
estrogen receptor- progesterone receptor+- risk (p = 0.046). Among body mass index >25 kg/m? group, leisure-
time physical activity was associated with decreased risk (relative risks 1 qayweek vs. <3 days/month = 0.65; 0.43—

0.97; Ptrena 0.033).

Conclusion. Active participation in leisure-time physical activity may contribute to a decrease in breast
cancer risk, particularly for postmenopausal estrogen receptor-+progesterone receptor-+ tumors.

© 2011 Elsevier Inc. All rights reserved.

Introduction

The latest report of the World Cancer Research Fund (World
Cancer Resarch Fund/American Institute for Cancer Resarch, 2007)
states that physical activity (PA) probably contributes to a decrease in
the risk of breast cancer. The biological mechanisms underlying this
inverse association have yet to be confirmed but may partly include
the decreased production or bioavailability of endogenous female

Abbreviations: Cls, confidence intervals; BMI, body mass index; DTPA, daily total
physical activity; EFH, exogenous female hormone; ER, estrogen receptor; PA, physical
activity; PHC, public health center; PR, progesterone receptor; FFQ, food frequency
questionnaire; LPA, leisure-time physical activity; METs, metabolic equivalents; RR,
relative risk; SD, standard deviation.

* Corresponding author. Fax: +81 3 3547 8578.

E-mail address: moiwasak@ncc.go.jp (M. Iwasaki).

0091-7435/$ - see front matter © 2011 Elsevier Inc. All rights reserved.
doi: 10.1016/j.ypmed.2011.01.016

hormones (McTiernan et al., 2004), or of metabolic-related hormones
and growth factors, such as estrogens, insulin (Regensteiner et al.,
1991) and insulin-like growth factors (Raastad et al., 2000), which
may stimulate cellular proliferation/differentiation in the breast
(Bernstein and Ross, 1993; Hankinson et al., 1998). Other proposed
mechanisms include an improvement in immune function (Shephard
et al., 1995).

Owing to the possible involvement of hormone-related mechanisms,
the association has been evaluated with consideration to the estrogen-
and progesterone-receptor (ER/PR) status of tumors (Adams et al.,
2006; Bardia et al., 2006; Bernstein et al., 2005; Britton et al., 2002;
Chlebowski et al,, 2007; Dallal et al., 2007; Enger et al,, 2000; Lee et al.,
2001; Leitzmann et al., 2008; Peters et al, 2009; Schmidt et al., 2008).
The majority of studies were conducted among Western populations,
however, and the results have been inconsistent.

In Japan, the incidence rate of breast cancer has increased steeply
over the last three decades, and this cancer is currently the most
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common cancer (Matsuda et al, 2010). Among Asian populations,
however, few epidemiological studies have prospectively evaluated
the association in consideration of ER/PR (Suzuki et al,, 2010).

We hypothesized that PA may be associated with a decreased risk
of breast cancer partly through hormone-related mechanisms, on the
basis that PA may lead to a decrease in body fat (Sternfeld et al., 2005),
the main source of endogenous estrogen after menopause (Cleland
et al., 1985). Here, we evaluated the association between PA and ER/
PR-defined breast cancer risk in 53,578 Japanese women in the Japan
Public Health Center-based Prospective Study (JPHC).

Methods
Study participants

The JPHC was launched in 1990 to evaluate the association between
lifestyle factors, cancer, and cardiovascular disease among the Japanese
population. Details have been provided elsewhere (Tsugane and Sobue,
2001). The target population was all Japanese residents aged 40-69 years
enrolled in the residential registries of 11 public health centers (PHCs). Two
cohorts were enrolled (cohort I, Iwate-Ninohe, Akita-Yokote, Nagano-Saku,
Okinawa-Chubu, and Tokyo-Kastushika; and cohort i, Ibaraki-Mito, Niigata-
Nagaoka, Kochi-Chuchigashi, Nagasaki-Kamigoto, Okinawa-Miyako, and
Osaka-Suita). Initially, 71,698 women were invited. Kastushika (cohort 1)
could not be included due to a lack of information on cancer incidence
(n=4,178). We excluded women who did not possess Japanese nationality,
moved before the start of follow-up, were not aged 40-69 years, or who had
duplicate data (n=146).

Ofthe remainder, 55,838 completed the baseline questionnaires (response
rate 83%). All eligible subjects were sent 5-year (1995-1998; response rate
80%) and 10-year follow-up questionnaires (2000-2003; response rate 78%).
We excluded women with a self-reported history of cancer before the start
of follow-up (n=1,509). To investigate the impact of leisure-time physical
activity (LPA) on breast cancer risk, we excluded women with missing
information on LPA (n=751). Age-area-adjusted analysis was conducted
in 53,578 women.

Further, we then excluded women who had missing or unreliable
information on height, BMI, BMI at age 20 years (<14 or >40), alcohol
intake, smoking, or use of exogenous female hormones (EFH) (n=13,804), as
well as those with a family history of breast cancer {n=210) and women
who reported unreasonable estimates of total energy intake (+3SD)
(n=395). Finally, 39,169 women were included in multivariable-adjusted
analysis. We also performed sub-analyses to evaluate the impact of daily total
physical activity (DTPA) in cohort If only because baseline information on
DTPA was available.

Exposure measurement

The main exposure of interest was participation frequency in LPA. We
inquired about the frequency of participation in non-occupational LPA, such
as sports and exercise, at the baseline and 5-year follow-up surveys. In both
questionnaires, we asked 'How many times did you participate in sports and
PA other than during working hours,” with five predefined categories of
almost never exercise: 1-3 days per month, 1-2 days per week, 3-4 days per
week, and almost daily.

In cohort II, we evaluated the impact of DTPA on breast cancer risk. DTPA
was measured as metabolic equivalents (METs-hours/day). Calculation in
METs has been explained elsewhere (Inoue et al., 2608). The same methods
were used in the baseline and 5-year follow-up surveys because they
contained common questions on sleeping time, heavy physical work or
strenuous exercise, standing or walking time, and sitting time.

Although LPA was not directly validated, the validity and reproducibility
of the total METs/day score for the 5-year follow-up questionnaire was
previously evaluated using 4-day, 24-hour PA records as an objective
standard in 108 volunteer subjects in the cohort. In brief, correlations
between the 5-year follow-up questionnaire and 4-day, 24-h record showed
reasonable validity, with a Spearman rank correlation coefficient of 0.35
in women (Inoue et al, 2008). Reproducibility for the 5-year follow-up
questionnaire was also supported, with a Spearman rank correlation
coefficient of 0.68 (Imai et al., 2010),

Ascertainment of cases and follow-up

Breast cancer cases were identified by active patient notification from
major local hospitals and data linkage with population-based cancer
registries, with permission from the local governments responsible for
the registries. Cases were defined as codes C500-509 (World Health
Organization, 2000). Diagnosis was microscopically verified for 97% of all
case patients. ER/PR status was evaluated by either immunohistochemical
assay or enzyme-linked immunoassay. The cut-off point for positive receptor
status was defined by clinical estimation at the treating hospital or by the
assay method of the clinical laboratory. In most but not all cases, hormone
receptor-positivity was defined as the presence of >10 fmol/mg protein
in enzyme-linked immunoassay or by the finding of any positive cells in a
specimen in immunohistochemical assay.

Follow-up was started on the date of administration of the baseline
questionnaire and continued until the date of diagnosis of breast cancer, date
of death, date of moving, or end of follow-up (December 31, 2007), whichever
occurred first. Date of death or moving was verified through linkage with the
death or residential registry at the respective PHC.

Statistical analysis

We used time-dependent multivariable Cox proportional hazards regres-
sion models to evaluate relative risks (RRs) and 95% confidence intervals {Cls)
using age as the time scale (Korn et al., 1997). Women were subdivided
into three categories by LPA [<3 days/month, 1-2 days/week, >3 days/week].
The multivariable adjusted model included height, recent BMI, BMI at age
20 years, smoking status, age at menarche, age at first birth, parity, age at
menopause, use of EFH, alcohol intake and isoflavone intake. These factors
were based on the self-administered baseline questionnaires and were
updated with the follow-up surveys, if available. If they could not be properly
adjusted due to the small number of ER/PR-defined cases, these covariates
were excluded, as mentioned in the footnotes in Table 2. For DTPA, women
were subdivided according to tertile. Trend tests were conducted by creating
a continuous variable in the rank order of each category. Additional
analyses were conducted with stratification by menopausal and BMI status.
All analyses were performed using the SAS statistical package version 9.1
(SAS Institute, Cary, NC). All statistical tests were two-sided, and statistical
significance was defined as p<.05.

Results

After an average 14.5 years of follow-up, 652 breast cancer cases
were diagnosed among 53,578 women. Information on ER/PR status
was available for 299, showing 135 cases of ER+PR+, 64 of ER+PR—,
and 83 of ER—PR—. Although height and BMI did not appear to differ
by LPA level, women who tended to participate were more likely to be
older and not to use EFH (Table 1).

Overall, we observed a statistically significant inverse associa-
tion between LPA and breast cancer risk [multivariable-adjusted
RRZB days/week vs. <3 days/week = 0.73; 95% (1 0.54-1.00; Dtrend 01)38}-
In particular, the observed inverse association was apparent for
ER-+PR+ tumors (corresponding RRer.ypr+ =0.43 (0.19-1.00) Prrena
0.022), but not for others (Table 2). Without updating exposure
information (i.e. by using the baseline information only), the
corresponding result for ER+PR+ was no longer statistically significant
[0.64 (0.29-1.38) prena= 0.13 (text only)], although the point estimates
of RRs were less than 1 at either baseline alone or with updated
information. Further analyses without adjustment of recent BMI or BMI
at 20 years old gave similar results.

In analyses stratified by menopausal status, LPA participation
was marginally inversely associated with overall breast cancer
risk among premenopausal women, although null association was
observed after considering ER/PR tumor status. Among postmeno-
pausal women, in contrast, LPA was associated with a decreased
risk of ER+PR+ tumors using repeated exposure information
(i.e. both baseline and 5-year follow-up surveys) [multivariable-
adeSte? RR: 3 days/weck vs. <3 days/month = 0.25 (0.06-1.06) pirend 0.041;
Table 2].
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Table 1

229

Subject characteristics according to category of participation in leisure-time activity in the Japan Public Health Center-based Prospective Study (1990/1993-).

Characteristic

Frequency of participation in leisure-time physical activity

<3 days/month

1-2 days/week >3 days/week

At haseline survey (%) 81.4
At 5-year follow-up survey (%) 781
Age at baseline survey, y, mean (5D) 51.1 (7.8)
Body mass index at age 20, kg/m?, mean (SD) 21.5 (2.6)
Body mass index at baseline, kg/m? mean (SD) 233(3.1)
Height, cm, mean (SD) 152.2 (5.4)
Age at menarche, y, mean (SD) 145 (1.8)
Age at first birth, y, mean (SD)* 249 (34)
Number of children, n, mean (SD) 26(15)
Age at menopause, y, mean (SD) 483 (4.7)
Use of exogenous hormones at baseline (ever), % 126
Alcohol drinking status at baseline (ever), % 224

Smoking status at baseline (ever), % 8.0
Intake of isoflavones, mg, mean” 36.2

8.7 89
10.8 112
50.5 (7.9} 542 (8.2)
21.2 (2.4) 216 (2.7)
23.2 (2.9) 235 (32)
1534 (53) 1521 (5.7)
143 (1.8) . 149 (19)
251 (3.1) 250 (3.5)
26 (14) 27 (1.6)
484 (4.8) 487 (4.5)
125 117
299 231
76 72
390 429

BMI=body mass index, SD = standard deviation,
? Based on information among parous women.
b Standardized according to food frequency questionnaires,

Incohort I, the impact of DTPA on breast cancer risk showed no overall
association (multivariable-adjusted RReerite3 vs. tertiler METs/day score = 1.03
(0.75-1.41) prena 0.86; Table 3). On consideration of menopausal and
ER/PR status, however, we observed a substantial inverse trend between
DTPA and ER+PR+ tumors among Postmenopausal women (age-area
3de5tEd RRtem'k3 vs. tertilel METs/day score=0-43 (0‘17“1-08) Dtrend 0-046;
Table 3).

On stratification by BMI (<25 or =25kg/m?), no association
between LPA and breast cancer risk was seen among women with BMI
<25 kg/m% Among overweight women (BMI =25 kg/m?), however,
participation in LPA was associated with a decreased risk of breast
cancer risk overall (RRx 1 dayweek vs. <3 days/month =0.65 (0.43-0.97)
Ptrend 0.033; Table 4)

Discussion

This is the first large prospective cohort study to evaluate the
association between LPA and breast cancer risk in consideration of ER/
PR status in a Japanese population. Overall, LPA showed a substantial
inverse association with breast cancer risk after adjustment for all co-
variates. Among premenopausal women, LPA was marginally associ-
ated with a decreased risk overall but not for specific ER/PR tumors.
Among postmenopausal women, LPA was associated with a decreased
risk for ER+PR+ tumors. Although there was no overall association
between DTPA and breast cancer risk, we observed a considerable
inverse trend between DTPA and postmenopausal ER+PR+ tumors in
a JPHC sub-cohort. Further, on stratification by BMI, we observed a
substantial inverse association between LPA and breast cancer risk
among overweight women.

Our observed favorable impact of LPA against breast cancer risk
was consistent with previous results for overall (Bardia et al., 2006)
and ER+ tumors (Bernstein et al., 2005), although a cohort study
suggested an inverse association for ER— but not ER+ tumors (Dallal
et al,, 2007).

Among premenopausal women, the marginal inverse trend of an
association of LPA with breast cancer risk was found for overall
tumors but not for any tumor subtypes. PA has been reported to exert
a protective effect on risk for overall tumors (Maruti et al., 2008) and
irrespective of hormone receptor positivity (Enger et al, 2000)
(Adams et al., 2006) (Suzuki et al., 2010). The observed weak inverse
trend might be due to the fact that our follow-up period did not cover
the entire premenopausal period because follow-up started at around
age 40. '

Unlike previous results (McTiernan et al, 2003) (Lee et al., 2001),
we found no inverse trend among postmenopausal women. For ER+

PR+ tumors, however, a substantial inverse trend was found, in line
with some (Chlebowski et al., 2007; Peters et al., 2009; Schmidt et al.,
2008) but not all previous studies (Lee et al., 2001) (Leitzmann et al.,
2008). A protective effect of PA on both ER+PR+ and ER+PR—
tumors has also reported (Bardia et al., 2006).

Among overweight women, a substantial decreased in risk with
LPA was observed overall. Similarly, a weak inverse trend was also
observed for ER+-PR+ tumors. In other studies, however, an inverse
association was observed among a low-BMI group (Leitzmann et al,,
2008), particularly for ER+PR+ tumors (Enger et al., 2000). These
inconsistent results indicate the need for further careful evaluation.

Unlike LPA, our sub-analyses for DTPA (average 9.2 person-years
of follow-up) did not show any overall favorable impact, which was
consistent with our previous analysis with an average 7.5 person-
years of follow-up (from 1995-1999 to 2004) (Inoue et al., 2008).In -
contrast, our corresponding present results for the postmenopausal
ER+PR+ tumors showed a substantial inverse trend with DTPA.
Although these results could not be clearly explained and might not
exclude the possible involvement of non-hormone-related mecha-
nisms, the observed results for postmenopausal ER+PR+ tumors might
support the idea that PA is associated with a decreased risk of breast
cancer partly through hormone-related mechanisms. After menopause,
exercise may lead to a decrease in adipose tissue (Sternfeld etal., 2005),
a major source of endogenous estrogen derived from the peripheral
conversion of androgens to estrogens (Cleland et al., 1985) or to an
increase in sex hormone-binding globulin (van Gils et al., 2009), the
main protein carrier of estradiols, or both. A lack of association of
DTPA with overall breast cancer risk in the present and a previous
JPHC study (Inoue et al., 2008) might be explained without consider-
ation of menopausal and ER/PR status. Further study with regard to
menopausal status, ER/PR status or type of PA is required.

Strengths of our study include its prospective population-based
cohort study design and large study size, adjustment for a broad range
of potential confounders, and availability of repeated measurements
for exposure as well as some covariates, which can change during long
follow-up. Time-dependent analyses may reduce the misclassification
of exposure and improve statistical efficiency. The study design, with
a long follow-up period and repeated exposure measurements, might
have aided detection of this inverse association.

Our main limitation was that ER/PR status was available for only
about 46% of cases. The major reason for an unknown ER/PR status
was likely that data collection began in 2002, while data during
follow-up from 1990 to 2002 were obtained by retrospective review
of medical records or pathology reports. Potential bias due to this
relatively large number of cases with unknown ER/PR status should be
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Table 4
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Relative risks (RRs) and 95% confidence intervals (Cls) for the association between leisure-time physical activity and hormone receptor status-defined breast cancer risk stratified by

BMI in the Japan Public Health Center-based Prospective Study 1990-2007.

Type of BMI <25 (n=38959) BMI 225 (n=14619)
tumor : : - — - : - -
Cases Leisure-time physical activity Cases Leisure-time physical activity

<3 days/month 21 day/week <3 days/month 21 day/week
Ref. RR (95% Ci) Prrend Ref. RR (95% C1) Prrend

Person-years 454047 110033 173623 42391
359 94 170 29

All? 453/38959 1.00 (ref.) 1.02 (0.81-1.28) 0.90 199/14619 1.00 (ref.) 0.65 (0.43-0.97) 0.033
75 15 40 5

ER+PR+? 90/38959 1.00 (ref) 0.84 (0.48-1.48) 0.55 45/14619 1.00 (ref) 0.50 {0.20-1.27) 0.14
32 12 18 2

ER+PR—* 44/38959 1.00 (ref.) 1.61 (0.82-3.16) 0.17 20/14619 1.00 (ref.) 0.51(0.12-2.23) 0.37
51 14 15 3

ER—PR—* 65/38959 1.00 (ref.) 1.11 (0.61-2.01) 0.74 18/14619 1.00 (ref.) 0.93 (0.27-3.27) 0.91
192 49 93 19

Unknown® 241/38959 1.00 (ref.) 0.92 (0.67-1.26) 06 112/14619 1.00 (ref.) 0.72 (0.43-1.18) 0.19

* Cox proportional hazards models were adjusted for age (time-scales), area (10).

considered. Nevertheless, RR for unknown tumors was similar to that Appendix

for overall tumors, suggesting that there was little bias in our results.
Further, our information on LPA included frequency only and not
intensity or duration. Finally, we are unable to rule out the possibility
of a chance finding, measurement error in exposure information due
to self-reporting, and residual confounding due to unmeasured/
unknown information.

Conclusion

LPA was associated with a decreased risk of breast cancer in overall
and postmenopausal ER+PR+ tumors. Among overweight women, a
substantially decreased risk with LPA was observed. We also observed
a substantial inverse trend between DTPA and postmenopausal ER-+
PR+ tumors, although DTPA was not associated with overall breast
cancer risk. Active participation in LPA might represent a useful public
health message against breast cancer, particularly among elderly
women, given that the majority of breast tumors occurring after
menopause are ER+PR4 tumors.
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