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Abstract

Background: To establish a model of pancreatic cancer induced by 7,12-dimethylbenzantracene (DMBA) in
Sprague–Dawley (SD) rats, and detect the expression of DNA-repair proteins (MGMT, ERCC1, hMSH2, and hMLH1)
and their significance in pancreatic cancer and non-cancerous pancreatic tissues of SD rats.

Methods: DMBA was directly implanted into the parenchyma of rat pancreas (group A and group B), and group B
rats were then treated with trichostatin A (TSA). The rats in both groups were executed within 3 to 5 months, and their
pancreatic tissues were observed by macrography and under microscopy. Meanwhile, the rats in the control group
(group C) were executed at 5 months. Immunohistochemistry was used to assay the expression of MGMT, ERCC1,
hMSH2, and hMLH1.

Results: The incidence of pancreatic cancer in group A within 3 to 5 months was 48.7% (18/37), including 1 case of
fibrosarcoma. The incidence of pancreatic cancer in group B was 33.3% (12/36), including 1 case of fibrosarcoma. The
mean of maximal diameters of tumors in group A was higher than that in group B (P <0.05). No pathological changes
were found in pancreas of group C and other main organs (except pancreas) of group A and group B. No statistical
differences were found among the positive rates of MGMT, ERCC1, hMSH2, and hMLH1 in ductal adenocarcinoma and
non-cancerous pancreatic tissues of group A (P >0.05). The positive rates of MGMT, ERCC1, hMSH2, and hMLH1 were
significantly lower in ductal adenocarcinoma than those in non-cancerous tissues of group B (P ≤0.05). All pancreas of
group C had positive expression of MGMT, ERCC1, hMSH2, and hMLH1 and two cases of fibrosarcoma showed a
negative expression.

Conclusions: DMBA, directly implanted into the parenchyma of pancreas, creates an ideal pancreatic cancer model
within a short time. TSA might restrain DNA damage related to the genesis and growth of pancreatic cancer in rats.
The DNA-repair proteins, including MGMT, ERCC1, hMSH2, and hMLH1, might play an important role in the genesis of
pancreatic cancer induced by DMBA in rats.
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Table 1 Incidences of pancreatic tumors in groups A and B
(case number ratio (%))

Group n 3rd month 4th month 5th month Total cases

A 37 2/7 (28.6) 4/10 (40.0) 12/20 (60.0) 18/37 (48.7)

B 36 1/6 (16.7) 3/10 (30.0) 8/20 (40.0) 12/36 (33.3)
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Background
Pancreatic cancer is a solid malignancy characterized by
its rapid growth and propensity to invade adjacent or-
gans and metastasize. Worldwide, pancreatic cancer
causes approximately 213,000 deaths each year. The 1-
year survival rate is around 20% and 5-year survival rate
is less than 5% in spite of aggressive therapies [1].
Within the last two decades, research has shown that
pancreatic cancer is fundamentally a genetic disease
caused by inherited germline and acquired somatic mu-
tations in cancer-associated genes, and more and more
investigation of molecular pathogenesis has been used in
the diagnosis and treatment of pancreatic cancer. To
build useful models studying the pathological molecular
mechanisms of pancreatic cancer, Rivera et al. directly
implanted dimethylbenzanthracene (DMBA) into the
parenchyma of the rat pancreas and found a pancreatic
cancer incidence of 39% within 10 months [2]; Bockman
et al. reported similar studies [3].
Trichostatin A (TSA) is a histone deacetylase inhibitor

with a broad spectrum of epigenetic activities. It can up-
regulate the expression of several genes and restrain
other genes’ expression, thus intervening in the genesis
and development of tumors. In vivo or in vitro experi-
ments have confirmed that TSA could restrain the gen-
esis of some tumors and control tumor progression by
restraining tumor angiogenesis and changing the tumor
microenvironment [4]. Some studies have shown that
TSA acts as a tumor suppressor in human pancreatic
cancer cell lines [5,6].
The DNA mismatch repair (MMR) system is an inbuilt

security system that can repair DNA mismatch in hu-
man cells, and plays an important role in retaining the
integrality and stability of genes. The main MMR genes
are hMSH1-6, hMLH1-5 and others, and the methylation
of MMR genes and/or the loss of expression of their
proteins plays an important role in malignant tumorigen-
esis [7-11]. O6-methylguanine DNA methyltransferases
(MGMT) is a high-performance DNA-repair enzyme,
which can protect cells from alkylating agent damage and
prevent cell carcinogenesis [11-16]. Excision repair cross-
complementing gene 1 (ERCC1) is a member of the exo-
nuclease repair enzyme family, and its low expression is
always related with elevated cancer incidence while its
high expression is always related with resistance to plat-
inum drugs [17-21].
Since no studies have examined the expression levels of

DNA-repair proteins (MGMT, ERCC1, hMSH2, and
hMLH1) in pancreatic cancer induced by DMBA and non-
cancerous pancreatic cancer tissues in rats, little is known
about the effects of MGMT, ERCC1, hMSH2, and hMLH1

on rat pancreatic cancer induced by DMBA. In this study,
DMBA was directly implanted into the parenchyma of the
pancreas of rats to establish a pancreatic cancer model,
and TSA injection was given to establish the intervention
group. The expression levels of MGMT, ERCC1, hMSH2,
and hMLH1 in pancreatic cancer and non-cancerous pan-
creatic tissues was detected and their effect on the process
of inducing cancer by DMBA was assessed.

Methods
Animal model
Ninety Sprague–Dawley (SD) rats (no sex limit), weigh-
ing between 150 and 200 g were used. These rats were
randomly divided into three groups: 40 in the pancreatic
cancer model group (group A), 40 in the TSA intervention
group (group B), and 10 in the control group (group C).
The rats were treated with preoperative fasting for 24
hours (no water ban), and 2% amyl-barbital was injected
into the abdomen under anesthesia. The rats’ abdomens
and parenchyma were then dissected (1 mm) and DMBA
(9 mg) was directly implanted into the parenchyma of the
pancreas in groups A and B, followed by suturing. The
rats were raised in common conditions after operation,
and rats in group B were injected with 1 mL TSA (1 μg/
mL) weekly through the abdomen. Except for natural
death, the rats were executed randomly in the third month
(7 rats in group A and 6 rats in group B), in the fourth
month (10 rats in both groups A and B), and in the fifth
month (20 rats in both groups A and B) after operation.
Rats in group C, which were treated without DMBA im-
plantation and treated in the same condition as group A,
were executed in the fifth month after operation.
The design of this study was approved by the medical

ethics commitee of the Second Hospital of Yueyang City.

Macrography and pathological observation
The livers, gallbladder, stomach, intestine, and lung of
rats in groups A and B were observed by macrography.
After which the whole pancreatic tissues and some tis-
sues from the liver, gallbladder, stomach, intestines, and
lungs of rats were put into 4% formaldehyde for 16 to 18
hours. Conventional paraffin-embedded sections were
made with these specimens. Finally the sections were
dyed by hematoxylin and eosin staining, and observed
under microscopy.

Immunohistochemical staining of EnVision™
Immunostaining was conducted by use of the ready-to-
use, peroxidase-based EnVision™ Detection kit (Dako La-
boratories, CA, USA) according to the user manual.



Table 2 Pathological types of pancreatic tumors in groups
A and B (case number)

Group n Fibro-
sarcoma

Pancreatic ductal adenocarcinoma

Well-
differentiated

Moderately-
differentiated

Poorly-
differentiated

A 18 1 6 7 4

B 12 1 6 4 1
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Four-micrometer-thick sections were cut from routinely
paraffin-embedded tissues.
Rabbit anti-rat MGMT, ERCC1, hMSH2, and hMLH1

monoclonal antibodies were obtained from Cell Signal-
ing Technology, Inc. (Danvers, MA, USA). EnVision™
detection kit was from Dako Laboratories, CA, USA.
Cytoplasm and (or) cell nuclei containing brown-yellow
granules were defined as positive cells. The percentage
of positive cells was calculated from 10 random fields.
Cases with ≥25% positive cells were considered positive
and cases were otherwise considered negative [22,23].
The positive controls were the positive pancreatic cancer
biopsies provided by CST (Cell Signaling Technology,
Inc.) while the negative controls were prepared by 5%
fetal bovine serum substituting the primary antibody.

Statistical analysis
Data was analyzed by using the statistical package for the
Social Sciences Version 13.0 (SPSS 13.0). All the data were
analyzed by using χ2 test, rank-sum test, and Fisher’s exact
test.
Figure 1 Pathological observation of rat pancreatic lesions induced b
(A) Poorly-differentiated ductal adenocarcinoma (group A); (B) Well-differen
(D) Severe atypical hyperplasia in ductal epithelia (group A).
Results
Macrography
The incidence of pancreatic tumors in groups A and B
are shown in Table 1; the incidence of tumors in group
A was higher than that in group B (P >0.05). Both
groups A and B had one case of fibrosarcoma that devel-
oped liver metastasis and epiploon metastasis. The dis-
tribution of diameter of tumor mass in group A was
0.5–1.0 cm (7 cases), 1.0–2.0 cm (10 cases), and >2.0 cm
(1 case); and the distribution of diameter of tumor mass
in group B was 0.5–1.0 cm (9 cases), 1.0–2.0 cm (2
cases), and >2.0 cm (1 case). The mean of maximal
diameter of tumors in group A was higher than that in
group B (P <0.05). No pathological changes were found
by macrography in pancreas of group C and other main
organs (except pancreas) of groups A and B.

Pathological observation
Pathological results of pancreatic tumors in groups A
and B are shown in Table 2 and Figure 1A. Both non-
cancerous pancreatic tissues and peritumoral pancreatic
tissues in groups A and B showed hyperplasia to
atypical-hyperplasia. Non-cancerous pancreatic tissues
in group A which showed mild atypical-hyperplasia were
found in 5 cases (26.3%) and moderately to severely
atypical-hyperplasia in 10 cases (52.6%). The same tis-
sues were found in group B in 10 cases (41.6%) and 8
cases (33.3%), respectively; therefore, no statistical differ-
ences were found in the two groups (P >0.05). No patho-
logical changes were found by microscopy in pancreas of
y DMBA. Hematoxylin-eosin stain, original magnification × 200.
tiated ductal adenocarcinoma (group B); (C) Fibrosarcoma (group B);



Figure 2 DNA repair proteins expression in the ductal carcinoma of rat pancreas. EnVision immunohistochemistry, original magnification × 200
and positive reaction was mainly localized in the cytoplasm and/or nucleus. (A) MGMT positive expression in well-differentiated adenocarcinoma;
(B) ERCC1 positive expression in moderately-differentiated adenocarcinoma; (C) hMSH2 positive expression in moderately-differentiated adenocarcinoma;
(D) hMLH1 positive expression in well-differentiated adenocarcinoma.
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group C and other main organs (except pancreas) of
groups A and B.
Table 3 Expression of MGMT, ERCC1, hMSH2, and hMLH1

in ductal adenocarcinoma and non-cancerous pancreatic
tissues (%)

Group n MGMT ERCC1 hMSH2 hMLH1

Pancreatic ductal
adenocarcinoma

A + B 28 15 (53.6) 13 (46.2) 14 (50.0) 12 (42.9)

A 17 9 (52.9) 8 (47.1) 9 (52.9) 8 (47.1)

B 11 6 (54.6) 5 (45.5) 5 (45.5) 4 (36.4)

Non-cancerous
pancreatic tissues

A + B 43 35 (81.4) 33 (76.7) 32 (74.4) 30 (70.0)

A 19 14 (73.7) 14 (73.7) 12 (63.2) 11 (57.9)

B 24 21 (87.5) 19 (79.2) 19 (79.2) 19 (79.2)

Pancreatic ductal adenocarcinoma compared with non-cancerous pancreatic
tissues in group A + B: χ2 MGMT = 6.30, P <0.05; χ2 ERCC1 = 6.83, P <0.01; χ2 hMSH2 =
4.43, P <0.05; χ2 hMLH1 = 5.08, P <0.05.
Pancreatic ductal adenocarcinoma compared with non-cancerous pancreatic
tissues in group A: PMGMT = 0.157, PERCC1 = 0.088, PhMSH2 = 0.103, PhMLH1 = 0.452.
Pancreatic ductal adenocarcinoma compared with non-cancerous pancreatic
tissues in group B: PMGMT = 0.042, PERCC1 = 0.050, PhMSH2 = 0.050, PhMLH1 = 0.018.
Expression of MGMT, ERCC1, hMSH2, and hMLH1 in
pancreatic ductal adenocarcinoma and non-cancerous
pancreatic tissues
The positive rates of MGMT, ERCC1, hMSH2, and
hMLH1 (Figure 2) were significantly lower in ductal
adenocarcinoma than those in non-cancerous pancreatic
tissues in group A + group B (P <0.01 or P <0.05). No
statistical differences were found among the positive
rates of MGMT, ERCC1, hMSH2, and hMLH1 in ductal
adenocarcinoma and non-cancerous pancreatic tissues
of group A (P >0.05). The positive rates of MGMT,
ERCC1, hMSH2, and hMLH1 were significantly lower in
ductal adenocarcinoma than those in non-cancerous tis-
sues of group B (P <0.05). The ductal epithelium of non-
cancerous pancreas which had negative expression of
MGMT, ERCC1, hMSH2, and hMLH1 in groups A and B
all showed moderately or severe atypical-hyperplasia.
The fibrosarcoma had negative expression of MGMT,
ERCC1, hMSH2, and hMLH1, while pancreas of group C
had positive expression of MGMT, ERCC1, hMSH2, and
hMLH1 (Table 3). Expression of MGMT, ERCC1, hMSH2,
and hMLH1 had no obvious correlation with the size of
tumor mass and differentiation degree of ductal adenocar-
cinoma (P >0.05).
Discussion
Establishing of a pancreatic cancer model can be
achieved through three kinds of methods [24-27]: 1) ex-
posing canine animal to carcinogen, 2) activating the on-
cogenes of transgenic mice, and 3) transplanting the
xenogenic pancreatic cancer tissues to athymic mouse.



Tan et al. World Journal of Surgical Oncology 2014, 12:32 Page 5 of 6
http://www.wjso.com/content/12/1/32
Rivera et al. directly implanted DMBA into the paren-
chyma of rat pancreas to establish a pancreatic cancer
model of rats and the incidence of cancer of SD rats
within 10 months was 39% [2]. Since then, a series of
mouse and rat pancreatic cancer models using DMBA
have been established [28-32]. TSA can increase intra-
cellular histone levels and up-regulate the expression of
several genes. Some experiments have confirmed that
TSA can restrain the genesis of some tumors by
restraining angiogenesis, inhibiting proliferative activity,
and promoting apoptosis of tumor cells [33-37]. After
we directly implanted a major dose of DMBA (9 mg)
into the pancreas parenchyma of SD rats, the incidence
of cancer in group A within 3 to 5 months was 48.7%,
and that in group B was 33.3%; their pathological types
were the same as those of human pancreatic ductal
adenocarcinoma, except for two cases of fibrosarcoma.
The incidence of cancer in group A was higher than that
in group B, but the difference had no statistical sig-
nificance (P >0.05). The mean of maximal diameter of
tumors in group A was higher than that in group B
(P <0.05). Our SD rat model of pancreatic cancer had
some merits: 1) the period of tumor formation was short
and the incidence of cancer was high; 2) the pathological
type was mainly the same as human pancreatic ductal
adenocarcinoma; 3) no pathological changes were found
in main organs (except pancreas); 4) the inhibitive effect
on carcinogenesis and growth of TSA was obvious; and
5) the cost was low.
MGMT is a high-performance DNA-repair enzyme

that can protect cells from alkylating agent damage and
can prevent cell carcinogenesis and death. The MGMT
gene is located in 10q26 and encodes 207 amino acids’
proteins [7-11]. Normal cells all have MGMT expres-
sion, while some malignant tumors will lose MGMT ex-
pression which will induce the damage of DNA repair
and the carcinogenesis of cells [7-11,38,39]. ERCC1 is a
member of the exonuclease repair enzyme family and its
low expression is always related to elevated cancer inci-
dence, while its high expression is always related to re-
sistance to platinum drugs [12-16]. Recent studies have
confirmed that ERCC1 is the key enzyme of the DNA re-
pair induced by cisplatin and it has been shown that
ERCC1 expression of some malignant tumors played an
important role in guiding chemotherapy [17-21,37]. The
hMSH2 gene is located in 2P16 and is the first separated
MMR. It can repair DNA mismatch and retain the inte-
grality and stability of genes. Many recent papers have
reported that the loss of hMSH2 protein expression was
crucial to the genesis and progression of malignant tu-
mors [7-11,40-42]. hMLH1 is also a type of MMR which
can also inhibit carcinogenesis by repairing DNA mis-
matching. Mutation of the hMLH1 gene will induce the
genesis of many malignant tumors [7-11,41].
Conclusions
Our data have shown that the positive rates of MGMT,
ERCC1, hMSH2, and hMLH1 were significantly lower
in pancreatic ductal adenocarcinoma than in non-
cancerous pancreatic tissues of rats, and the ductal epi-
thelia of non-cancerous pancreas which had negative
expression of MGMT, ERCC1, hMSH2, and hMLH1 all
shown atypical-hyperplasia. The results show that there
was loss expression of MGMT, ERCC1, hMSH2, and
hMLH1 in the course of genesis of pancreatic cancer in-
duced by DMBA in rats, which might be the mechanism
of carcinogenesis by DMBA. Therefore, testing the ex-
pression of MGMT, ERCC1, hMSH2, and hMLH1 in
pancreatic cancer might play an important role in guid-
ing the treatment of human pancreatic cancer.

Abbreviations
DMBA: Dimethylbenzanthracene; ERCC1: Excision repair cross-complementing
gene 1; MGMT: O6-methylguanine DNA methyltransferases; MMR: Mismatch
repair; SD: Sprague–Dawley; TSA: Trichostatin A.

Competing interests
The authors report no competing interests. No benefits in any form have
been received or will be received from a commercial party related directly or
indirectly to the subject of this article.

Authors' contributions
TXG did most of the experiments and data acquisition, TXG and YZ
participated in the design of experiments, interpretation of data, and writing
of the manuscript. LY and XYM participated the experiments and writing. All
authors read and approved the final manuscript.

Acknowledgements
We thank WJSO Editorial and BioMed Central for editorial assistance.

Author details
1Department of Hepatobiliary Surgery, The Second Hospital of Yueyang, East
Baling Road 263#, Yueyang, Hunan 414000, China. 2Research Laboratory of
Hepatobiliary Diseases, Second Xiangya Hospital, Central South University,
Changsha, Hunan 410011, China.

Received: 18 August 2013 Accepted: 28 January 2014
Published: 6 February 2014

References
1. Jemal A, Siegel R, Ward E, Murray T, Xu J, Smigal C, Thun MJ: Cancer

statistics, 2006. CA Cancer J Clin 2006, 56(2):106–130.
2. Rivera JA, Graeme-Cook F, Werner J, Zqraqqen K, Rustqi AK, Rattner DW,

Warshaw AL, Fernandez-del Castillo C: A rat model of pancreatic ductal
adenocarcinoma: targeting chemical carcinogens. Surgery 1997,
122(1):82–90.

3. Bochaman DE, Guo J, Buchler P, Muller MW, Berqmann F, Friess H: Origin
and development of the precursor lesions in experimental pancreatic
cancer in rats. Lab Invest 2003, 83(6):853–859.

4. Monnert C: Histone deacetylase inhibitors. Eur J Med Chem 2005, 40(1):1–13.
5. Lacaci I, Gomez-Martinez A, Carrato A, Martinez-LacaciI, Barbera VH, Soto JL:

Histone deacetylase inhibitors induced caspase-independent apoptosis
in human pancreatic adenocarcinoma cell lines. Mol Cancer Ther 2005,
4(8):122–1230.

6. Zhang S, Cai X, Huang F, Zhong W, Yu Z: Effect of trichostatin A on
viability and microRNA expression in human pancreatic cancer cell line
BxPC-3. Exp Oncol 2008, 30(4):265–268.

7. Wang L, Bani-Hani A, Montoya DP, Roche PC, Thibodeau SN, Burgart LJ,
Roberts LR: hMLH1 and hMSH2 expression in human hepatocellular
carcinoma. Int J Oncol 2001, 19(3):567–570.

8. Peiró G, Diebold J, Lohse P, Ruebsamen H, Lohse P, Baretton GB, Löhrs U:
Microsatellite instability, loss of heterozygosity, and loss of hMLH1 and



Tan et al. World Journal of Surgical Oncology 2014, 12:32 Page 6 of 6
http://www.wjso.com/content/12/1/32
hMSH2 protein expression in endometrial carcinoma. Hum Pathol 2002,
33(3):347–354.

9. Jansson A, Arbman G, Zhang H, Sun XF: Combined deficiency of hMLH1,
hMSH2, hMSH3 and hMSH6 is an independent prognostic factor in
colorectal cancer. Int J Oncol 2003, 22(1):41–49.

10. Oue N, Sentani K, Yokozaki H, Kitadai Y, Ito R, Yasui W: Promoter
methylation status of the DNA repair genes hMLH1 and MGMT in gastric
carcinoma and metaplastic mucosa. Pathobiology 2001, 69(3):143–149.

11. Cooper WA, Kohonen-Corish MR, Chan C, Kwun SY, McCaughan B, Kennedy
C, Sutherland RL, Lee CS: Prognostic significance of DNA repair proteins
MLH1, MSH2 and MGMT expression in non-small-cell lung cancer and
precursor lesions. Histopathology 2008, 52(5):613–622.

12. Matsukura S, Miyazaki K, Yakushiji H, Ogawa A, Harimaya K, Nakabeppu Y,
Sekiguchi M: Expression and prognostic significance of O6-methylguanine-
DNA methyltransferase in hepatocellular, gastric, and breast cancers.
Ann Surg Oncol 2001, 8(10):807–816.

13. Kitajima Y, Miyazaki K, Matsukura S, Tanaka M, Sekiguchi M: Loss of
expression of DNA repair enzymes MGMT, hMLH1, and hMSH2 during
tumor progression in gastric cancer. Gastric Cancer 2003, 6(2):86–95.

14. Verbeek B, Southgate TD, Gilham DE, Margison GP: O6-Methylguanine-DNA
methyltransferase inactivation and chemotherapy. Br Med Bull 2008, 85:17–33.

15. Nagasaka T, Goel A, Notohara K, Takahata T, Sasamoto H, Uchida T, Nishida
N, Tanaka N, Boland CR, Matsubara N: Methylation pattern of the O6-
methylguanine-DNA methyltransferase gene in colon during progressive
colorectal tumorigenesis. Int J Cancer 2008, 122(11):2429–2436.

16. Reed E: ERCC1 and clinical resistance to platinum-based therapy.
Clin Cancer Res 2005, 11(17):6100–6102.

17. Olaussen KA, Fouret P, Kroemer G: ERCC1-specific immunostaining in non-
small-cell lung cancer. N Engl J Med 2007, 357(15):1559–1561.

18. Gossage L, Madhusudan S: Current status of excision repair cross
complementing-group 1 (ERCC1) in cancer. Cancer Treat Rev 2007,
33(6):565–577.

19. Handra-Luca A, Hernandez J, Mountzios G, Taranchon E, Lacau-St-Guily J,
Soria JC, Fouret P: Excision repair cross complementation group 1
immunohistochemical expression predicts objective response and
cancer-specific survival in patients treated by Cisplatin-based induction
chemotherapy for locally advanced head and neck squamous cell
carcinoma. Clin Cancer Res 2007, 13(13):3855–3859.

20. Kim MK, Cho KJ, Kwon GY, Park SI, Kim YH, Kim JH, Song HY, Shin JH, Jung
HY, Lee GH, Choi KD, Kim SB: ERCC1 predicting chemoradiation resistance
and poor outcome in oesophageal cancer. Eur J Cancer 2008, 44(1):54–60.

21. Grippo PJ, Sandgren EP: Modeling pancreatic cancer in animals to
address specific hypotheses. Methods Mol Med 2005, 103:217–243.

22. Leonardo E, Valente G, Cappia S, Cianfriglia M, Arancia G, Meschini S, Scagliotti
GV: Immunohistochemical evaluation of P-glycoprotein in human
malignancies by monoclonal antibody MC57. Int J Cancer 1994,
57(6):841–846.

23. Khalid H, Yasunaga A, Kishikawa M, Shibata S: Immunohistochemical
expression of the estrogen receptor-related antigen (ER-D5) in human
intracranial tumors. Cancer 1995, 75(10):2571–2578.

24. Longnecker DS: Models of exocrine pancreatic neoplasms in transgenic
mice. Comp Med 2004, 54(1):18–21.

25. Lowy AM: Transgenic models of pancreatic cancer. Int J Gastrointest
Cancer 2003, 33(1):71–78.

26. Wei D, Xiong HQ, Abbruzzese JL, Xie K: Experimental animal models of
pancreatic carcinogenesis and metastasis. Int J Gastrointest Cancer 2003,
33(1):43–60.

27. He Q, Wang X, Zhang X, Han H, Han B, Xu J, Tang K, Fu Z, Yin H: A tissue-
engineered subcutaneous pancreatic cancer model for antitumor drug
evaluation. Int J Nanomedicine 2013, 8(8):1167–1176.

28. Bockman DE, Guo J, Büchler P, Müller MW, Bergmann F, Friess H: Origin
and development of the precursor lesions in experimental pancreatic
cancer in rats. Lab Invest 2003, 83(6):853–859.

29. Jimenez RE, Z'graggen K, Hartwig W, Graeme-Cook F, Warshaw AL,
Fernandez-del CC: Immunohistochemical characterization of pancreatic
tumors induced by dimethylbenzanthracene in rats. Am J Pathol 1999,
154(4):1223–1229.

30. Kimura K, Satoh K, Kanno A, Hamada S, Hirota M, Endoh M, Masamune A,
Shimosegawa T: Activation of Notch signaling in tumorigenesis of
experimental pancreatic cancer induced by dimethylbenzanthracene in
mice. Cancer Sci 2007, 98(2):155–162.
31. Z'graggen K, Warshaw AL, Werner J, Graeme-Cook F, Jimenez RE, Fernández-
del Castillo C: Promoting effect of a high-fat/high-protein diet in DMBA-
induced ductal pancreatic cancer in rats. Ann Surg 2001, 233(5):688–695.

32. Osvaldt AB, Wendt LR, Bersch VP, Backes AN, DeC’assia A, Schumacher R,
Edelweiss MI, Rohde L: Pancreatic intraepithelial neoplasia and ductal
adenocarcinoma induced by DMBA in mice. Surgery 2006, 140(5):803–809.

33. Gahr S, Ocker M, Ganslmayer M, Zopf S, Okamoto K, Hartl A, Leitner S, Hahn
EG, Herold C: The combination of the histone-deacetylase inhibitor
trichostatin A and gemcitabine induces inhibition of proliferation and
increased apoptosis in pancreatic carcinoma cells. Int J Oncol 2007,
31(3):567–576.

34. Donadelli M, Costanzo C, Beghelli S, Scupoli MT, Dandrea M, Bonora A,
Piacentini P, Budillon A, Caraglia M, Scarpa A, Palmieri M: Synergistic
inhibition of pancreatic adenocarcinoma cell growth by trichostatin A
and gemcitabine. Biochim Biophys Acta 2007, 1773(7):1095–1106.

35. Piacentini P, Donadelli M, Costanzo C, Moore PS, Palmieri M, Scarpa A:
Trichostatin A enhances the response of chemotherapeutic agents in
inhibiting pancreatic cancer cell proliferation. Virchows Arch 2006,
448(6):797–804.

36. Donadelli M, Costanzo C, Faggioli L, Scupoli MT, Moore PS, Bassi C, Scarpa
A, Palmieri M: Trichostatin A, an inhibitor of histone deacetylases,
strongly suppresses growth of pancreatic adenocarcinoma cells. Mol
Carcinog 2003, 38(2):59–69.

37. Suzuki T, Yokozaki H, Kuniyasu H, Hayashi K, Naka K, Ono S, Ishikawa T,
Tahara E, Yasui W: Effect of trichostatin A on cell growth and expression
of cell cycle- and apoptosis-related molecules in human gastric and oral
carcinoma cell lines. Int J Cancer 2000, 88(6):992–997.

38. Kokkinakis DM, Ahmed MM, Chendil D, Moschel RC, Pegg AE: Sensitization
of pancreatic tumor xenografts to carmustine and temozolomide by
inactivation of their O6-Methylguanine-DNA methyltransferase with O6-
benzylguanine or O6-benzyl-2'-deoxyguanosine. Clin Cancer Res 2003,
9:3801–3807.

39. Kokkinakis DM, Ahmed MM, Delgado R, Fruitwala MM, Mohiuddin M,
Albores-Saavedra J: Role of O6-methylguanine-DNA methyltransferase in
the resistance of pancreatic tumors to DNA alkylating agents. Cancer Res
1997, 57(23):5360–5368.

40. Kamikozuru H, Kuramochi H, Hayashi K, Nakajima G, Yamamoto M: ERCC1
codon 118 polymorphism is a useful prognostic marker in patients with
pancreatic cancer treated with platinum-based chemotherapy. Int J
Oncol 2008, 32(5):1091–1096.

41. Okada T, Noji S, Goto Y, Iwata T, Fujita T, Okada T, Matsuzaki Y, Kuwana M,
Hirakata M, Horii A, Matsuno S, Sunamura M, Kawakami Y: Immune
responses to DNA mismatch repair enzymes hMSH2 and hPMS1 in
patients with pancreatic cancer, dermatomyositis and polymyositis. Int J
Cancer 2005, 116(6):925–933.

42. Nakata B, Wang YQ, Yashiro M, Ohira M, Ishikawa T, Nishino H, Seki S,
Hirakawa K: Negative hMSH2 protein expression in pancreatic carcinoma
may predict a better prognosis of patients. Oncol Rep 2003, 10(4):997–1000.

doi:10.1186/1477-7819-12-32
Cite this article as: Tan et al.: Expression of DNA-repair proteins and
their significance in pancreatic cancer and non-cancerous pancreatic
tissues of Sprague–Dawley rats. World Journal of Surgical Oncology
2014 12:32.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Animal model
	Macrography and pathological observation
	Immunohistochemical staining of EnVision™
	Statistical analysis

	Results
	Macrography
	Pathological observation
	Expression of MGMT, ERCC1, hMSH2, and hMLH1 in pancreatic ductal adenocarcinoma and non-cancerous pancreatic tissues

	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors' contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


