
Summary. Aims: Claudins, integral membrane proteins
are components of the tight junction structures between
epithelial and endothelial cells. These transmembrane
proteins create a primary barrier to prevent paracellular
transport of solutes, and also restrict the lateral diffusion
of membrane lipids and proteins to maintain the cellular
polarity. The aim of the present study was to characterise
the expression pattern of claudin-4 tight junction
molecule in canine normal pancreatic tissues and in the
well-differentiated and poorly-differentiated pancreatic
acinar cell carcinomas in canines.

Methods and results: The necropsy samples included
canine intact pancreatic tissues, and canine well-
differentiated and poorly-differentiated pancreatic acinar
cell carcinomas samples. Claudin-4 was detected as an
intense lateral membrane labelling of acinar cells in all
intact pancreatic tissues. The intact epithelial cells of the
different ducts were negative for the claudin-4 molecule.
All primary and secondary canine well-differentiated
exocrine pancreatic acinar cell carcinoma tissues showed
intense apical lateral positivity for the claudin-4
molecule. All primary and secondary poorly-
differentiated pancreatic acinar cell carcinoma tissues
showed diffusely the loss of claudin-4 expression. 

Conclusion: Consequently, we hypothesize that the
loss of expression of claudin-4 plays a role in the
progression of canine pancreatic acinar cell carcinoma
and may lead to cellular detachment, disorientation and
invasion of these pancreatic cancers. Furthermore,
claudin-4 can be used as an immunohistochemical
marker to distinguish canine well-differentiated and
undifferentiated exocrine pancreatic acinar cell
carcinomas. 
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Introduction

Malignant tumours of the exocrine pancreas
(pancreatic acinar cell carcinoma) have been reported in
domestic animals such as canine (Anderson and
Johnson, 1967; Rowlatt, 1967; Chang et al., 2007;
Dennis et al., 2008), feline (Priester, 1974; Seaman,
2004), horse (Rowlatt, 1967; Priester, 1974), cattle
(Rowlatt, 1967; Priester, 1974), swine (Anderson et al.,
1956), guinea fowl (Toshkov et al., 1991), guinea pig
(Reddy and Rao, 1975) and in experimental or exotic
animals such as rat (Parsa et al., 1981), mouse (Plentz et
al., 2009) and ferret (Whittington et al., 2006). The
canine exocrine pancreatic acinar cell carcinoma can be
divided into two main groups from a histological point
of view: (1) well-differentiated and (2) poorly-
differentiated (undifferentiated) carcinomas (Anderson
and Johnson, 1967; Rowlatt, 1967; Head et al., 2002).
Dennis et al. (2008) described a distinct variant of canine
exocrine pancreatic carcinoma which was diagnosed in 6
dogs. These tumours were termed hyalinizing pancreatic
adenocarcinoma (Dennis et al., 2008). 

Claudins are a family of about 17–27 kDa integral
membrane tight junction proteins which determine the
size of molecules that can pass through the paracellular
space in epithelial, mesothelial and endothelial tissues
(Furuse et al., 1998). Claudin-4 tight junction integral
protein consists of 209 amino acids and contains four
putative transmembrane segments (Katahira et al.,
1997). Claudin-3 and -4 are the receptors of Clostridium
perfringens enterotoxin (Katahira et al., 1997; Morita et
al., 1999), which is able to directly and rapidly lyse
mammalian cells (McClane et al., 1988), suggesting that
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these molecules can be evaluated as a possible
therapeutic target to claudin-3 or/and -4 expressing
epithelial tumours (Hough et al., 2000; Long et al., 2001;
Michl et al., 2001). Claudin-4 has been utilized to
differentially diagnose mesotheliomas from carcinomas
and other tumour types such as serosal metastasis of the
lung, breast, gastrointestinal tract, pancreas, ovary gland
carcinomas and primary serous papillary carcinoma of
peritoneum (Facchetti et al., 2007). There are several
humanized immunohistochemical markers cross reactive
with the same animal antigens (Frost et al., 2000; Rhind,
2002). The cross-reactive humanized anti-claudin
antibodies can help the correct pathological differential
diagnosis of different canine neoplastic lesions (Jakab et
al., 2008b, 2009a,b, 2010b). Previous veterinary studies
based on immunohistochemical analysis by humanized
anti-claudin-4 antibody described that claudin-4 is
expressed in different canine intact epithelial tissues,
such as the luminal cells of the mammary gland lobules
and ducts (Jakab et al., 2008a), the apocrine cells and
duct epithelial cells in the sweat glands, the sebocytes
and duct cells in the sebaceous glands (Jakab et al.,
2008c), in the surface and crypt epithelial cells of the
intact colorectal mucosa (Jakab et al., 2010a), and in
canine normal hepatoid gland cells (Jakab et al., 
2009b).

The aim of the present study was to evaluate the
immunohistochemical detection of the claudin-4
molecule in formalin fixed paraffin-embedded canine
intact pancreatic tissues, and well-differentiated, and
poorly-differentiated exocrine pancreatic acinar cell
carcinomas. To our knowledge, this is the first study that
has examined claudin-4 molecule expression in canine
intact pancreatic tissues and canine well-differentiated
and poorly differentiated exocrine pancreatic acinar cell
carcinomas by humanized anti-claudin-4 antibody.
Materials and methods

Histopathology

A total of 40 necropsy samples of canine pancreas
were collected at Szent István University, Faculty of
Veterinary Science, Department of Pathology and
Forensic Veterinary Medicine between 2002 and 2010.
We investigated 10 canine intact pancreatic samples
collected during necropsy from 6 females and 4 males
with an average age of 6.4 years (range: 4-10 years). The
canine well-differentiated exocrine pancreatic acinar cell
carcinoma samples (n=10) were collected from 2
females and 8 males with an average age of 11 years
(range: 8-14 years). The canine poorly- differentiated
exocrine pancreatic acinar cell carcinoma samples
(n=10) were collected from 5 females and 5 males with
an average age of 10,1 years (range: 8-16 years).
Furthermore we investigated 5 intrahepatic metastases of
well-differentiated and 5 intrahepatic metastases of
poorly-differentiated acinar cell carcinomas.

Immunohistochemistry

All samples were fixed in 8% neutral buffered (in
PBS, pH 7.0) formaldehyde solution for 24 hours at
room temperature, dehydrated in a series of ethanol and
xylene and embedded in paraffin. 3-4 Ìm thick sections
were cut, and routinely stained with haematoxylin and
eosin. The slides for the humanized claudin-4
immunohistochemical reaction were deparaffinized in
xylene and graded ethanol. The deparaffinized sections
were treated with primary antibody humanized claudin-4
(diluted 1:100, mouse monoclonal, Zymed Inc., San
Francisco, CA, USA) for 60 minutes at room
temperature after treatment with appropriate antigen
retrieval (Target Retrieval Solution, DAKO, Glostrup,
Denmark, pH 6; microwave oven for 30 minutes).
Immunohistochemical staining was performed using the
streptavidin-peroxidase procedure. Antigen-bound
primary antibody was detected using standard avidin-
biotin immunoperoxidase complex (DAKO LSAB2 Kit).
The chromogen substrate was aminoethylcarbazol
(AEC). Mayer’s haemalaun was used for counter-
staining. Negative control was performed by the
omission of the primary antibody. The external positive
control was the low grade colorectal adenocarcinoma
from a canine (Jakab et al., 2010a). The staining pattern
was intense membranous. 

Ten randomly selected areas of each slides were
analysed by two independent pathologists (CSJ, JK) at
high magnification (x400) with one hundred cells
counted per field. Cross reactions were scored positive
where linear membrane staining was seen. 
Results

Claudin-4 was detected as an intense, lateral
membrane labelling of acinar cells in all canine intact
pancreas samples (Fig. 1A,B). In all canine normal
pancreatic tissues the endocrine cells of the islet of
Langerhans (Fig. 1C), the epithelial cells of the different
ducts (Fig. 1D) and the stromal cells, the endothelial
cells and lipocytes did not show positivity for the
claudin-4 molecule (internal negative controls for the
claudin-4). 

All neoplastic acinar cells of canine well-
differentiated pancreatic acinar cell carcinomas showed
an intense, apical and lateral positivity for the claudin-4
molecule in the absence of intra-cytoplasmic positivity
(Fig. 2A,B). All poorly-differentiated pancreatic acinar
cell carcinoma samples showed diffusely the loss of
claudin-4 expression. The pericarcinomatous normal
exocrine pancreatic tissues were the internal positive
controls in these samples (Fig. 2C,D). The hepatic
metastases of well-differentiated acinar cell carcinomas
showed an intense apical lateral positivity for the
claudin-4, but the poorly-differentiated carcinoma cells
were diffusely claudin-4 negative. The healthy liver
cells, the biliary epithelial cells of the bile ducts, the
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Fig. 1. A. Immunohistochemical labelling for claudin-4 demonstrated as an intense, membranous labelling of the canine intact acinar cells of the
pancreas. B. Higher magnification. C. Absence of claudin-4 expression in the cells of the islet of Langerhans (asterisk) in the canine intact pancreatic
tissue. D. The intact epithelial cells of the ducts (arrow) were negative for this claudin. IH. A, D, x 200; B, C, x 400

Table 1. Summary of claudin-4 expression in canine and human hepatobiliary-pancreatic tissues and tumours.

Tissue/cell type/Tumour type Canine expression Human expression Authors of human literature

Hepatocytes - - Lódi et al., 2006.
Biliary ducts - + Lódi et al., 2006.
Hepatocellular carcinoma Not done - Lódi et al., 2006.
Biliary duct carcinoma Not done + Lódi et al., 2006.
Pancreatic exocrine acini + + Tsukahara et al., 2005.
Pancreatic ducts - + Tsukahara et al., 2005.
Pancreatic Langerhans islets - - Tsukahara et al., 2005.
Pancreatic carcinoma + (well-differentiated acinar carcinoma +/- (acinar carcinoma in some reports Katalin B., 2009; 

is positive, but the poorly-differentiated is negative while adenocarcinoma is Hewitt et al., 2006; 
cancer is negative) positive but do not specify acinar or tubular) Ouban and Ahmed, 2010.

Pancreatic ductal carcinoma Not available* + (92%) Tsukahara et al., 2005.

*Spontaneous pancreatic ductal adenocarcinoma (like human pancreatic ductal adenocarcinoma) and pancreatic intraepithelial neoplasias have not
been reported in canine.



portal fibroblasts and the endothelial cells never
expressed the claudin-4 molecule (internal negative
controls for the claudin-4).
Discussion

Exocrine pancreatic carcinoma could derive from
ductal epithelium or from acinar cells. Human pancreatic
acinar cell carcinoma is a rare tumoural lesion,
accounting for only about 1-2 % of all exocrine
pancreatic neoplasms. This tumour most frequently
occurs in middle-aged or elderly Caucasian men. Four
histopathological groups of growth pattern have been
described: acinar, solid, trabecular and glandular
(Klimstra et al., 1992). The neoplastic cells resemble
intact pancreatic acinar cells. Immunhistochemically,
pancreatic acinar cell carcinoma recapitulates the
secretory products of intact pancreatic acinar cells,
including frequent production of digestive enzymes such
as trypsin, lipase, chymotripsin, and amylase (Caruso et

al., 1994). Banner et al. (1978) described that a canine
exocrine pancreatic carcinoma is not a good model for a
human exocrine pancreatic ductal carcinoma, because
the most common canine exocrine pancreatic carcinomas
are derived from acinar cells not from ductal epithelial
cells. This means that in contrast to exocrine pancreatic
ductal carcinomas the acinar variety of canine pancreatic
carcinomas is more common in these species than
previously thought (and than in human patients) and
canine acinar cell carcinoma may serve as a model for
human acinar cell carcinoma (Banner et al., 1978; Chang
et al., 2007). However, based on the current results and
on the human literature, claudin-4 expression shows
differences among human and canine tissues (Table 1.).
The pancreatic ductal carcinoma is the most important
and constitutes the vast majority (more than 85 %) of
human pancreatic tumours. Human oncopathology
divides the ductal carcinoma of the exocrin pancreas into
a well-differentiated and a poorly-differentiated type
(Morohoshi et al., 1983). In the veterinary oncology,
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Fig. 2. A, B.The well-differentiated exocrine pancreatic carcinomas from canine showed intense apical lateral positivity for claudin-4. C, D. Solid island
of the claudin-4 negative canine poorly-differentiated exocrine pancreatic carcinoma (left upper part of the picture) with pericarcinomatous claudin-4
positive exocrine pancreatic tissue (right lower part of the picture). IH. A, C, x 200; B, D, x 400



primary pancreatic ductal carcinomas have not been
described in canines. This tumour was only
experimentally induced by the administration of
different carcinogenic material, such as N-ethyl-N’-
nitro-N-nitrosoguanidine, through the drainage tube
inserted into the pancreatic duct (Kamano et al., 1988).

In the present study we describe that in all canine
intact pancreatic samples the pancreatic acinar cells (first
type of the exocrine cells of the pancreas) showed
diffuse high intense membranous claudin-4 positivity.
Borka et al. (2007) described that claudin-4 protein was
expressed in the acinar cells of the normal human
pancreatic tissues (similar to our result) as well as in the
epithelial cells of the healthy pancreatic ducts (second
type of the exocrine cells of the pancreas). However, the
endocrine cells of the islet of Langerhans were claudin-4
negative. They used a similar anti-claudin-4 antibody
(mouse monoclonal, Zymed Inc., San Francisco, CA,
USA) as we did and a similar dilution (1:100) to ours
(Borka et al., 2007). Contrary to the result of the human
study, in which the epithelial cells of the normal
pancreatic ducts expressed the claudin-4 protein (Borka
et al., 2007), the epithelial cells of canine normal
pancreatic ducts were negative for claudin-4. This is the
first difference in claudin-4 expression pattern between
human and canine intact pancreas. In the present study
100 % of the intact duct epithelial cells showed diffuse
claudin-4 negativity. It seems that the claudin-4
molecule is not a constitutive component of the tight
junction structures in epithelium of the canine healthy
pancreatic ducts. In human studies (Borka et al., 2007)
and in the present veterinary studies the endocrine cells
were negative for claudin-4 protein.

Banner et al. (1978) studied canine pancreatic acinar
cell carcinomas by electron microscopy. They described
that there was a decrease in the number and size of gap
junctions; focal proliferation, fragmentation, and
discontinuation of the tight junctions in these carcinomas
compared with normal acinar cells (Banner et al., 1978).
Alroy et al. (1978) described that the neoplastic cells of
the canine exocrine pancreatic carcinomas displayed
proliferation and fragmentation of tight junctions and
reduction in size and number of gap junctions (Alroy et
al., 1978). Claudin-4 tight junction molecule is
expressed strongly in benign and malignant tumours of
canine mammary gland, especially in the case of primary
in situ and infiltrating simple carcinomas (Jakab et al.,
2008a), in the secondary simple carcinomas of
mammary gland (Jakab et al., 2009c), in benign and
malignant hepatoid gland neoplastic lesions (Jakab et al.,
2009b) and in low grade colorectal adenocarcinomas
(Jakab et al., 2010a). Here we describe that all primary
and secondary canine well-differentiated exocrine
pancreatic acinar cell carcinomas showed intense
claudin-4 positivity without cytoplasmic positivity and it
localized specifically to the region of the tight junction,
but all primary and secondary poorly-differentiated
pancreatic acinar cell carcinoma samples showed
diffusely the loss of claudin-4 expression. Human
studies have described that pancreatic acinar cell

carcinomas show negativity for claudin-4 (Borka et al.,
2007). In epithelial neoplastic cells, the formation of
tight junctions and adherent junctions has been shown to
reduce invasive potential (Rajasekaran et al., 1991). Our
result suggests that the loss of expression of claudin-4
may lead to cellular detachment, disorientation and
invasion of canine pancreatic acinar cell c arcinomas.
Furthermore claudin-4 can be used as an
immunohistochemical differentiation marker between
canine well-differentiated and undifferentiated
pancreatic acinar cell carcinomas.
Acknowledgements. We would like to thank Renáta Pop and Magdolna
Pekár for their assistance with the immunohistochemical reactions and
Péter Szabára for his help in the construction of figures.

References

Alroy J., Banner B.F., Pauli B.U. and Leav I. (1978). Alterations of
intercellular junctions in acinic cell carcinoma of the canine
pancreas. Virchows Arch. (B). 28, 21-30.

Anderson N.V. and Johnson K.H. (1967). Pancreatic carcinoma in the
dog. J. Amer. Vet. Med. Assoc. 150, 286-295.

Anderson W.A., Davis C.L. and Monlux A.W. (1956). A survey of tumors
occurring in cattle, sheep, and swine. Am. J. Vet. Res. 17, 646-677.

Banner B.F., Alroy J., Pauli B.U. and Carpenter J.L. (1978). An
ultrastructural study of acinic cell carcinomas of the canine
pancreas. Am. J. Pathol. 93, 165–182.

Borka K., Kaliszky P., Szabó E., Lotz G., Kupcsulik P., Schaff Z. and
Kiss A. (2007). Claudin expression in pancreatic endocrine tumors
as compared with ductal adenocarcinomas. Virchows Arch. 450,
549-557.

Caruso R.A., Inferrera A., Tuccari G., Barresi G. (1994). Acinar cell
carcinoma of the pancreas. A histologic, immunocytochemical and
ultrastructural study. Histol. Histopathol. 9, 53-58.

Chang S.C., Liao J.W., Lin Y.C., Liu C.I. and Wong M.L. (2007).
Pancreatic acinar cell carcinoma with intracranial metastasis in a
dog. J. Vet. Med. Sci. 69, 91-93.

Dennis M.M., O'Brien T.D., Wayne T., Kiupel M., Williams M. and
Powers B.E. (2008). Hyalinizing pancreatic adenocarcinoma in six
dogs. Vet. Pathol. 45, 475-483.

Facchetti F., Lonardi S., Gentili F., Bercich L., Falchetti M., Tardanico
R., Baronchelli C., Lucini L., Santin A. and Murer B. (2007). Claudin
4 identifies a wide spectrum of epithelial neoplasms and represents
a very useful marker for carcinoma versus mesothelioma diagnosis
in pleural and peritoneal biopsies and effusions. Virchows Arch. 3,
669-680.

Frost A.R., Sparks D. and Grizzle W.E. (2000). Methods of antigen
recovery vary in their usefulness in unmasking specific antigens in
immunohistochemistry. Appl. Immunohistochem. Mol. Morphol. 8,
236-243.

Furuse M., Fujita K., Hiiragi T., Fujimoto K. and Tsukita S. (1998).
Claudin-1 and -2: novel integral membrane proteins localizing at
tight junctions with no sequence similarity to occludin. J. Cell Biol.
141, 1539-1550.

Head K.W., Else R.W. and Dubielzig R.R. (2002). Tumors of the
alimentary tract. in: Tumors in domestic animals. Fourth edition.
Meuten D.J. (ed.) Iowa State Press pp 479-481.

Hewitt K.J., Agarwal R. and Morin P.J. (2006). The claudin gene family:

1125
Claudin-4 expression in canine pancreatic cancer



expression in normal and neoplastic tissues. BMC Cancer 6, 186-
187.

Hough C.D., Sherman-Baust C.A., Pizer E.S., Montz F.J., Im D.D.,
Rosenshein N.B., Cho K.R., Riggins G.J. and Morin P. J. (2000).
Large-scale serial analysis of gene expression reveals genes
differentially expressed in ovarian cancer. Cancer Res. 60, 6281-
6287. 

Jakab Cs., Halász J., Szász A.M., Batmunkh E., Kiss A., Schaff Zs.,
Rusvai M., Gálf i  P. and Kulka J. (2008a). Expression and
localisation of claudin-1, -2, -3, -4, -5, -7 and -10 proteins in the
normal canine mammary gland. Acta Vet. Hung. 56, 341-352.

Jakab Cs., Halász J., Szász A.M., Kiss A., Schaff Zs., Rusvai M., Gálfi
P. and Kulka J. (2008b). Expression of claudin-1, -2, -3, -4, -5, and -
7 proteins in benign and malignant canine mammary gland epithelial
tumours. J. Comp. Pathol. 139, 238-245. 

Jakab Cs., Halász J., Kiss A., Szász A.M., Schaff Zs., Rusvai M. and
Kulka J. (2008c). Use of external positive controls in claudin-
expression immunohistochemical examination [in Hungarian, with
English abstract and figures]. Magyar Állatorvosok Lapja 130, 433-
438.

Jakab Cs., Halász J., Kiss A., Schaff Zs., Rusvai M., Gálfi P., Abonyi
T.Zs. and Kulka J. (2009a). Claudin-5 protein is a new differential
marker for histopathological differential diagnosis of canine
hemangiosarcoma. Histol. Histopathol. 24,  801-813.

Jakab Cs., Rusvai M., Szabó Z., Szabára Á. and Kulka J. (2009b).
Expression of the claudin-4 molecule in benign and malignant
canine hepatoid gland tumours. Acta Vet. Hung. 57, 463-475.

Jakab Cs., Szász A.M., Kiss A., Schaff Zs., Rusvai M., Szabára Á. and
Kulka J. (2009c). Claudin-expression studies in lung metastases of
canine solid mammary gland carcinomas [in Hungarian, with English
abstract and figures]. Magyar Állatorvosok Lapja 131, 33-41.

Jakab Cs., Rusvai M., Gálfi P., Szabó Z., Szabára A. and Kulka J.
(2010a). Expression of claudin-1, -3, -4, -5 and -7 proteins in low
grade colorectal carcinoma of canines. Histol. Histopathol. 25, 55-
62.

Jakab Cs., Kiss A., Schaff Zs., Szabó Z., Rusvai M., Gálfi P., Szabára
Á., Sterczer Á. and Kulka J. (2010b). Claudin-7 protein differentiates
canine cholangiocarcinoma from hepatocellular carcinoma. Histol.
Histopathol. 25, 854-864.

Kamano T., Azuma N., Katami A., Tamura J., Sakakibara N.,
Matsumoto M., Mizumoto K., Kitazawa S. and Konishi Y. (1988).
Preliminary observation on pancreatic duct adenocarcinoma induced
by intraductal administration of N-ethyl-N'-nitro-N-nitrosoguanidine in
dogs. Jpn. J. Cancer Res. 79, 1-4.

Katahira J., Inoue N., Horiguchi Y., Matsuda M. and Sugimoto N.
(1997). Molecular cloning and functional characterization of the
receptor for Clostridium perfringens enterotoxin. J. Cell Biol., 136,
1239-1247.

Katalin B. (2009). Claudin expression in different pancreatic cancers
and its significance in differential diagnostics. Magy. Onkol. 6, 273-
278.

Klimstra D.S., Heffess C.S., Oertel J.E. and Rosai J. (1992). Acinar cell
carcinoma of the pancreas. A clinicopathologic study of 28 cases.
Am. J. Surg. Pathol. 16, 815-837.

Lódi C., Szabó E., Holczbauer A., Batmunkh E., Szíjártó A., Kupcsulik
P., Kovalszky I., Paku S., Illyés G., Kiss A. and Schaff Zs. (2006).
Claudin-4 differentiates biliary tract cancers from hepatocellular
carcinomas. Mod. Pathol. 3, 60-69.

Long H., Crean C.D., Lee W.H., Cummings O.W. and Gabig T.G.
(2001). Expression of Clostridium perfringens enterotoxin receptors

claudin-3 and claudin-4 in prostate cancer epithelium. Cancer Res.
61, 7878-7881. 

McClane B.A., Hanna P.C. and Wnek A.P. (1988). Clostridium
perfringens enterotoxin. Microb. Pathogen. 4, 317-323.

Michl P., Buchholz M., Rolke M., Kunsch S., Lohr M., McClane B.,
Tsukita S., Leder G., Adler G. and Gress T.M. (2001). Claudin-4: a
new target for pancreatic cancer treatment using Clostridium
perfringens enterotoxin. Gastroenterology 121, 678-684.

Morita K., Furuse M., Fujimoto K. and Tsukita S. (1999). Claudin
multigene family encoding four-transmembrane domain protein
components of tight junction strands. Proc. Natl. Acad. Sci. USA 96,
511-516.

Morohoshi T., Held G. and Klöppel G. (1983). Exocrine pancreatic
tumours and their histological classification. A study based on 167
autopsy and 97 surgical cases. Histopathology 7, 645-661.

Nichols L.S., Ashfaq R. and Iacobuzio-Donahue C.A. (2004). Claudin 4
protein expression in primary and metastatic pancreatic cancer:
support for use as a therapeutic target. Am. J. Clin. Pathol. 121,
226-230.

Ouban A. and Ahmed A.A. (2010). Claudins in human cancer: a review.
Histol. Histopathol. 25, 83-90.

Parsa I., Marsh W.H. and Sutton A.L. (1981). An in vitro model of
human pancreas carcinogenesis: effects of nitroso compounds.
Cancer 47, 1543-1551.

Plentz R., Park J.S., Rhim A.D., Abravanel D., Hezel A.F., Sharma S.V.,
Gurumurthy S., Deshpande V., Kenific C., Settleman J., Majumder
P.K., Stanger B.Z. and Bardeesy N. (2009). Inhibition of gamma-
secretase activity inhibits tumor progression in a mouse model of
pancreatic ductal adenocarcinoma. Gastroenterology 136, 1741-
1749.

Priester W.A. (1974). Data from eleven United States and Canadian
colleges of veterinary medicine on pancreatic carcinoma in domestic
animals. Cancer Res. 34, 1372-1375.

Rajasekaran S.A., Palmer L.G., Quan K., Harper J.F., Ball W.J., Bander
N.H., Peralta Soler A. and Rajasekaran A.K. (1991). Na, K-ATPase
ß-subunit is required for epithelial polarization, suppression of
invasion, and cell motility. Mol. Biol. Cell.

Reddy J.K. and Rao M.S. (1975). Pancreatic adenocarcinoma in inbred
guinea pigs induced by n-methyl-N-nitrosourea. Cancer Res. 35,
2269-2277.

Rhind S.M. (2002). Veterinary oncological pathology: current and future
perspectives. Vet. J. 163, 7-18.

Rowlatt U. (1967). Spontaneous epithelial tumors of the pancreas of
mammals. Brit. J. Cancer 21, 82-107.

Seaman R.L. (2004). Exocrine pancreatic neoplasia in the cat: a case
series. J. Am. Anim. Hosp. Assoc. 40, 238-245.

Toshkov I., Kirev T. and Bannasch P. (1991). Virus-induced pancreatic
cancer in guinea fowl. An electron-microscopical study. Int. J.
Pancreatol. 10, 51-64.

Tsukahara M., Nagai H., Kamiakito T., Kawata H., Takayashiki N., Saito
K. and Tanaka A. (2005). Distinct expression patterns of claudin-1
and claudin-4 in intraductal papillary-mucinous tumors of the
pancreas. Pathol. Int. 2, 63-69.

Whittington J.K., Emerson J.A., Satkus T.M., Tyagi G., Barger A. and
Pinkerton M.E. (2006). Exocrine pancreatic carcinoma and
carcinomatosis with abdominal effusion containing mast cells in a
ferret (Mustela putorius furo). Vet. Clin. North Am. Exot. Anim. Pract.
9, 643-650.

Accepted January 26, 2011

1126
Claudin-4 expression in canine pancreatic cancer


