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Introduction 

In the last two decades the immunohistochemistry increased the efficiency of the veterinary 

oncopathology, and  macroscopice-microscpoice pathology. This moleculare methods bases 

on the antigen-antibody interaction. Immunohistochemistry can detect the exact, accurate 

diagnosis of the different diseases by analysis, determine of the structural or functional 

proteins, glycoproteins, or complex carbohydrates, and lipids in the cells or extracellular 

space. This molecular pathology procedure is also suitable for the detection of the extent of 

the different pathological process, and the biological parameters of the abnormal cells, which 

are expected decursus and outcome of the disease are closely linked. 

Aims of the study 

The aim of our immunhistochemical study was to characterise the expression pattern of the 

claudin-1, claudin-3, claudin-4, claudin-5 and claudin-7 of the different intact and 

tumoural tissues in dogs with humanized antibodies. Our research based on human external 

and internal (dog) positive controls.  

In the case of reliable cross reaction of these humanized anti-claudin antibodies we wanted 

to continue our study with (a) Tumour diagnostical tests (helper immunhistochemical 

function  of the anti-claudin in pathological diagnostic of the different tumoural tissue from 

dogs); (b) Tumorprogression researches (changes in the claudin-expression during the 

carcinogenesis, tumourprogression in dogs); and (c) Neovascularisatoin, vasoproliferation

tests (pathological tumour-induced neoangiogenesis and non-neoplastic vasoprolifertions in 

dogs).   

Tumour diagnosis.

In the first part of our research we wanted to analyse the cross reaction of the endothelial-

specific anti-claudin-5 antibody in endothelial tumours in dog, and to compare it with other 

endothelial markers such as anti-CD31, von Willebrand factor. 

In the second part of our research we wanted to analyse the cross reaction of the anti-

claudin-7 antibody in cholangiocytes, cholangiocellular non-neoplastic (cholangiocellular 

hyperplasia) and neoplastic proliferative lesions (cholangioma, primary differentiated, poorly 

differentiated cholangiocarcinoma), and in hepatocytes, hepatocellular non-neoplastic and 

primary benign, malignant neoplastic prolifertive lesions, furthermore in extraheptic biliary 

epithelial cells of the dogs.  

The aim of the third part of our research was to characterise the expression pattern of the 

new immunohistochemical marker claudin-1 in canine intact peripheral nerves, canine 

benign peripheral nerve sheath tumours and canine malignant peripheral nerve sheath 

tumours, and different other benign and malignant spindle cell tumours. The second aim of 
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this study was to analyse whether claudin-1 (with other markers) can help to distinguish the 

subgroups of the canine perivascular wall tumours such as hemangiopericytomas, 

myopericytomas,   angioleiomyomas, angioleiomyosarcomas, angiofibromas. 

Based on the results of established and new immunohistochemical panels for reliable 

veterinary cancer diagnostic and prognostic pathology was intended to develop. 

Tumourprogression.

In the next part of our research we wanted to analyse the claudin-1, -3, -4, -5 and -7

expression pattern in canine benign and malignant simple mammary gland tumours, canine  

low grade colorectal adenocarcinoma, canine pancreatic exocrine acinar cell carcinoma, and 

canine perianal (hepatoid-cell) tumours.   

Angiogenesis research.

In this part of our study we wanted to analyse the tumour-induced neoangiogenesis, and 

microvessel density in canine simple mammary gland adenomas, primary and secondary 

carcinomas, complex carcinomas with endothelial-specific anti-claudin-5 antibody, 

furthermore we wanted to investigate the invasion (tumour cell intravasation, 

tumourembolisation) of the peritumoural (pericarcinomatosus) lymphatic channels in 

mammary gland carcinomas; artrioal hyperplasias in liver tissues (biopsy samples from dogs 

with portal hypertension); and chronic inflammation-induced arteriolar hyperplasia.

Materials and methods 

Canine tissue biopsy and necropsy samples were collected between 2004 and 2011 at Szent 

István University, Faculty of Veterinary Medicine, Department of Pathology and Forensic 

Veterinary Medicine (Budapest, Hungary).  

The samples were fixed in 8% neutral buffered formalin for 24 hours at room temperature, 

dehydrated in a series of ethanol and xylene, and embedded in paraffin. The 3-4 !m thick 

sections were routinely stained with hematoxylin and eosin (H&E).  

For immunohistochemistry 3-4 !m thick sections were cut. The slides for the 

immunohistochemical reactions were deparaffinized in xylene and graded ethanol. The 

deparaffinized sections were treated with primary antibody for 60 minutes at room 

temperature after treatment with appropriate antigen retrieval (Target Retrieval Solution, 

DAKO, Glostrup, Denmark; pH 6; microwave - 800W - oven for 30 minutes). 

Immunohistochemical staining was performed using the streptavidin-peroxidase technique. 

Antigen-bound primary antibody was detected using standard avidin-biotin 

immunoperoxidase complex (DAKO, LSAB2 Kit). The chromogen substrate was 3,3 - 

diaminobenzidine tetrahydrochloride (DAB substrate-chromogen, DAKO, Denmark). Mayer’s 

hemalaun was used for counter-staining. The reactions were carried out in a Ventana ES 
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automatic immunostainer (Ventana Medical System Inc., Tucson, AZ, USA) using the 

reagents provided by the manufacturer.  

1. anti-claudin-1 (polyclonal rabbit, 1:100, Zymed Inc.)

2. anti-claudin-3 (polyclonal rabbit, 1:80, Zymed Inc.)

3. anti-claudin-4 (monoclonal rabbit, 1:100, Zymed Inc.)

4. anti-claudin-5 (monoclonal mouse, 1:100, Zymed Inc.)

5. anti-claudin-7 (polyclonal rabbit, 1:80, Zymed Inc.)

6. anti-CD31 (monoclonal rabbit, 1:80, DAKO)  

7 anti-von-Willebrand faktor (vWF) (monoclonal mouse, 1:50, DAKO)  

8. anti-vimentin (monoclonal mouse, 1:200, DAKO)  

9. anti-!-smooth muscle actin ("-SMA) (monoclonal mouse, 1:8000, Sigma)  

10. anti-S-100 protein (polyclonal rabbit, 1:50, DAKO)  

11. anti-neuron specific enolase (NSE) (monoclonal mouse, 1:100, DAKO)  

12. anti-Melan-A  (monoclonal mouse, 1:50, DAKO)  

13. anti-cytokeratin AE1-AE3 (monoclonal mouse, 1:100 hígítás, DAKO) 

14. anti-heavy caldesmon (monoclonal mouse, 1:50, DAKO) 

15. anti-calponin (monoclonal mouse, 1:30,000, Sigma) 

16. anti-desmin (monoclonal mouse, 1:400, Novocastra) 

New scientific results 

1. The indirect immunohistochemical studies demonstrated that the humanized anti-claudin-

1, -3, -4, -5 and -7 antibodies cross-react with intact, tumors and inflammatory tissues from 

dogs and we separated a reliable internal positive controls.

2. It was confirmed that anti-claudin-5 antibody produced for use in human histopathology 

might be applied in veterinary pathology, especially in canine pathology. In summary, our 

results show that the claudin-5 protein could be used as a new marker with greater sensitivity 

as compared to vWf, and CD31, and could also be of a diagnostic value in the differential 

diagnosis of canine HSAs from other sarcomas with hemorrhages or increased 

vascularisation. In the non-vascular canine tumours the endothelial cells of intra-, and 

peritumoural vessels stained very strongly for claudin-5, which was easy to use as an 

internal positive control. Moreover, claudin-5 can help with other immunhistochemical 

markers, to differentiate between splenic hematomas induced by splenic hemangiomas, or 

HSAs, and the canine splenic hematomas induced by non-neoplastic and non-vascular 
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neoplastic splenic lesions in canines. The result of this study showed that 

immunohistochemical detection of the claudin-5 protein had a higher sensitivity, especially 

regarding solid type, poorly differentiated tumours than CD31 and vWf antigen in case of 

canine HSAs.  

3. Our results showed that claudin-7 is an excellent immunohistochemical marker of the 

cholangiocellular differentiation in canines and can be used to detect benign and malignant 

proliferative lesions of the canine biliary epthelial cells. It could also be of diagnostic value in 

the differential diagnosis of canine cholangiocarcinomas from cnine hepatocarcinomas. 

Our present immunohistochemical study, which is based on humanized antibodies, 

suggested a new immunohistochemical panel for the correct differential diagnosis between 

canine peripheral nerve sheath tumours and other spindle-shaped cell canine tumours, 

particulary in small biopsy specimens.  This immunohistochemical panel consists of the 

following eleven antibodies: anti-claudin-1, anti-neuron specific enolase, anti-S-100 protein,

anti-!-smooth muscle actin, anti-heavy caldesmon, anti-calponin, anti-desmin, ant-vimentin,

anti-cytokeratin AE1-AE3, anti-claudin-5 and anti-Melan-A. We have detected claudin-1 

expression in canine intact perineurial cells, and also in canine neurofibromas and 

perineuriomas, canine malignant peripheral nerve sheath tumours containing perineurial 

cells, pericytomas, myopericytomas, squamous cell carcinomas and complex carcinomas. 

These findings suggest that claudin-1 can serve as a novel marker, and in combination with 

other antibodies, enables correct pathological diagnosis of canine fusocellular tumours, and 

that claudin-1 with other markers can help the differential diagnosis of canine fusocellular 

tumors. We have found claudin-1, -3, -4, -5, and -7, to be a constitutive components of the 

normal mammary gland epithelium of canine, where they are localized mainly close to the 

lateral regions of the cells.  Our results suggested that loss of expression of claudin-1, -2, -5 

or -7 may lead to cellular disorientation, detachment and invasion of canine mammary 

tumours.  

Claudin-1 is not expressed in the epithelium of canine normal colorectal mucosa, but 

increased expression of this protein is observed in canine low grade colorectal 

adenocarcinoma. Consequently, we hypothesized that claudin-1 plays a role in the 

progression of canine colorectal carcinoma. The canine intact colorectal epithelium showed 

diffuse punctate positivity for claudin-3 and claudin-4 molecules, and the low grade colorectal 

cancer overexpressed the claudin-3 protein. The tumours showed a lower claudin-4 

expression and this result suggests that reduced expression of claudin-4 molecule may lead 

to cellular disorientation, detachment and invasion of canine colorectal cancers. The 

epithelial cells of the canine normal colorectal mucosa showed a diffuse lateral membranous 

positivity for claudin-7, and the tumours overexpressed this claudin. More than 50 % of 

canine low grade cancer showed a lateral membrane and cytoplasmic positivity for claudin-7 
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molecule. Further functional studies are needed to clarify the biological role of 

overexpression and mislocalisation of claudin-7 in tumours. 

4. We have found claudin-1, -3, -4, -5, and -7, to be a constitutive components of the normal 

perianal (hepatoid-cell) gland of canine.  We hypothesized that claudin-1 plays a role in the 

carcinogenesis of canine hepatoid glands. We have found claudin-1, -3, -4, -5, and -7, to be 

a constitutive components of the intact acinar cells of the pancreas. We hypothesized that 

loss of claudin-1, -3, -4 and -5  plays a role in the carcinogenesis of canine pancreatic 

exocrine acinar cell. The investigations performed with humanized anti-claudin-1 antibodies 

revealed that in the healthy canine liver the first 5-6 periportal liver cell layers (I. acinar zone) 

show intense membrane positivity. For the pathological analysis of the canine chronic active 

hepatitis (interface hepatitis) the authors suggest the introduction of a novel grading system 

based on the loss of claudin-1 expression. Further investigations are needed to verify the 

role of claudin-1 molecule in the development of the canine hepatic tumors. The cellular 

components of the canine intact liver were negative for claudin-3 and -4 molecules.

5. We have investigated the pathological neoangiogenesis in the chronic inflammation from 

a canine skin biopsies, with a anti-claudin-5 antibody. The endothelial cells of the newly 

formed microvessels showed a intense membrane-bound positivity for claudin-5. In  canine 

liver biopsy samples with portal vein hypoperfusion, we detected by humanized claudin-5 

endothelial marker the increased in the number of arterioles of the portal areas. In our 

investigation, angiogenesis was evaulated and quantified by immunohistochemical 

evaluation of microvessel density using claudin-5 in canine mammary gland tumours. 

Computer image analysis was used to measure the intratumoural MVD. Higher intratumoural 

MVD was detected in malignant simple neoplasms compared to benign tumours. Solid 

simplex mammary carcinomas with prominent peritumoral lymph vessel invasion turned out 

to be negative for claudin-5 in all reactions, while the positive claudin-5 reaction was 

observed in the endothelial cells of the lymph vessels containing the tumor-emboli.
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