
EXPRESSION OF CLAUDIN-1, -2, -3, -4, -5, -7, -8, -10 AND -12 
IN BREAST CANCER ANALYZED BY REAL-TIME PCR AND 

IMMUNOHISTOCHEMISTRY

Introduction
Claudins are 22-24 kDa proteins described by
Furuse et al. which contribute to the formation
and function of tight junctions
Members of the claudin gene family are 
differently expressed in healthy tissues and 
various types of tumours. 
According to the literature the investigation of 
claudin patterns lead to unequivocal results.

We examined the expression of 9 claudin 
types in invasive breast carcinomas and their 
normal adjacent tissues (NAT).

Results
1. Real-time PCR
The mRNA expression of
• claudin-1, -2, -3, -4, -5, -8 and -10 were

found to be down-regulated in all tumours
• while claudin-7 and -12 were up-regulated

in carcinomas compared to their NATs

Statistically significant alteration of claudin-
12 was observed in the ductal type of
invasive carcinoma group with both the 
Relative Expression Software Tool XL 
Version 2 (p value 0,001) and the latest 
version of REST-384 (p value 0,003).

2. Immunohistochemistry

• expression of claudin-1 was markedly 
decreased in tumours compared to NATs

• there were no significant differences in 
claudin-2, -3, -4 and -7 expression in the 
majority of invasive ductal breast 
carcinomas as compared to NATs, in 
concordance with the real-time PCR data

• claudin-5 was not only observed in tumour
cells, but in endothelial cells as well

• claudin -8, -10 and -12 
immunohistochemistry is being adjusted
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Materials and methods

1. Real-time PCR
• A total of 23 breast samples: 

• 8 invasive ductal carcinomas, their 8 
NATs

• 3 lobular carcinomas, and 4 NATs

• RNA were isolated from frozen samples 
using TRIreagent (SIGMA, St. Louis, MO, 
USA)

• Claudin-1, -2, -3, -4, -5, -7, -8, -10 and -12 
expression was determined by SybrGreen
real-time PCR

• GAPDH141 was used as reference gene

• The PCR data were analysed with pair-
wise fixed reallocation randomisation test 
as described by Pfaffl et al.

2. Immunohistochemistry
• On a set of 20 samples: invasive ductal

breast carcinomas and their NATs

• Formalin-fixed, paraffin-embedded sections
were examined for their claudin-1, -2, -3, -
4, -5 and -7 expression using streptavidin-
peroxidase procedure

• Target Retrieval Solution (DAKO, 
Carpinteria, CA, USA) was used for
antigen retrieval
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• Using mono- and polyclonal rabbit 
antibodies (Zymed Labs, Invitrogene, 
South San Francisco, CA, USA) with a 
dilution ratio of 1:100

Genes GAPDH141 Cl-1 Cl-2 Cl-3 Cl-4 Cl-5 Cl-7 Cl-8 Cl-10 Cl-12

Control
Means

26,91 32,88 31,599 29,952 32,117 30,55 35,965 29,88 37,163 37,163

Sample
Means

26,316 32,593 31,499 29,809 32,266 30,943 34,093 29,46 37,806 30,779

p-Values 0,645 0,734 0,912 0,912 0,869 0,744 0,292 0,706 0,663 0,001

Immunohistochemical pattern of Claudin-1 (A; 
chromogen: DAB), -2 (B; AEC), -3 (C; AEC), -4 (D; DAB), -
5 (E; AEC) and -7 (F; AEC) in breast carcinomas
/magnification 600x/.

Conclusion
According to our observations, the expression 
of claudin-1, -7 and -12 seem to be different 
in tumours compared to normal breast tissue, 
as demonstrated by real-time PCR. This 
finding may suggest their possible role in 
carcinogenesis. 

The significantly higher expression level of 
claudin-12 requires further investigation.

Immunohistochemical
pattern of Claudin-1 (A; 
chromogen: DAB), -2 (B; 
AEC), -3 (C; AEC), -4 (D; 
VIP), -5 (E; AEC) -7 (F; 
AEC) and -10 (G; DAB) 
in NATs /magnification
600x/.


