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Abstract In the past few decades an enormous amount of
data became known to clarify the molecular composition
and architecture of tight junctions (TJs). Despite the efforts,
the expression and function of several TJ genes and proteins
in breast carcinoma are still not known and some of the data
are contradictory. The expression of forty-four TJ associated
genes was examined at mRNA level in eighteen invasive
ductal breast carcinoma samples and corresponding normal
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breast tissues by using low density array PCR. Expressions
of claudins (CLDNGs) 5, 10, 16, 17, and 18, and ZO-1, ZO-2
were evaluated by immunohistochemistry as well. Using
immunohistochemical phenotype as a surrogate for the ge-
netic subtype, 11 luminal A, 3 luminal B, 3 triple negative
and one HER2+ cases were included. Ten genes were sig-
nificantly downregulated in tumors compared with normal
breast tissues (CLDNs 5, 10, 16, 18, 19, CTNNALI1, JAM-
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B, ZO-1, ZO-2 and PARD?3), whereas one gene (CLDN17)
was significantly up-regulated in tumors when compared
with normal breast. At protein level CLDNs 5, 10, 16, 18,
Z0-1 and ZO-2 were downregulated in tumors as compared
with normal breast tissue. CLDN17 showed variable expres-
sion in tumor tissues in comparison to normal breast. In the
single HER2+ tumor when compared with the other sub-
types CLDNs 5, 16, 17, 18, CTNNALL1, JAM-B, ZO-1, ZO-
2 and PARD3 genes were found to be upregulated. We
found altered TJ genes and proteins whose expression has
not yet been associated with breast carcinoma. Our findings
show a tendency of TJ genes and proteins to be downregu-
lated in breast cancer. Further studies are necessary to ex-
amine whether the downregulation of the above mentioned
TJ associated genes and proteins may contribute to the
malignant progression of invasive ductal breast carcinomas.

Keywords Breast carcinoma - Tight junction - Claudin -
Array - Immunohistochemistry

Abbrevations

Al- Adherens junctions

BSA- Bovine serum albumine

CDC42- Cell division cycle 42 (GTP binding protein,
25 kDa)

CGN- Cingulin

CLDN- Claudin

CLDNI1- Claudin 1

CLDNI10- Claudin 10

CLDNI11- Claudin 11 (oligodendrocyte transmembrane
protein)

CLDNI12- Claudin 12

CLDN14- Claudin 14

CLDNI15- Claudin 15

CLDNI16- Claudin 16

CLDN17- Claudin 17

CLDNI18- Claudin 18

CLDNI19- Claudin 19

CLDN2- Claudin 2

CLDN20- Claudin 20

CLDN3- Claudin 3

CLDN4- Claudin 4

CLDNS5- Claudin 5

CLDNGo6- Claudin 6

CLDN7- Claudin 7

CLDNS8- Claudin 8

CLDNY- Claudin 9

CLDND2- Claudin domain containing 2

CRB3- Crumbs homolog 3 (Drosophila)

CTNNALI1- Catenin (cadherin-associated protein),
alpha-like 1

CTNNBIP1- Catenin, beta interacting protein 1

DAPI- 4'-6-Diamidino-2-phenylindole’
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F11R- F11 receptor

GAPDH- Glyceraldehyde-3-phosphate dehydrogenase

HPRTI1- Hypoxanthine phosphoribosyltransferase 1

IDC- Invasive ductal carcinoma

JAM-B- Junctional adhesion molecule B

JAM-C- Junctional adhesion molecule C

MAGII- Membrane associated guanylate kinase,
WW and PDZ domain containing 1

MAGIX- MAGI family member, X-linked

MARK2- MAP/microtubule affinity-regulating kinase

MLLT4- Myeloid/lymphoid or mixed-lineage
leukemia (trithorax homolog, Drosophila);
translocated to, 4

MPDZ- Multiple PDZ domain protein

MPP5- Membrane protein, palmitoylated 5
(MAGUK p55 subfamily member 5)

OCLN- Occludin

PARD3- par-3 partitioning defective 3 homolog

PARDG6A- par-6 partitioning defective 6 homolog alpha

PBS- Phosphate buffered saline

RHOA- Ras homolog gene family, member A

RPLI3A- Ribosomal protein L13a

SDHA- Succinate dehydrogenase complex, subunit
A, flavoprotein (Fp)

SYMPK- Symplekin

TGFB1- Transforming growth factor, beta 1

TJ- Tight junction

Z0-1- Tight junction protein 1 (zona occludens 1)

Z0-2- Tight junction protein 2 (zona occludens 2)

Z0-3- Tight junction protein 3 (zona occludens 3)

TLDA- TagMan Low Density Array

Introduction

In epithelial tissues cell-cell interaction is mediated by var-
ious junctional complexes. Each of these complexes—tight
junctions (TJs), adherens junctions (AJs), desmosomes and
gap junctions—have typical morphology, composition and
function. TJs are the most apical intercellular junctions in
epithelial cells with diverse functions. It is generally accept-
ed that TJ proteins can be categorised into three groups:
integral membrane proteins (occludin, claudins, junctional
adhesion molecule—JAM, tricellulin and crumbs), periph-
erally associated cytoplasmic proteins (zonula occludens—
Z0, partitioning-defective molecules—PAR, MAGUK
inverted—MAGI, cingulin, symplectin and others) and sig-
naling proteins (protein kinase A, protein kinase C, hetero-
trimeric G-proteins) [1-4]. There have been decades of
evidence regarding altered TJs in cancerous epithelia like
attenuations as well as lack of [5] increased permeability to
paracellular tracers [6, 7]. The expression and function of
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several TJ proteins in breast carcinoma, however, are not
known and some of the published data are contradictory.
The relevant publications in this field, without claim of
completeness, are presented in Supplementary Table 1.

Gene expression profiling analyses have allowed the
identification of genes that are differentially expressed for
example in ovarian cancer [§]. Later on studies have also
identified changes in the expression of several TJ proteins in
numerous carcinomas [9-14].

To date only a few CLDN proteins have been investigat-
ed in breast carcinomas and in a relatively limited number
[1, 10, 11, 15-20]. While some CLDNS are silent in certain
cancers, the same protein can be over-expressed in others,
suggesting that both, expression and function of CLDNs are
tissue specific. In breast carcinomas, the majority of avail-
able data on TJs have shown the expression of multiple TJ
and AJ proteins to be downregulated or absent [15, 16, 21].
In our previous studies we found significant loss of CLDNI1
protein in breast cancer cells compared with normal breast
tissue, with downregulation of CLDN4 noted in ductal
carcinoma grade 1, in special types of breast carcinoma
(mucinous, papillary, tubular) and in areas of apocrine meta-
plasia [22]. Contrary to the above presented we have found
that in the basal-like group as compared with the non-basal-
like grade 3 breast carcinomas the CLDN4 expression was
significantly higher (p=0.017) [19]. Recent studies showed
that CLDN16 expression was also reduced in human breast
cancer, particularly in patients developing aggressive tumors
with high mortality rate [22, 23]. Furthermore, JAM-A is
robustly expressed in normal human mammary epithelium,

and its expression is downregulated in metastatic breast
cancer [24, 25]. Morohashi and coworkers (2007) ana-
lysed the expression patterns of CLDN1/CLDN4 in re-
current and non-recurrent breast carcinomas, with the
finding that the recurrent group showed decreased ex-
pression of CLDNI1 (p<0.001) as compared with the
non-recurrent group [26]. Recently, a new subgroup
called “claudin-low” was described with aggressive be-
haviour and poor prognosis based on gene expression
profiling, which was initially declared to be a subgroup
of triple negative breast carcinomas [27-30].

The present study focuses on the mRNA and protein
expressions of several TJ components in human breast car-
cinomas and corresponding normal breast tissues from the
same patients.

Material and Methods

Altogether, breast carcinomas and corresponding normal
breast tissues of eighteen patients were included in the
study. Tissue samples were collected in conformity with
the national law (23/2002.V.9—Hungarian Ministry of
Health) regarding human studies. The work was approved
by the Regional Ethical Committee (reg. no. 77/2007 and
185/2007).

RNA and protein expressions were analysed by TagMan
Low Density Array (TLDA) and fluorescent immunohisto-
chemistry. The histopathological diagnosis of the selected

Table 1 Histopathologic data of

the analysed breast carcinomas PATIENT nr. TNM grade ER% PR% KI-67% p53% HER?2 score
1 T3NO 2 80 60 10 10 0
2 T1cNO 3 0 0 90 0 0
3 T2N1 3 0 0 100 100 0
4 T2NO 2 100 100 30 5 0
5 T1cNx 1 100 100 30 0
6 T1cNO 2 100 100 0
7 TlcNla 2 70 50 10 0
8 T2Nla 3 90 0 30 10 0
9 T2N1 2 90 80 10 30 0
10 T2N2a 3 100 100 20 5 0
11 T2Nla 3 0 0 30 100 0
12 T1cNO 2 50 90 10 5 0
13 T3cNO 2 100 20 30 0 0
14 T1cN1 3 0 0 90 90 +
15 T1cNO 1 80 90 10 0 0
16 T2N2a 3 70 40 20 100 +
17 T2N2a 1 80 90 20 30 +
18 T2N2a 2 80 0 10 60 +
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breast lesions was pure invasive ductal carcinoma (IDC), all
other cases were omitted.

The histological grade was defined according to the
modified Elston-Bloom-Richardson (Nottingham) grading
system. The estrogen and progesteron receptor (ER and
PgR) status as well as the HER2 status (determined by
immunohistochemistry, and FISH when staining was scored
2+) were available for all patients (Table 1.). Patients were
divided into 4 biological subtypes: 1) triple-negative (ER,
PgR and HER2 negative), 2) HER2 (HER2 positive, ER and
PgR negative), 3) luminal B (ER positive and/or PgR pos-
itive and/or HER2 positive), and 4) luminal A (ER and PgR
positive, HER2 negative) [31].

PCR-based Array Evaluation
RNA Extraction and Reverse Transcription

RNA was isolated from the eighteen frozen tumor samples
and their corresponding normal tissue. The percentage of
tumor cells was evaluated for each case on H&E stained
slides, with the threshold set to a minimum of 70%.

Samples were taken from the tumorous component by a
pathologist, while normal breast tissue specimens were
obtained from non-tumorous breast tissue, sufficiently far
from the tumor containing fatty tissue and normal breast
epithelial cells, after grossing the fresh specimen. The se-
lected breast tissue samples, obtained in accordance with
current local and ethical recommendations, were snap frozen
in liquid nitrogen and then stored at —80°C.

The tissues (50-100 mg), after homogenization with a
Polytron homogenizer (Kinematica AG, Littau/Lucerne,
Switzerland), were subsequently treated with Trizol (Invi-
trogen, Carlsbad, CA, USA) to extract RNA according to
the manufacturer’s instructions. Briefly, the RNA was pre-
cipitated with 0.5 ml isopropyl-alcohol in the aqueous
phase. The pellet was then washed in 70% ethanol once,
dried and resuspended in 50 pl of RNAse-free water and
kept at —80°C until further use. Total RNA integrity was
verified by electrophoresis using ethidium-bromide staining
and NanoDrop ND-1000 was used to measure RNA con-
centration (NanoDrop Products, Wilmington, DE, USA).
One microgram of total RNA was reverse transcribed in a
total volume of 20 pl using High capacity cDNA Reverse
Transcription Kit (Applied Biosystems—ABI, Foster City,
CA, USA) according to the manufacturer’s protocol.

TagMan Low Density Array (TLDA)
Gene expression levels were measured for genes associated
with TJs and selected control genes; targets were chosen

based on literature reviews of TJs (presented in the Intro-
duction section). The list of assays used in the study is given
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in Table 2. Each set of 48 genes (Table 2.) also contained
four housekeeping genes: GAPDH, HPRT1, RPL13A and
SDHA.

Custom TagMan® Low Density Arrays (48 TagMan®
Gene Expression assay Part n° 699973 microfluidic cards,
ABI) were applied on Applied Biosystems 7900 HT instru-
ment. Thermal cycler conditions were as follows: 50°C for
15 min, 95°C for 2 min, followed by 40 cycles of 95°C for
10 s and 60°C for 30 s.

All samples were run in duplicates and expressed as
mean +/— SD. The threshold cycle Ct was automatically
given by SDS2.2 software package (ABI). Relative quanti-
fication was determined using the equation: 2!, The
non-parametric, Mann—Whitney test was applied to compare
groups. All statistical tests were two-sided and differences
were considered to be statistically significant at p<0.05.

Materials Used for Immunohistochemistry
and Immunofluorescent Staining

The expression of the following proteins was analysed by
immunohistochemistry: CLDNs 5, 10, 16, 17, 18, ZO-1 and
Z70-2. The Human Protein Atlas (HPA) was considered as
one of the references (http://www.proteinatlas.org).

Indirect immunofluorescent staining was performed on 4
to 8 wm thick frozen sections of fixed breast carcinomas and
corresponding normal breast tissues (in —20°C methanol for
20 min., air-dried and incubated with 5% BSA/PBS for
30 min. at room temperature) followed by incubation with
the primary antibodies at 4°C overnight under conditions
presented in Supplementary Table 2. Excess primary anti-
bodies were removed by washing in PBS and slides were
then incubated with the secondary antibodies conjugated to
Alexa Fluor probe (Molecular Probes, Carlsbad, CA, USA)
in dark for 30 min. at room temperature. The following
Alexa Fluor dyes were used: goat anti-mouse Alexa Fluor
568, goat anti-rabbit Alexa Fluor 568, goat anti-mouse
Alexa Fluor 488 and goat anti-rabbit Alexa Fluor 488 (Sup-
plementary Table 2). Cell nuclei were counter-stained with
DAPI (Vectashield mounting medium for fluorescece with
DAPI, Vector Laboratories, Inc., Burlingame, CA, USA).
For each TJ protein a negative control with omission of the
primary antibody was included. Stained specimens were
analysed by laser scanning confocal microscopy (BioRad
Radiance 2100 Laser Scanning Confocal Microscope System,
BioRad Lab. Ltd., Hercules, CA, USA).

Results

Forty-eight (44 TJ genes and 4 endogenous controls) genes
were successfully evaluated in eighteen invasive ductal
breast carcinomas and corresponding normal breast tissue
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Table 2 List of assays used in the study

Nr. Gene symbol Gene name

1. CDC42-Hs00741586_mH cell division cycle 42 (GTP binding protein, 25 kDa)

2. CGN-Hs00430426 m1 cingulin

3. CLDN10-Hs00199599_ml claudin 10

4. CLDN11-Hs00194440 ml claudin 11 (oligodendrocyte transmembrane protein)

5. CLDN12-Hs00273258_sl claudin 12

6. CLDN14-Hs00273267_s1 claudin 14

7. CLDN15-Hs00204982_ml claudin 15

8. CLDNI15-Hs00370756_m1 claudin 15

9. CLDN16-Hs00198134_ml claudin 16

10. CLDN17-Hs00273276_s1 claudin 17

11. CLDN18-Hs00212584_ml claudin 18

12. CLDN19-Hs00326959 sl claudin 19

13. CLDNI1-Hs00221623 ml claudin 1

14. CLDN20-Hs00378662 m1 claudin 20

15. CLDN2-Hs00252666_s1 claudin 2

16. CLDN3-Hs00265816_s1 claudin 3

17. CLDN4-Hs00533616_s1 claudin 4

18. CLDNS5-Hs00533949 sl claudin 5 (transmembrane protein deleted in velocardiofacial syndrome)
19. CLDN6-Hs00607528_s1 claudin 6

20. CLDN7-Hs00600772_ml claudin 7

21. CLDN8-HS00273282-s1 claudin 8

22. CLDNO9-Hs00253134 sl claudin 9

23. CLDND2-Hs00380745_ml claudin domain containing 2

24. CRB3-Hs00373616_ml crumbs homolog 3 (Drosophila)

25. CTNNAL1-Hs00169384_ml catenin (cadherin-associated protein), alpha-like 1

26. CTNNBIP1-Hs00172016 _m1 catenin, beta interacting protein 1

27. F11R-Hs00170991 ml F11 receptor

28. GAPDH-Hs99999905_m1 glyceraldehyde-3-phosphate dehydrogenase

29. HPRT1-Hs99999909 m1 hypoxanthine phosphoribosyltransferase 1 (Lesch-Nyhan syndrome)
30. JAM-B-Hs00221894 m1 junctional adhesion molecule B

31. JAM-C-Hs00262270 sl junctional adhesion molecule C

32. MAGI1-Hs00191026 _m1 Membrane associated guanylate kinase, WW and PDZ domain containing 1
33. MAGIX-Hs00227501 _ml MAGI family member, X-linked

34. MARK2-Hs00250126 ml MAP/microtubule affinity-regulating kinase

35. MLLT4-Hs00291852 sl myeloid/lymphoid or mixed-lineage leukemia (trithorax homolog, Drosophila); translocated to, 4
36. MPDZ-Hs00187106_m1 multiple PDZ domain protein

37. MPP5-Hs00223885 ml membrane protein, palmitoylated 5 (MAGUK p55 subfamily member 5)
38. OCLN-Hs00170162 _ml occludin

39. PARD3-Hs00219744 _ml par-3 partitioning defective 3 homolog (C. elegans)

40. PARD6A-Hs00180947_m1 par-6 partitioning defective 6 homolog alpha (C. elegans)

41. RHOA-Hs00357608_m1 ras homolog gene family, member A

42. RPL13A-Hs01926559 gl ribosomal protein L13a

43. SDHA-Hs00417200 ml succinate dehydrogenase complex, subunit A, flavoprotein (Fp)

44. SYMPK-Hs00191361 ml symplekin

45. TGFB1-Hs99999918 ml transforming growth factor, beta 1

46. Z0-1-Hs00268480 ml tight junction protein 1 (zona occludens 1)

47. Z0-2-Hs00178081 ml tight junction protein 2 (zona occludens 2)

48. TJP3-Hs00274276 _ml tight junction protein 3 (zona occludens 3)
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NORMAL

CLDNS5

CLDNI10

CLDNI16

Fig. 1 The expression of claudin 5, 10 and 16 proteins in normal
breast epithelium and invasive ductal breast carcinomas. Images were
obtained using laser scanning confocal microscopy. a Claudin-5
(CLDNS) positivity in normal breast epithelium. Shown is the immu-
nohistochemical reaction of normal breast duct using monoclonal
CLDNS antibody. The secondary antibody is IgG conjugated to Alex-
afluor 488. Cell nuclei were counter-stained with DAPI (Original
magnification: 400x). b The significant loss of CLDNS5 positivity in
invasive breast carcinoma (Original magnification: 400x). ¢ Claudin-
10 (CLDN10) expression in benign breast epithelium. Intense
CLDNI10 positivity in benign breast epithelium. Shown is the

by TLDA. Successful results were found in 17 tumor-
normal pairs and in an additional tumor. The histopathological
data of the analysed cases are presented in Table 1.

When the mean value of the four analysed reference
genes was used for relative quantification, seven transcripts
were notable showing significantly different expression in
tumors, as compared with normal breast tissues. Six genes
were significantly downregulated (CLDNs 5, 16, 18, 19,
JAM-B, Z0O-2) and only one, CLDN17, was significantly

@ Springer

TUMOR

immunohistochemical reaction of benign breast tissue using polyclonal
CLDNI10 antibody (Original magnification: 400x). d CLDN10 expres-
sion in invasive ductal breast carcinoma. Note the membrane staining
in few scattered tumor cells only (Original magnification: 400%). e
Intense Claudin-16 (CLDN16) positivity in benign breast epithelium.
Shown is the immunohistochemical reaction of benign breast tissue
using polyclonal CLDN16 antibody (Original magnification: 400x%). f
CLDNI16 expression in invasive ductal carcinoma of the breast. Com-
plete loss of CLDN16 expression was observed in this case of invasive
ductal breast carcinoma (Original magnification: 400x)

upregulated in tumors when compared with normal breast
tissues. By using only GAPDH as reference gene, eleven
significantly differentially expressed transcripts in tumors
compared with normal breast tissues were found. Ten genes
were significantly downregulated in tumors compared with
normal breast tissues (CLDNs 5, 10, 16, 18, 19, CTNNALI,
JAM-B, ZO-1, ZO-2 and PARD3), whereas one gene
(CLDN17) was significantly upregulated in tumors when
compared with normal breast tissues (Figs. 4 and 5).
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NORMAL

CLDN17

CLDN17

CLDN18

Fig. 2 The expression of claudin 17 and 18 proteins in normal breast
epithelium and invasive ductal breast carcinomas. Images were
obtained using laser scanning confocal microscopy. a Claudin-17
(CLDN17) positivity in normal breast epithelium. Shown is the immu-
nohistochemical reaction of normal breast tissue using polyclonal
CLDNI17 antibody. The secondary antibody is IgG conjugated to
Alexafluor 488. Cell nuclei were counter-stained with DAPI (Original
magnification: 400x). b The expression of CLDN17 protein in concor-
dance with PCR results was not uniform. In some cases overexpression

Although several of the genes analysed in our study have
previously been implicated in breast cancer (eg. CLDNs 1,
4, 7 and 16), quite a few still have unclear roles in breast
cancer. Analysing the gene expression results case by case,
the expression was not uniform throughout the studied
cases. It was intriguing to find the eventual differences in
TJ components between the different breast carcinoma sub-
groups. In this study 11 luminal A, 3 luminal B, 3 triple
negative and one HER2+ tumors were included. In the

TUMOR

was observed (Original magnification: 400x), whereas ¢ in other cases
the loss of this protein was detected (Original magnification: 600x). d
Claudin-18 (CLDN18) expression was intense in benign breast epithe-
lium. The immunohistochemical reaction is shown using polyclonal
CLDNI18 antibody (Original magnification: 600x). e CLDN18 expres-
sion in invasive ductal breast carcinoma. Note the significant loss of
this protein as compared with normal epithelial cells (Original magni-
fication: 400%)

single HER2+ tumor when compared with the other subtypes
CLDNs 5, 16, 17, 18, CTNNALL, JAM-B, ZO-1, ZO-2 and
PARD3 were found to be upregulated, whereas the rest of the
cases showed a clear tendency for the above mentioned TJ
components to be downregulated in tumors as compared with
the normal breast epithelium (case 14, Table 1.).

In the normal tissues the analysed proteins appeared as
strong membrane reaction of the epithelial cells. In tumors,
the positivity when present was variable in both intensity

@ Springer
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NORMAL

701

702

Fig. 3 The expression of ZO-1 and ZO-2 proteins in normal breast
epithelium and invasive ductal breast carcinomas. Images were oba-
tined using laser scanning confocal microscopy. a Characteristic ZO-1
positivity in normal breast epithelium. Shown is the immunohisto-
chemical reaction localized close to the apical end of the cells using
Z0O-1 polyclonal antibody. The secondary antibody is IgG conjugated
to Alexafluor 488. Cell nuclei were counter-stained with DAPI (Orig-
inal magnification: 400x). b The expression of ZO-1 protein in

and percentage. CLDNS5 showed strong positivity in the
endothelial cells and some positivity in certain normal epi-
thelial cells. In the tumors, intense CLDNS was observed in
the endothelial cells and reduced or no CLDNS was detected
in the tumor cells. The images of immunofluorescent results
related to CLDNs 5, 10, 16, 17, 18, ZO-1 and ZO-2 are
shown in Figs. 1, 2 and 3.

According to our data and by analysing this cohort of
breast carcinomas, CLDN 5, 10, 16, 18, ZO-1 and ZO-2
proteins were downregulated in tumors in comparison with
normal breast tissue (Figs. 1, 2 and 3).

The expression of CLDN17 in concordance with the PCR
results was not uniform. In some cases upregulation was
observed, whereas in other cases this protein was found to
be downregulated (Fig. 2). By comparing our own data with
that of HPA our results showed only partial correlation,
since the data presented in the Atlas were obtained by using
paraffin embedded sections and certain antibodies were of
different type (Figs. 4 and 5).
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TUMOR

invasive ductal breast carcinoma. Note the significant loss of this
protein as compared with normal epithelial cells (Original magnifica-
tion: 400x). ¢ ZO-2 expression in benign breast epithelium. Intense
Z0-2 positivity shown in the immunohistochemical reaction using
polyclonal antibody (Original magnification: 400x). d ZO-2 expres-
sion in invasive ductal breast carcinoma. Note the membrane staining
in some scattered tumor cells only, as compared with normal epithelial
cells (Original magnification: 400%)

Discussion

Despite our knowledge that numerous events contribute to the
evolution of breast carcinoma, it is widely accepted that the
loss of cell-to-cell adhesion in epithelial cells is necessary in
cancer progression. While some of these proteins are generally
accepted to be downregulated in tumors as compared with
normal tissues, there are studies demonstrating opposite
results. Relationship between losses or gains of TJ proteins
in different types of cancers is most probably the result of a
complex mechanism yet to be understood [32-34].

Of the TJ components analysed in this study, we found ten
TJ-associated genes and six proteins to be downregulated. The

Fig. 4 The expression of eleven significantly differentially expressed
transcripts in normal tissues and breast carcinomas. By using GAPDH
as reference gene, eleven significantly differentially expressed tran-
scripts were found in tumors as compared with normal breast tissue.
The expression of these transcripts in normal tissues is compared with
the expression observed in breast carcinomas
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Fig. 5 The results of low-density PCR- array presented case by case. By using GAPDH as reference gene, eleven significantly differentially
expressed transcripts were found in tumors as compared with normal breast tissue. These transcripts are presented case by case

expression of CLDN17 protein was not uniform. In some
cases upregulation was observed, whereas in others the down-
regulation of this protein was detected. Results of recent
evaluations indicate that no clear role has been identified for
CLDNs 1, 5,11, 14, 15, 19, 20, 21, while for CLDNs 3, 4, 8,

and 19, a tightening potential is indicated in different assays.
CLDNs 2, 7, 10, 15, and 16 were identified as paracellular
pore-forming claudins [1, 9-11, 15-20, 23, 35-39].

From the TJ components analysed and found by us to be
differentially expressed in normal breast epithelia as compared
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Fig. 5 (continued)

with tumor cells, there are no convincing literature data regard-
ing CLDN 5, 10, 17, 18, 19, CTNNALI1, JAM-B, and PARD3
expressions in breast carcinomas, whereas CLDN16, ZO1, and
702 expressions have been discussed in current papers [1, 23].

Concerning CLDNS expression in breast carcinomas, a
recent study by Turunen et al. showed that increased expres-
sion of this protein is associated with aggressive behaviour
in serous ovarian adenocarcinoma [40]. Our study found
CLDNS to be markedly downregulated in breast tumor
tissue, while being highly expressed in endothelial cells.

In a recent study we found that lymph node metastases
presented with a notable but not significant increase of
claudin-5 expression in both ductal and lobular carcinoma
groups [41].

Regarding CLDN10 mRNA, decreased expression was
found in breast carcinoma when compared with normal
breast tissue at protein level. Analysis of organs other than
the breast revealed strong CLDN10 expression in normal
gallbladder, with only weak reactions notable in normal
intrahepatic bile ducts [42].

Little is known about the expression of CLDNs17, 18
and 19 in breast carcinoma. Using TLDA, we found a
tendency for CLDN17 mRNA overexpression, whereas on
the contrary, in four cases a downregulation was manifest in
tumors as compared with normal breast epithelium, with the
tendency confirmed at protein level as well. Further, the
downregulation of CLDN18 was also detected in tumors
as compared with normal breast tissues. Sanada et al. found
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that the expression of CLDN18 was reduced in several intes-
tinal metaplasias of the stomach. These authors concluded that
downregulation of CLDN18 may be involved in gastric can-
cers of intestinal phenotype, and may be an early event in
gastric carcinogenesis [43]. According to our observation
CLDN19 mRNA was downregulated in breast carcinomas.
In mouse cell lines Hou et al. described that CLDN16- and
CLDN19-depleted TJs had normal barrier function, but
defective ion selectivity [44]. No literature data have been
presented to date about the role of CLDN19 in the breast.

There are controversial data about expression of the PAR
complex in breast carcinomas. At mRNA level, we found
PARD3 to be downregulated in tumors compared with nor-
mal breast epithelial cells. PAR3 expression has been found
to be reduced in oesophageal squamous cell carcinomas in
association with lymph node metastases [45].

At mRNA level we found CTNNALI to be significantly
downregulated in breast carcinomas as compared with normal
breast epithelium. A recent report by Ding et al. compared the
whole genome of peripheral blood, pimary tumor, brain me-
tastasis and xenograft derived from a single patient, with the
finding that two overlapping large deletions, encompassing
CTNNAI, were present in all tumor samples supporting the
importance of junctional structures in tumor progression [46].
There is an increasing number of published and occasionally
controversial data about JAM-A expression in breast carcino-
mas. Studies have demonstrated that the attenuation of junc-
tional adhesion molecules contributes to breast cancer cell
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invasion [24, 25]. There are very few data on the expression of
JAM-B and its contribution to breast cancer. In the present
study, we found JAM-B mRNA to be downregulated in breast
carcinomas when compared with normal breast tissue. Re-
cently published data on CLDN16 demonstrated the expres-
sion levels of this protein to be significantly decreased in node
positive as compared with node negative breast carcinomas
and in patients who died of breast cancer or had generally poor
prognosis [23]. We have found CLDN16 to be significantly
downregulated in tumors.

The expression of ZO-1 protein has been widely studied,
but there are only few data about the expression of ZO-2 in
breast carcinomas. In a review published by Brennan et al.
(2010) it is concluded that ZO proteins play important roles
in migratory events associated with breast cancer progression
[1]. We found that ZO-1 and ZO-2 are significantly down-
regulated at mRNA and protein levels in tumors as compared
with normal breast epithelium.

Numerous studies have demonstrated the involvement of
decreased or sometimes abnormal expression of cell adhe-
sion/junctional proteins in the process of tumor progression.
Very recently an interesting study confirmed that the
claudin-low subtypes representing a breast carcinoma subtype
with poor prognosis most closely resembles the mammary
epithelial stem cell [30].

Literature data regarding the role and expression of TJs in
various cancers are constantly expanding, but several ques-
tions remain to be answered concerning the mechanisms by
which decreased or increased TJ associated genes and proteins
contribute to the eventual neoplastic progression.

Conclusions

There have been no published data to date related to several
TJ proteins and genes. In our study we found that a large
number of TJ components were downregulated in breast
carcinomas when compared with normal breast epithelium.
We also found TJ genes and proteins with altered expression
not yet associated with breast carcinomas.
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