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Abstract
Tight junction is the area between epithelial cells that controls the fluid between cells. It consists of three main
groups of proteins, transmembrane proteins claudin and occludin, accessory proteins zonula occludence 1, 2, 3 and
cytoskeletal protein Actin. Although their main function is to prevent leakage and diffusion of molecules across
epithelial barriers they also contribute to the adherence of cells. In malignant tumors, tight junctions frequently show
structural and functional abnormalities. Our aim in this study was to see the frequency of genotypes rs6174821 and
rs9869263 in claudin 1, CLDN1 and rs4562, rs3744400 of claudin 7, CLDN7 among the healthy population in
Sweden. 265 samples were collected from blood and plasma donors. DNA was extracted and mutational screening
for CLDN 1 SNP rs6174821 and rs9869263 and CLDN 7 SNP rs4562 and rs3744400 was performed using
pyrosequencing. The Hardy-Weinberg formula was used to calculate the genotype. The results show that there is a
difference in the frequency of polymorphisms between men and women for several of the genotypes as well as
differences compared to HapMap. In CLDN 1 SNP rs9869263 for men and women together the frequency for TT
was 0.1959 for TC 0.385 and for CC 0.593 while the HapMap frequency for both men and women was for TT 0.035,
for TC 0.230 and for CC 0.735. CLDN 7 SNP rs3744400 for men and women together genotype TT 1.931 and for
TG 0.066, whereas GG were 0. When we compare to HapMap frequency for both men and women genotype TT
0.991, TG 0.009 and GG were 0. For men and women together the frequency for SNP rs4562 CC was 0.71, for TT
0.323 and for TC 0.97. The HapMap frequency for men and women was 0.292 for CC, 0.185 for TT and 0.523 for
TC.
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Introduction
Many cells in tissues are linked to one another and to the extra
cellular matrix with the help of cell adhesion molecules. Tight junction
play a critical role in maintaining the concentration differences of
small molecules across epithelial cell sheets by sealing the plasma
membranes of adjacent cells together in the apical surface and create a
continuous impermeable or semi permeable barrier to diffusion across
the cell sheets [1]. Tight junction bar the movement of dissolved
material from the lumen through the space between epithelial cells,
there is no intercellular space where there is a tight junction. Tight
junction consists of three main groups of proteins they are
transmembrane proteins claudin and occludin, accessory proteins
zonula occludence and cytoskeletal proteins Actin [1].
Claudins are the most important components of the tight junction
[2]. The claudin family consists of 24 members and are small, 20-27
kDa, transmembrane proteins found in many organisms [3,4]. Their
main function is to establish the paracellular barrier that controls the
flow of molecules in the intercellular space between the cells of an
epithelium.
Claudins span the cellular membrane 4 times, with the N-terminal
end and C-terminal end both located in the cytoplasm. Recent studies
have shown mutations in cell adhesion / tight junction genes claudin 1
exon 2 and claudin 7 exon 4 in patients diagnosed with colon cancer in
both normal tissue and tumor tissue [4,5].
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Genetic variations in claudin 1 have recently been found to be
associated with susceptibility of Hepatitis C infection [6]. Also two
SNPs in the intron region, rs 893051 and rs3774032 have been linked
to asthma [7]. Hahn-Strömberg et al. found polymorphisms, rs9869263
and rs4562 in claudin 1 and 7 respectively in both the tumor tissue and
the adjacent normal mucosa raising the question if people with these
polymorphisms have a higher chance of developing colon cancer.
The role of claudins in cancer has not been clearly defined, however
it is known that the claudins are tissue specific proteins that are up or
down regulated depending on the disease [5,6]. Also, claudin-1 has
been found to be dysregulated in colorectal carcinoma and identified
as a probable target of beta catenin/Tcf signalling [8]. A study by Tokes
et al, reported that loss of claudin-1 proteins in breast cancer cells is
involved in the infiltration and metastasis of breast cancer [9]. In
colorectal carcinoma claudin-7 has been found strongly overexpressed,
and upregulation of claudin 7 has been described as an early event in
gastric tumorgenesis [10]. The aim of this study was to investigate the
frequency of polymorphisms in the claudin 1 and claudin 7 genes
among healthy individuals in Sweden. Since these polymorphisms are
present in coloncancer, these results will provide a better
understanding of the relationship between cell adhesion genes and the
development of colon cancer.

Material and Methods
265 samples from blood/ plasma donors at Orebro University
Hospital were collected randomly from both men and women after
agreement, consisting of one EDTA tube of peripheral blood in
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connection with blood and plasma donation was collected and placed
in –80°C immediately. The samples were anonymized and numbered
from 1-265 and marked W (woman) or M (man). DNA was extracted
from these blood/plasma samples and stored at -20ᵒC. For mutational
screening routine PCR and Pyrosequencing methods were used. PCR
(polymerase chain reaction) and Pyrosequencing (Pyromark Q96 ID
QIAGEN) was performed according to routine protocols at the
Department of Laboratory Medicine, Orebro University Hospital,
Orebro, Sweden. There were no exclusion criteria since these blood
and plasma donors are subjected to high scrutiny. The Ethics
Committee at EPN, Uppsala, Sweden approved the study.

Pyrosequencing

DNA extraction

Statistical analyses were performed using PHASE version 2.1 and
The Hardy-Weinberg formula was used to calculate the genotype.

DNA extraction protocols have been implemented according to
manufacturer’s protocol by (Viogene, GENTAUR Belgium BVBA). 1 ml
sample was added into a 15 ml tube. 10 µl proteinas K was added as
well as 1 ml EX buffer to the sample and incubated at 60ᵒC for 20
minutes then at 7 for 20 minutes, 1050 µl of 99% ethanol was added to
the tube after incubation.
Preheated 70ᵒC 10 mM Tris-Hcl, pH 9.0 (2.5 ml/prep) was used for
DNA elution. A genomic DNA midi column was placed in a 15 ml
collection tube, the sample mixture was added to the column, and
centrifuged at 3000 rpm for 3 minutes. The flow through was discarded
and 2.5 ml of WS buffer was added and centrifuged at 3000 rpm for 3
minutes this was repeated twice.
The tube was then centrifuged at 4000 rpm for further 5 minutes to
dry the column; the genomic DNA midi column was placed in a new
15 ml tube. The DNA eluted with 1ml of preheated 10 mM Tris-HCL,
pH 9.0 was centrifuged at 3000 rpm for 10 minutes. DNA was stored at
-20ᵒC.

PCR (Polymerase Chain Reaction)
The PCR primers were designed using the primer 3 programme
(http://www.embnet.sk/cgi-bin/primer3_www.cgi).
The protocol used to optimize the PCR amplification can be seen
below. The PCR reactions were carried out in a thermocycler
(Eppendorf gradient) starting with 95ᵒC denaturation for 10 min then
50 cycles á 95ᵒC denaturation for 1 min, 61ᵒC annealing for 1 min 72ᵒC
extension for 1 min. The mastermix consisted of 3-5 ng of DNA in a
buffer containing 2.0 mM MgCl2, 200-400 µM dNTP, and reverse and
forward primer mix 0.1-0.5 µM (for primer sequences see Table 1) and
Taq polymeras 0.5 units.
Gene

Primer

Tm
°C

Product
size(bp)

Claudin
-1

Forward5'-CAGAAGATGAGGATGGCTGTCATT-3'

58

117

Reverse*5'-AAGGGGGGCACAGCCTCTATTA-3'

Pyrosequencing was carried out using Qiagens Pyrosequencer
PyroMark Q96 ID, Qiagen, USA. For each sample a mixed buffer
containing 3 µl streptavidin sepharos solution, 12 µl Milliq H2O, 40 µl
binding buffer and 25 µl av PCR products was used, the enzyme mix
contained DNA-polymerase, apirax, luciferase and sulfurylase, while
the substrate mix contained adenosine 5' phosphosulfate and luciferin.
The software used to analyze the SNP postion was Pyromark ID1.0
Biotage, Sweden.

Statistics

Results
Our aim in this study was to see the frequency of polymorphisms in
the genes of claudin 1 and claudin 7. For claudin 1 we were interested
in SNP rs6174821 and rs9869263 and for claudin 7 SNP rs4562 and
rs3744400 among the healthy population in Sweden. To analyze this,
265 blood and plasma donors were examined for polymorphisms in
cldn 1 and cldn 7.
The Hardy-Weinberg formula was used to calculate the genotype.
All were in Hardy-Weinberg equilibrium. The frequency results for
CLDN 1 in SNP rs9869263 for female genotype TT were 0.027, 0,37 for
TC and 0.607 for CC and for males genotype TT were 0.021, 0,4 for TC
and 0.574 for CC. For men and women together the frequency for TT
was 0.1959 for TC 0.385 and for CC 0.593 while the HapMap
frequency for both men and women was for TT 0.035, for TC 0.230
and for CC 0.735.
The result of CLDN 7 frequency in SNP rs4562 for female genotype
CC were 0.35, 0.143 for TT and 0.51 for genotype TC, and for male
genotype CC were 0.36, for TT 0.18 and 0.51 for TC. In SNP rs3744400
the frequency result for female genotype TT were 0.97, for TC 0.04,
0.103 for CC and 0.027 for TG. For male genotype TT were 0.961, for
TC 0.034, for CC 0.204 and for genotype TG 0.039. For men and
female together the frequency for SNP rs4562 CC was 0.71, for TT
0.323 and for TC 0.97. The HapMap frequency for men and female was
0.292 for CC, 0.185 for TT and 0.523 for TC. SNP rs3744400 for male
and female together genotype TT 1.931 and for TG 0.066, whereas GG
were 0. When we compare to Hap map frequency for both men and
women genotype TT 0.991, TG 0.009 and GG were 0.
In CLDN 1 we studied exon 2 SNP c.366G>A rs6174821 but we
could not find any mutations, in exon 2 c.369T>C rs9869263 shown in
table 2 and figure 1,2 the mutation in this SNP is synonymous, in this
case GGT=➔ GGC, both codes for (Glycin).
Genotype

*biotin
Claudin
-7

Forward5'-GTTTGGCCCTGCCATCTTTAT-3'
Reverse*5''ACACATACTCCTTGGAAGAGTTGG-3'
*biotin

Table 1: PCR primer sequences and conditions.

60

155

Female
frequency

c.369T>C

N

Male frequency

112

N

153

TT

0.027

3

0.033

5

TC

0.37

41

0.42

65

CC

0.607

68

0.54

83

Table 2: Frequency of claudin 1 genotype c.369T>C for men and
women in the healthy population in Sweden.
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Figure 3: Pyrogramme showing CLDN 7 rs4562 homozygous CC
and rs3744400 homozygous TT.
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Figure 1: Pyrogramme showing Claudin 1 genotype c.366G>A and
c.369T>C, rs6174821 and rs9869263.

CLDN 7

Female

Genotype

frequency

c.590T>C

Male
N

frequency

112

N
153

CC

0,35

39

0.36

55

170

TT

0,143

16

0.18

28

160

TC

0,51

57

0.46

70

150

c.606T>G

140

TT

0,97

109

0,961

147

130

TG

0,027

3

0,039

6
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Figure 2: Pyrogramme showing claudin 7 c.590T>C and c.606T>G,
rs4562 and rs3744400.
In CLDN 7 exon 4 both SNPs c.590T>C rs4562 and c.606T>G
rs3744400, polymorphisms are shown in table 3 and figure 3. The
mutation in rs4562 is missense, resulting in a codon that code for a
different amino-acid. In rs3744400 the mutation is synonymous,
CCT=➔CCG and the final amino-acid is proline (Tables 4 and 5).
Genotype
frequency

Genotype

Male and Female

c.369T>C

HapMap
Genotype
frequency
N

Male and Female

265

Table 4: Frequency of claudin 7 genotype c.590T>C and c.606T>G for
men and women in the healthy population in Sweden.
CLDN7

Genotype
frequency

Genotype

Male and Female

c.590T>C

113

TT

0.06

8

0.035

4

TC

0.79

106

0.23

26

CC

1.15

151

0.735

83

Table 3: Frequency of claudin 1 genotype c.369T>C for men and
women together in the healthy population in Sweden compared to the
HapMap frequency for the CEU population.

N

Male and Female

265

N
65

CC

0,71

94

0.292

19

TT

0,323

44

0.185

12

TC

0,97

127

0.523

34

c.606T>G
N

HapMap
Genotype
frequency

265

113

TT

1.931

256

0.991

112

TG

0.066

9

0.009

1

GG

0

0

0

0

Table 5: Frequency of CLDN 7 genotype c.590T>C and c.606T>G for
men and women together in the healthy population in Sweden
compared to the HapMap frequency for the CEU population.

Discussion
Tight junction or zonula occludins, are the closely associated areas
of two cells whose membranes join together forming a virtual
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impermeable barrier to against liquid and exist for example in cells in
the intestine to prevent unwanted uptake in the body of the various
components of spillage. The claudins are tissue specific and so the
expression changes depending on the type of tissue studied [11].
Variants in CLDN 1 and CLDN 7 gene have recently been identified
and correlated to several different diseases such as cancer, hepatitis C,
atopic dermatitis and asthma [6]. These variations are of critical
importance in the formation of tight junction and their function.
In this study we analyzed the frequency of polymorphisms in
claudin 1 SNP rs6174821 and rs9869263 and in claudin 7 SNP rs4562
and rs3744400. Peripheral blood from 265 blood and plasma donors
was used. Altogether 112 women and 153 men were analyzed for
theses polymorphisms.
The largest differences were seen for CLDN 7 polymorphisms
rs4562 genotype c.590T>C where 35% of the women were homozygote
for CC, while among the men 36% were homozygote for CC. Also 14%
of the women were homozygote for TT while only 18% of the men
were homozygote for the same genotype. When comparing our results
with results from the Hap Map project we could see that for rs4562 the
frequency of the AA genotype was 18.5%, AG 52.3% and GG 29.2% in
men and women combined. This was for the CEU population, there
were no results registered from other populations. For rs3744400 our
results were slightly lower than those of the European ancestry, the
Indian Mexican, Masaya in Kenya, Italy and Nigerian ancestry who
showed between 96% and 99.1% frequency of genotype TT, while the
Japanese and Chinese population showed only 50%-57% positive for
this genotype. For T/G the frequency among the Swedish population
was 3.7% which is similar to the GIH population of 4.0% and TSI 2.9%,
YRI 2.7% and the MEX 5.3% population compared to much higher
frequencies in CHB 33.8%, CHD 39.4% and JPT 38.9%. The lowest
frequency was in the CEU population with 0.9% TG. For genotype GG
the frequency was 0% for all populations except CHB 8.8%, CHD
10.1% and JPT 8.8% which is slightly lower that our results 15.4%.

In the development of tumors a growing number of mutations in the
genome can be linked to cell adhesion, a function which is of central
importance to the cancer development and which ought to be an
important component in the development of different invasions type of
tumors.
A previous published study in the journal of clinical investigation by
Dhawan et al. has shown that in metastatic colon cancer cells express
the highest levels of claudin-1 and exhibited the highest rate of cellular
mislocalization [13]. The decreased expression of claudin1 has been
associated with loss of differentiation in prostatic carcinoma and
recommended as an important marker for gastric carcinoma while
CLDN 7 has been found to be decreased as invasive ductal carcinomas
of breast. In recent research CLDN 7 has been shown to be strongly
over expressed in colorectal carcinoma [8,14-17].
The purpose of this study was to see the frequency of
polymorphisms in cell adhesion genes CLDN 1 and CLDN 7 among
healthy men and women in Orebro County Sweden. The results show
that there is a difference in some genotype expression between men
and women while other genotypes show very little difference. Also the
frequency of these SNPs in colon cancer tumor was very similar to
those of the normal population. In the future it would be interesting to
see if these cell adhesion genes play a central role in the development
of colon cancer and how these polymorphisms affect the prognosis of
the disease.
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