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In spite of the strong prognostic value of all traditional cardiovascular risk factors, still striking differences exist
in the prevalence of clinical events between patients at apparently similar risk. One of the main reasons is
different genetic background. One of recently discussed candidate genes for cardiovascular disease is the gene
for the protein Connexin 37 (Cx37). This protein is a part of gap junctions responsible for communications bet-
ween cells including cells in the vessel wall. Studies focused on the association between Cx37 gene polymor-
phism (1019C > T, Pro319Ser) and cardiovascular disease demonstrate inconsistent results. Our findings in
1.316 men and women indicated that the Cx37 gene polymorphism (genotype CC) is significantly associated
with acute coronary syndrome in non-smoking women. In addition, in urban and rural women from general po-
pulation (n = 1.056) with impaired fasting glycaemia the same genotype is associated with increased intima
media thickness of carotid arteries measured by ultrasound. Finally, in 289 women with diabetes type 1 or 2, and
in 208 women from general population with central obesity, the CC genotype was associated with lower ankle
brachial blood pressure index. These data indicate that Cx37 gene polymorphism could have gender- and smo-
king-dependent effects on acute coronary events and glucose dependent effect on atherosclerosis in women.

Keywords: connexin 37 gene polymorphism, atherosclerosis, acute coronary syndromes, women smoking,
glycaemia.

Atherosclerosis and its main consequence — ischemic
heart disease — is the leading cause of mortality in Euro-
pean countries [1]. The high incidence and prevalence
of cardiovascular disease is associated with several ma-
in risk factors like age, male sex, genetic factors, smo-
king, dyslipidemia, hypertension and diabetes mellitus.

Assessment of cardiovascular risk in particular per-
son is obtainable from the medical history, basic phy-
sical examination, and widely available blood tests.
However, in spite of the strong prognostic value of all
these factors, still striking differences exist in the pre-
valence of clinical events between patients at apparent-
ly similar risk. One of the main reasons is different
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genetic background of particular persons at risk or pati-
ents with cardiovascular disease. Because atheroscle-
rosis is a complex disease caused by the interplay bet-
ween many genetic and environmental factors, iden-
tification of single genetic trait is not possible and the
research is focused on many candidate genes.
Advances in molecular approach focused on gene-
tic markers of cardiovascular disease allow better un-
derstanding of differences between individuals and co-
uld potentially offer more effective detection of indivi-
duals at risk and more effective therapeutic strategies to
prevent life threatening clinical events. In addition, it
could reveal mechanisms responsible for development
of atherosclerosis and its clinical consequences. Many
new candidate genes have been identified using geno-
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me wide association studies and single nucleotide poly-
morphism studies [2—4].

Two extreme models of common disease develop-
ment are suggested. Both apply for cardiovascular di-
sease as well. One model is based on a large number of
alleles, having minor effects, composing different ge-
nes interacting with each other and with the environ-
ment to cause cardiovascular disease (polygenic mo-
del). The second model is based on rather rare alleles,
with major effect, composing a large number of genes
which cause cardiovascular disease (monogenic mo-
del). In the case of atherosclerosis, it has been known,
that this complex model involves a combination of both
possibilities [5].

Because of the high number of candidate genes and
putative high-risk gene polymorphisms, the identifica-
tion of genetic variants that play a role in pathogenesis
of CAD is difficult. One possibility for candidate gene
identification is to determine their disadvantageous va-
riations/polymorphisms. The effect of these variants is
being assessed worldwide in on-going studies with dif-
ferent designs.

Many epidemiological studies have already been
published. On one hand, these studies have proved the
strong genetic determination of coronary events and
their complications. On the other hand, results of these
studies did not find unequivocal results.

There are several reasons for these discrepancies.
One of the most important one is the fact that many ge-
netic studies have had insufficient numbers of patients
and controls —averaging between 100-300 individuals;
the power of such a study is, therefore, low and the risk
of false positive or false negative results is high.
Another reason for these discrepancies is not sufficient
clinical information about persons/patients under study
including risk profile of given populations and factors
that could modify effect of given gene variant — gene-
environment interaction [6, 7].

One of recently discussed candidate genes for athe-
rosclerosis and cardiovascular disease is the gene for
the protein Connexin 37 (Cx37). This protein is a part
of gap junctions responsible for communications bet-
ween cells including cells in the vessel wall.

The possible role of gap junctions in atherosclerotic
process is recently discussed [8, 9].

One of the key roles could be played by the altered
communication between endothelial cells, vessel smo-
oth muscle cells and macrophages. The protein Cx37
has been proposed to be one of the main participants in
these inter cell communications. This protein is a mem-
ber of Connexin protein family forming gap-junctions
channels and hemichannels affecting distinctively per-
meability for various signaling molecules [10, 11].

The polymorphism (serin or proline at position 39)
of this protein was evaluated as a possible risk factor
for atherosclerosis and cardiovascular disease. The-
refore, the Cx37 gene polymorphism (1019C > T;
Pro319Ser) has attracted attention as a possible prog-
nostic marker for atherosclerosis and cardiovascular
events.

However, studies focused on association between
this polymorphism and atherosclerosis/cardiovascular
disease serve as a good example of inconsistent results
found in most of studies focused on gene-disease asso-
ciations.

In experimental settings TT genotype of the gene
for Cx37 was indicated as proatherogenic, because it
was associated with increased adhesion of macropha-
ges to the vessel wall [12]. Nevertheless, controversial
data were obtained from human studies. Even in the si-
milar ethnic groups, different Cx37 genotypes were as-
sociated with cardiovascular disease. In Taiwan popu-
lation CC genotype was associated with coronary arte-
ry disease [13], in contrast, in Japanese population TT
genotype was associated with coronary artery disease
[14]. In Caucasian population from Switzerland, CC
genotype was associated with myocardial infarction
[15], in contrast, in population from Sicily the TT geno-
type was suggested as a risk factor [16]. Furthermore,
no association was found between Cx37 genotype and
coronary artery disease in Ireland [17]. Just recently,
study from Taiwan found T allele of Cx37 gene poly-
morphism to be associated with subclinical atheroscle-
rosis (expressed as carotid intima-media thickening
measured by ultrasound) and subsequent ischemic stro-
ke [18].

In our population based study with almost two
thousand participants, we did not find an association
between Cx37 (and other gene) polymorphism(s) and
coronary events [19].

119



PITHA J., PITHOVA P., HUBACEK J. A.

Table 1

Ankle-brachial blood pressure index in women without and with advanced central obesity, and in women with type 2, and ldiabetes stratified

by the connexin 37 (1019C > T) gene polymorphism [23]

Connexin 37 gene Diabetes type 1 Diabetes Type 2

General population,
waist > 94 cm

General population,
waist < 94 cm

TT/CT/CC,n % 18/79/81 10.1/44.4/45.5

TT, mean (SD) 1.07 (0.12) 1.00 (0.06)
CT, mean (SD) 1.01 (0.11) 0.99 (0.13)
CC, mean (SD) 0.98 (0.12) 0.96 (0.19)
p value for trend 0.008 0.05

13/45/53 11.7/40.6/47.7

21/97/90 10.1/46.6/43.3 80/300/274 12.2/45.9/41.9

1.05 (0.11) 1.06 (0.09)

1.06 (0.09) 1.05 (0.09)

1.03 (0.08) 1.06 (0.08)
0.05 0.33

All these discrepancies could be caused by diffe-
rent patient and control populations with different
background of the main cardiovascular risk factors. In
addition, the weakness of studying the association
between genes and clinical events could be in already
present subclinical disease in control population.

Therefore, from this point of view more reliable
approach could be achieved via detection of subclinical
atherosclerosis. However, even in this field of research
no consistent findings are available. Using ultrasound
measurements of carotid plaques in hypertensive men
from Sweden, an association of TT alleles of Cx37 ge-
ne polymorphism with subclinical atherosclerosis was
described already in 1999 [20]. In contrast, no associa-
tion between Cx37 gene polymorphism and subclinical
atherosclerosis expressed as carotid intima-media thi-
ckness and flow-mediated dilatation of brachial arte-
ries was found in a recent large and population based
study from Finland [21].

The complexity of the association between
particular gene and (sub)clinical atherosclerosis could
be explained by the role of particular gene as a
modifier of the disease process, even when not being in
direct causal relationship to it. From this point of view,
interesting association was found in another study from
Finland which found the Cx37 gene polymorphism to
be modifier of the effect of smoking and homocyst(e)in
on endothelial dysfunction [22].

In our recent studies we evaluated the association
between Cx37 gene polymorphism and preclinical
atherosclerosis expressed as ankle brachial blood pres-
sure index (ABI) or intima media thickness of carotid
arteries measured by ultrasound.

The study with ABI and the Cx37 gene was perfor-
med in women with type 1 (n =178) and 2 (n = 111)
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diabetes, and in women from general population (n =
= 862) [23]. Observed frequencies of carriers of TT/
CT/CC Cx37 genotypes were similar to the frequencies
published previously in other Caucasian populations
[20, 22] and did not significantly differ between groups
under study.

As shown in Table 1, in women with type 1 diabe-
tes, ABI significantly decreased from TT to CC car-
riers. A similar trend was seen in women with type 2
diabetes (p = 0.050) and in women with waist circu-
mference above 75" percentile (94 cm; n = 208) of the
general population (p = 0.049). Based on these results,
the Cx37 gene polymorphism was associated with
subclinical atherosclerosis in women with type 1 and 2
diabetes and in women with advanced central obesity.
The presence of C allele indicated increased risk.

The possibility of modifying effect of impaired glu-
cose metabolism was confirmed in another population
study focused on intima-media thickness of common
carotids arteries measured by ultrasound (unpublished
data — accepted for publication to International Angio-
logy in 2010).

A 5 % population sample of urban women aged
45— 54 years (n=_892) and a 1 % representative sample
of rural women aged 33-72 years (n = 160) were exa-
mined. These women were examined using an identical
protocol and genotyped for Cx37 gene polymorphism.
The association between the Cx37 gene polymorphism
and intima-media thickness in common carotid arteries
measured by ultrasound was studied. Between groups
comparison of continuous variables was calculated
using Mann Whitney #-test. For discrete variables
Pearson y° test was applied, or Yates ’ test in the case
of low numbers in analyzed subgroups. All results were
considered to be statistically significant at p < 0.05.
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Table 2

Distribution of connexin 37 gene polymorphism (1019C > T, Pro319Ser) among representative population sample and among men and

women with acute coronary syndrome (ACS) in men and women with regard to smoking behavior

General population, General population, ACS, ACS, ACS,
Carriers men + women MONICA, women from Prague, men+ women, women smokers, women non-smokers,
n=2,559, % n =898, % n=1316, % n=248, % n=116, %
TT 9.5 11.3 9.4 14.2 6.9%
CT 44.0 46.0 41.1 43.2 31.9%
CC 46.5 42.8 49.5 42.6 61.2*

x” test p=0.003: women with ACS non- smokers vs. women with ACS smokers.

The threshold for fasting glycaemia was defined as 75.
percentile of values obtained in urban middle aged wo-
men (5.5 mmol/l).

In both groups of women with fasting glycaemia
higher than 5.5 mmol/l, we observed a significant
increase in carotid intima-media thickness from the TT
to CC genotypes, while no such trend was found in
those with fasting glycaemia less than 5.5 mmol/l.
Again, in those women with fasting glycaemia higher
than 5.5 mmol/l, T allele seemed to be protective
against subclinical atherosclerosis in common carotid
arteries. Therefore, the Cx37 gene polymorphism may
exert completely different effects in the artery wall,
depending on glycaemia. These differences were
detected in both groups of urban and rural women and
also when both groups were merged. These results
were not altered when age, urban/rural origin and when
traditional risk factors were included into the analysis.
No such association was found in men from the same
population (data not published).

This relation of gene effect to the particular risk
factor could explain different results obtained in popu-
lations at different cardiovascular risk. The limitation
of all these studies was their cross-sectional design, not
allowing us to detect reliably cause-and-effect relation-
ships and low number of participants in selected sub-
groups under study (smokers, higher fasting glycae-
mia). On the other hand, possible role of glycaemia in
gene expression was already confirmed in the literature
[24].

In our already mentioned population based study
focused on patients with acute coronary syndromes
[19] in subsequent subanalysis we observed trend
suggesting possible association between Cx37 gene
polymorphism and acute coronary events in non-

smoking women (Table 2). However, because of rather
low number of participants in subgroups under study
these data need to be confirmed in studies with higher
number of participants.

In all studies the Cx37 gene data were obtained by
the same methodology. DNA was isolated from frozen
EDTA blood [25]. To genotype the 1019C>T (Pro319
> Ser) variant within Cx37 gene, oppositely-oriented
oligonucleotides 5' CTGGACCCACCCCCTCAGAA-
TGGCCAAAGA and 5' AGGAAGCCGTAGTGCCT-
GGTGG and restriction enzyme Aas/ («Fermentas,
Lithuania») were used to distinguish the T (fragments
of 240 and 35 bp) and C (275 bp) alleles. A set of 24
samples was analysed three times within 3 weeks with
100 % conformity.

Conclusion. Using genetic markers in cardio-
vascular research is producing new insights concerning
the etiology of cardiovascular disease. Recent genome-
wide association studies demonstrate clear associations
between single nucleotide polymorphisms and impor-
tant cardiovascular phenotypes. However, risk alleles
for the single nucleotide polymorphisms in question do
not explain a sufficient portion of individual risk to be
useful for screening purposes [26].

Genome-wide association studies, and to certain
extent also single gene polymorphism studies could be
valuable tool to detect processes and gene-environment
interactions. The Cx37 gene polymorphism could be,
therefore, one of genetic markers fulfilling criteria for
gene-environment interaction including gender orien-
ted approach. Studying this gene including its expres-
sion and phenotype could be rewarding in evaluating
the biology of the vessel wall and atherosclerosis.

Our data indicated Cx37 gene polymorphism could
have gender- and smoking-dependent effects on acute
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coronary events and glucose dependent effect on earli-
er stages of atherosclerosis in women. To confirm, if
these results could be generalized, larger studies from
different populations with respect to their risk status are
needed.
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A. Ilima, I1. I[Timosa, A. A. I'ybauex

Ponb nonimopdizmy rena konekcuny 37 (1019C > T; Pro319Ser) y

CEpPUEBO-CYAUHHUX 3aXBOPIOBAHHAX

Pesrome

Heseaoicaouu na 00HO3HAYHICMb NPOCHOCMUYHO20 3HAYEHHS YCiX
MpaouyiuHux Gaxkmopie pusuky cepyeso-cyOuHHUX 3axX60PI06aHb,
iCHYIOMb 3HAYHI PO3OINCHOCMI Y IXHIX KNIHIYHUX NPOAGAX Y DI3HUX
nayienmie. OOHI€I 3 OCHOBHUX NPUYUH YbO2O € HEOOHAKOBULL 2eHe-
muunull Gon. 3-nomisxc HedagHO 002080PHOBAHUX 2eHIB-KAHOUOA-
mie, AKI GNAUGAIOMb HA CePYeBO-CYOUHHI 3AXBOPIOBANHA, 0OPAHO
een 6inka xonexcuny 37 (Cx37). Lei 6inox eionosioae 3a middc-
KATMUHHI 63a€MO0IT, 6KAI0YAI0HU KATMUHU CIMIHOK KPOBOHOCHUX CY-
oun. Jlocniooicenns, 30cepeddiceni Ha ROWYKY 36 SI3KY MIJC NOTi-
mopgismom eena konexcuny 37 (1019C > T, Pro319Ser) ma cepye-
80-CYOUHHUMU 3AX80PIOBAHHAMU, NOKA3VIOMb CYNePeUIUsi pe3yib-
mamu. Hawi docnioscenns 1316 4on08ikie i dciHOK OeMoHCHI-
pytoms, wo nonimopghizm cena Cx37 (2enomun CC) 3naunoro mipoio
108 A3aHULL 3 20CMPUM KOPOHAPHUM CUHOPOMOM Y JHCIHOK, AKI He KY-
pamo. OKpim moeo, y MiCbKUX i CilbCbKUX HCIHOK i3 3a2albHOi nony-
asayii (n = 1056) 3 nopywenoio 2nikemiero yetl e 2eHOMUN NO-
8 ’A3aHUll i3 30INbUWEHHAM MOBWUHU ITHMUMU COHHUX apmepiil, 8u-
Mipsanoi ynempazeykom. Y 289 owcinok 3 diabemom 1-20 abo 2-20
muny iy 208 scinoK i3 3a2a1bHOI NONYAAYIT 3 OHCUPTHHAM 2EHOMUN
CC suasuscs 36 ’A3aHUM 3 HUICHUM WUKOJOMKO-NIEHOBUM [HOEK-
com mucky kposi. Taxi dani nokazyroms, wo cmams i KypiHHA Oi-
10Mb HA 20cMPi KOPOHAPHI NPOAGU, 00YMOBIEHT NOAIMOppizmom 2e-
na Cx37, 0115 JHCIHOK 8UABIICHO MAKOIC 2/II0OKO303ANEIHCHUL 6NIUE HA
amepocknepos.

Kniouosi crosa: nonimopgism eena xonexcuny 37, amepockie-
P03, 20CmMpuil KOPOHAPHUL CUHOPOM, KYPIHHS HCIHOK, 2HiKeMisl.

A uma, I1. [Tumosa, A. A. I'y6auex

Pons monmumopdusma rena kounexkcuna 37 (1019C > T; Pro319Ser)

B CEPIEYHO-COCYUCTHIX 3a00ICBAHUAX

Pesrome

Hecmomps na 00HO3HAUHOCMb NPOSHOCMUYECKO20 3HAYCHUS 6CEX
MPAOUYUOHHBIX YAKMOPOB8 PUCKA CepOeYHO-COCYOUCIbIX 3ab0Te-
BAHULL, NO-NPEACHEMY CYUEeCMEYIOM 3HAYUMELbHbLIE OMAUYUSL 8 UX
KAUHUYECKUX NPOSGNCHUAX Y PA3HbIX nayueHmos. OOHOU U3 0CHOG-
HbIX NPUYUH 9MO20 AGNIAEMCA HeOOUHAKOGHIL 2eHemuuecKutl (oH.
Cpeou HedasHo 00CyHcOaembix eHO8-KAHOUOAMO8, GAUAIOWUX HA
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cepoeuno-cocyoucmele  3a001e8anus,  @blOpaH  2eH  beiaxa
xkonnexcuna 37 (Cx37). Dmom benok omeemcmeen 3a MeiCKiIemoy-
Hble 83AUMOOCUCMEUsL, BKII0YAS. KAeMKU CIeHOK KPOBEHOCHbIX CO-
cyoos. Hcceneoosanus, cocpe0omoueHHvle HA NOUCKAX C8A3U
medxncdy Cx37 nonumopgpuszmom cena (1019C > T; Pro319Ser) u cep-
0euHO-cocyoucmolMu 3a001e8aHUAMU, NOKA3bIEAIOM NPOMUBOpe-
yugvle pesyromamsl. Hawu uccnedosanus 1316 myoscuun u
JHCEHWUH OeMOHC- pupyiom, umo noaumopgusm cena Cx37 (zeno-
mun CC) 6 3HauumenvHol cmenenu C833aH ¢ 0CMPLIM KOPOHAPHBIM
CUHOPOMOM Y He- Kypawux dceHujun. Kpome mozo, y 20poockux u
cenbeKux dceHuun u3 oowei nonyasyuu (n = 1056) ¢ napywennoii
2nuKeMuel mom Jce 2eHOMUN C8A3AH C Y@eNUYeHUeM MOTUJUHBL UH-
MUMbL COHHBIX apmeputl, Usmepennol yiompaszgykom. Y 289 ocen-
wun ¢ ouabemom 1-20 unu 2-20 muna u 'y 208 sxcenwun uz obwei
nonynayuu ¢ oxcupenuem eenomun CC okazancs c613aHHbIM ¢ 00-
Jee HUBKUM TOO0bIJICEUHO- NAeHe6biM UHOCKCOM OdBNeHUs KPOGU.
Omu dannvie nokaswvieaiom, ymo non U Kypeuue Oeticmeyiom Ha
ocmpuie KOpOHApHble NPOsBNeHUs, 00YCl08IeHHble NOTUMOPPU3-
mom 2ena Cx37, Onst dcenyun 8blsa6aeH MaKice 2110K0303a8UCUMOe
BAUAHUE HA AMEPOCKAEPO3.

Knmiouesvie crosa: nonumopgpusma eena konnexcuma 37, amepockie-
P03, OCmpblll KOPOHAPHBIU CUHOPOM, KYPEHUE IHCCHUWUH, 2TIUKEMUSL.
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