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Summary

The gene for connexin 37 (Cx37) is considered to be one of the
candidate genes for cardiovascular disease. We evaluated the
association between Cx37 (1019C>T) gene polymorphism
(Pro319Ser) and ankle brachial blood pressure index (ABI) in
women with type 1 (n=178) and type 2 (n=111) diabetes, and in
women from general population (n=862). All women were
genotyped for Cx37 polymorphism. In addition to traditional
cardiovascular risk factors, ABI was analyzed. In women with
type 1 diabetes, ABI significantly decreased from TT to CC
carriers (p for trend= 0.008). A similar trend was seen in women
with type 2 diabetes (p=0.050) and in women with waist
circumference above 75" percentile (94 cm; n=208) of the
general population (p=0.049). The gene for Cx37 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.
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The possible role of gap junctions in the process
of atherosclerosis has been recently a matter of debate.
An important factor in atherosclerosis development could

be the altered communication between endothelial cells,
vascular smooth muscle cells, and macrophages. The
protein Connexin 37 (Cx37) has been suggested as one of
the main participants in these inter-cell communications
(Burnier et al. 2009). The protein is a member of the
Connexin family forming gap-junction channels and
hemichannels, distinctively affecting permeability for
1019C>T
polymorphism (Pro319Ser) of the Cx37 gene could

various  signaling  molecules. The
change function of this protein and could be a possible
accelerator of atherosclerosis and cardiovascular disease.
The main mechanism proposed is the increased adhesion
of macrophages to the vessel wall (Wong ef al. 2006) and
as recently described in the population of obese men,
macrophages could play a complex role in the metabolic
and inflammatory processes in humans including
atherosclerosis (Broch ef al. 2010). However, regarding
association  between  this  polymorphism  and
cardiovascular disease non-consistent data are presented
(Yeh et al. 2001, Yamada et al. 2002, Hirashiki et al.
2003, Han et al. 2008)

Diabetes mellitus ranks among the strongest
predictors of cardiovascular disease (Milicevic et al.
2008). In diabetic patients, smaller vessels are involved
more extensively than in non-diabetic populations.
Hypothetically, gap junctions could play a more
important role in patients with diabetes and/or insulin
resistance. Therefore, the gene for Cx37 could play
important role in these populations.

We evaluated the association between the Cx37

gene polymorphism and ankle/brachial blood pressure
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Table 1. Ankle-brachial blood pressure index in women without and
diabetes stratified by the Connexin 37 (1019C>T) gene polymorphism.

with advanced central obesity, and in women with type 2 and 1

Connexin 37 gene Type 1 diabetes

Type 2 diabetes

General population
Waist >94 cm

General population
Waist <94 cm

n (TT/CT/CC) 18/79/81 13/45/53 21/97/90 80/300/274
% 10.1/44.4/45.5 11.7/40.6/47.7 10.1/46.6/43.3 12.2/45.9/41.9
T 1.07+0.12 1.00 +0.06 1.05+0.11 1.06 £0.09
CcT 1.01+0.11 0.99+0.13 1.06 £ 0.09 1.05+0.09
cc 0.98£0.12 0.96+0.19 1.03+0.08 1.06 £ 0.08
p value for trend 0.008 0.05 0.05 0.33

Data are mean + S.D.

index (ABI) in women with type 1 and 2 diabetes and in
women from the general population with markers of
insulin resistance expressed as increased waist
circumference.

Women with type 1 (n=178) and type 2 diabetes
(n=111) were examined in one center with regard to the
presence of cardiovascular risk factors, genetic markers
of atherosclerosis and the presence of preclinical
including ABI.

criterion was participant’s age over 55 years and/or

atherosclerosis The only exclusion
refusal to be included in the study. We also analyzed data
from a random population sample of 8§74 women between
45-55 years old. The Institutional Ethical Committee
approved the study and all participants signed informed
consent forms.

All women were examined by identical protocol
including a questionnaire focused on cardiovascular
disease, cardiovascular risk factors, and treatment. In
addition, anthropometric measurements (weight, height,
waist and hip circumferences), and blood pressure
measurements were obtained in the standard manner.
Women with history of current and past regular smoking
were defined as smokers. Body mass index was
calculated as weight in kg over squared height in meters.

DNA was isolated from frozen EDTA blood
(Miller et al 1988). To genotype the C1019>T
(Pro319>Ser) variant within Cx37 gene, oligonucleotides
5" CTGGACCCACCCCCTCAGAATGGCCAAAGA
and 5° AGGAAGCCGTAGTGCCTGGTGG
restriction enzyme Aasl (Fermentas, Lithuania) were used
to distinguish the T (fragments of 240 bp and 35 bp) and

C (275 bp) alleles. A set of 24 samples was analyzed

and

three times within 3 weeks with 100 % confirmity.
ABI was calculated as the quotient of the mean
of systolic blood pressures at four ankle arteries and the

mean of systolic blood pressures of brachial arteries.
Blood pressures were obtained in all arteries from all
participating women. In women with type 1 and 2
diabetes, the measurements were done by continuous-
wave Doppler ultrasound device with 10 MHz probe
(SmartDop 50, Hadeco, Japan). In women from the
general population, a continuous-wave Doppler
ultrasound device with 10 MHz probe (Sonovit SV-1,
Schiller AG, Switzerland) was used.

Descriptive data are presented as percentages for
categorical variables and means with standard deviation
for continuous ones. The differences between carriers of
different genotypes were analyzed as p for the trend in
the case of continuous variables; for discrete variables a
Fisher exact y° test was applied (STATA software). To
define high risk women from the general population, the
75™ percentile value of given continuous risk factors
(body mass index, waist circumference, fasting glycemia,
plasma lipids) was used as the cut off point.

Observed frequencies were similar to the
frequencies published previously in other Caucasian
populations (Boerma et al. 1999, Horan et al. 2006,
Collings et al. 2007, Lanfear et al. 2007) and did not
significantly differ between groups under study (Table 1).

The mean age of women from the general
population, in women with type 2 and type 1 diabetes
50.0+£2.7, 48.9+7.3, 36.9+£10.2 years,
respectively. The prevalence of smoking in women from

was and
general population, women with type 2 diabetes, and with
type 1 diabetes was 49.9, 53.0, and 33.5 %, respectively.
The mean duration of diabetes in women with type 2 and
type 1 diabetes was 9.0£7.1 and 15.7+9.6 years,
respectively. Prevalence of cardiovascular disease
(ischemic heart disease, peripheral artery disease, and

history of stroke) in women from the general population,
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in women with type 2 diabetes, and in women with type 1
diabetes type was 5.5, 31.9, and 19.7 %, respectively.

As summarized in the Table 1, ABI significantly
decreased from TT to CC carriers in type 1 diabetes
(p= 0.008). A similar trend was observed in type 2
diabetes (p=0.050). Additionally, we analyzed data from
general population with a focus on the women at high
risk for insulin resistance (75" percentile cut point -
fasting glycemia, body mass index, waist circumference
and plasma lipids). In women with waist circumference
above 75" percentile, i.e. above 94 cm (n=208;
TT/CT/CC: 10.1/46.6/43.3 %), a significant trend of
decreasing ABI from TT to CC carriers was found
(p=0.049).

In addition, in women who reported the presence
of impaired fasting glycemia and at the same time had
fasting glycemia above 75" percentile, i.e. above
5.5 mmol/l, a similar trend of decreasing ABI from TT to
CC carriers was observed (p=0.015). However, the
number of these women was low (TT/ CT/ CC: 6/20/22).

No association between the Cx37 gene and
other cardiovascular risk factors under study were found
in women with type 1 diabetes and in women from the
general population with increased waist circumference. In
women with type 2 diabetes, we observed that age (TT,
CT, and CC: 47.5+£8.8, 47.5£7.4, and 50.2+6.9 years;
p for trend = 0.049) and HDL cholesterol (TT, CT, and
CC: 1.45+0.67, 1.3240.42, and 1.56+0.57 mmol/l; p for
trend = 0.050) increased from TT to CC carriers. In
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