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Abstract

Klinefelter syndrome (KS) is a common sex chromosome-related abnormality seen among men. KS negatively affects
spermatogenesis and testosterone production. It increases the risk of thrombosis but its molecular mechanism has
not been well described yet. Elevated PAI-1 is a risk factor for thrombosis. The rs1799889 polymorphism located in
the promoter region of the PAI-1 gene was detected in patients with deep venous thrombosis. In this study, the PAI-1
gene variant and its plasma levels in KS patients were examined. Forty-one KS patients (47, XXY) and 50 age-matched
healthy controls participated. DNA was isolated from peripheral blood and a real-time PCR method was used to
detect known SNPs in the PAI-I gene. In addition, PAI-1 plasma levels were measured by using ELISA method. There
was no significant difference between PAI-I gene polymorphisms of KS patients and controls (p > .05). The significant
difference was observed in PAI-| plasma levels between two groups (high PAI-1 plasma level in KS patients compared
to controls). The patients’ group mean was 55.13 and control group mean in PAI-1 level was 29.89 ng/ml (p = .020).
Clinical features related to thromboembolism especially varicose veins were detected in KS patients frequently (p = .04).
These results suggest that thromboembolism related to clinical features is seen more frequently in cases with KS, but

it may not be dependent only on the PAI-1 gene polymorphism structure.
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Klinefelter syndrome (KS) is a disease with chromosomal
abnormality detected only in men. KS as a sex chromo-
somal abnormality is a common genetic disease and
can be seen in every 1 in 500—1000 births throughout
all ethnic groups. According to karyotype analyses, these
patients have an extra one or more X chromosomes.
Eighty percent of these patients have 47, XXY karyotype;
others have 46, XY/XXY mosaicism, chromosomal
aneuploidies, and structurally damaged X chromosome
(Grabski, Pusch, & Schirren, 1979; Lanfranco, Kamischke,
Zitzmann, & Nieschlag, 2004).

Clinodactyly and other malformations like undescended
testes and cleft palate may manifest at higher frequen-
cies in patients with extra X chromosomes. Besides,
KS patients have risks of several complications such as
epilepsy, abdominal obesity, taurodontism, osteoporosis,

cancer, systemic lupus erythematosus, and heart disease.
In addition, these patients suffer from vascular diseases,
including varicose veins, thromboembolism, and pulmo-
nary embolism during their life span (Nieschlag & Behre,
2004; Paduch, Fine, Bolyakov, & Kiper, 2008; Zoller, Ji,
Sundquist, & Sundquist, 2016).

Many studies have demonstrated that PAI-1 gene poly-
morphisms may have an important role in the formation of
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thrombosis. PAI-1 gene has a role in the fibrinolytic sys-
tem and is in a balance with tissue plasminogen activator
(t-PA) in the coagulation process. PAI-1 gene is a member
of the serpin family (Bajzar, 2000). The increased PAI-1
level is a risk factor for thrombosis. 4G/4G, 4G/5G, 5G/5G
polymorphisms (rs1799889) are located in the promoter
region of PAI-1 gene. Shanmugam, Tsagaris, and Attinger
(2012) demonstrated that low testosterone increases the
PAI-1 level and elevated PAI-1 activity is associated with
the pathogenesis of ulceration, thromboembolism, and so
forth. In addition, increased PAI-1 activity affects fibrino-
lysis negatively in KS and this inverse relationship sup-
ports the beneficial role of androgen therapy in KS patients
with venous leg ulcers (Gattringer, Scheurecker, Hopfl, &
Miiller, 2010). In the present study, the frequency of PAI-1
gene 4G/5G  polymorphism in KS patients was
investigated.

Materials and Methods

Study Cohort

The study groups were composed of 41 KS patients and
50 fertile and healthy males as control group. These KS
patients were admitted to Istanbul University-Cerrahpasa,
Cerrahpasa Medical Faculty, Department of Medical
Genetics and Istanbul University Medical Faculty,
Department of Medical Genetics between 2009 and 2016
to the infertility outpatient clinic. This study was approved
by the Cerrahpasa Medical Faculty ethics committee.
These patients were asked for their history of abnormal
hormonal level and any other medical treatments. Patients
were examined whether they had a stroke, circulatory dis-
ease, vasculitis, varicose, leg ulcer, diabetes, high ten-
sion, thrombosis, thromboembolism, hormone treatment,
autoimmune disease, and hepatitis B and C infections. All
patients had 47,XXY genotype. Those patients who had
46 XY/47XXY mosaicism and other chromosomal
abnormalities were excluded.

The control group was selected randomly from age-
matched healthy males. In the selection process, the fol-
lowing imperative criteria were considered: men have at
least 1 child. Individuals with symptoms as deep vein
thrombosis, autoimmune disease, hepatitis B and C infec-
tions, and individuals under hormonal treatment and so
forth were excluded from the study as well.

Methods

At the study onset, as a total of two Ethylenediaminetetra-
acetic acid (EDTA) (anticoagulated tubes) tubes, 2 millili-
ters of whole blood sample was collected with the standard
venipuncture technique. One of these tubes was taken for
the isolation of DNA by using genomic DNA purification

mini kit (E.Z.N.A.® Omega Kit, Georgia); the other one
was used to obtain plasma, which is used to determine
PAI-1 levels. Real-time PCR technique (FLUORINE;
PAI-1 4G-5G QLP 3.0 Real-Time PCR Kit) was applied to
assess PAI-1 gene polymorphisms (4G/4G, 4G/5G, 5G/5G)
in patients with KS and control group. PCR was performed
with the following components: Tris-Cl, KCl, (NH4)2S04,
8 mM MgCl2, dNTP, 0.6 uM each primer, 10 ng/ul
genomic DNA, and 0.05 U/ul HotStarTag DNA poly-
merase. The temperature protocol for the PCR was adjusted
to the following: the sample mixture was heated to 95°C
and held for 15 min to fully denature the template, then 15
s at 95°C, followed by a series of 45 cycles 1 min at 62°C
annealing temperature, which was followed by a final at
22°C.

Moreover, Enzyme-linked immunosorbent assay
(ELISA) method was carried out to determine PAI-1
plasma levels.

All of these data were analyzed using independent
sample ¢ test, Mann—Whitney test, and chi-square tests in
the SPSS software package.

Results

Patients and control groups were matched in terms of their
ages; 41 KS patients (age range: 19—42; mean age: 30.80
* 5.69 years) and 50 healthy males as control group (age
range: 25-38; mean age: 32.68 £ 3.26 years). Table 1
demonstrated all parameters related to the aim of this
study. In addition, the average of BMI index range: 16.3—
36.3 (mean BMI 25.35 + 5.13 kg/m?), follicle-stimulating
hormone (FSH) range: 1.65-103.7 mlU/ml (mean of FSH
levels 42.84 *= 21.13), and testosterone range 0.36-5.63
ng/ml; (mean of FSH levels 2.34 + 1.28) in KS patients.
There was no male who had testosterone treatment in KS
patients and also approximately %50 of them was smok-
ing and %25 of them was alcohol consumer.

The PAI-1 gene polymorphisms (4G/4G; mutant poly-
morphism, 4G/5G; heterozygote polymorphism, 5G/5G;
wild-type polymorphism) of patients with KS and control
group are shown in Table 1. The distribution of PAI-1
gene polymorphisms was in accordance with the Hardy-
Weinberg equilibrium (patients p = .1, controls p = .157).

There were no statistically significant differences
between two types of polymorphisms (4G/4G; mutant,
5G/5G; wild type) and PAI-1 plasma levels. But, PAI-1
plasma levels of heterozygote polymorphism carriers
(4G/5G) were identified to be statistically significant
compared to heterozygote 4G/5G polymorphism carriers
among controls (Patient mean = 67.01; control mean =
28.60; p = .033). In general, without considering poly-
morphic groups, the PAI-1 plasma levels of patients were
detected higher than the control group (p = .020). Clinical
symptoms related to thromboembolism especially the
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Table I. All Observed Parameters and P Values of Patients With KS and Controls

Variables Patients (*=SD) Controls (=SD) P value
Age (N = 41) (N = 50) .052
30.804 * 5.69 32,680 = 3.2
Polymorphism 4G/4G (mut) 10 (24.3%) 15 (30%) 46
4G/5G (het) 16 (39%) 20 (40%) .8
5G/5G (wild) 15 (36.5%) 15 (30%) .32
Allele 4G 36 50 41
5G 46 50
PAI-1 plasma Total N =40 N =50 .020*
level (55.13 £ 60.25) (29.89 = 32.19)
4G/4G (mut) 10 15 73
(30.43 = 10.9) (28.11 = 21.83)
4G/5G (het) 16 20 .033*
(67.01 £ 63) (28.60 = 23.74)
5G/5G (wild) 14 15 .28
(59.2 £ 74.6) (33.41 = 48.6)
Varicose veins Present 17/38 6/29 .040*
Absent 21/38 23/29

Note. Mut = Mutant allele; het = heterozygote; wild = wild type allele.
*shows the statistically significant parts

presence of varicose veins were found more frequent in
patients compared to control group (p = .040).

Discussion

KS has a tendency toward hypercoagulability because of
hormonal imbalance and one or more inherited thrombo-
philic factors (Kang et al., 2012; Niemann, 2013). In sev-
eral studies, prevalence of venous thrombosis,
thromboembolism (especially pulmonary thromboembo-
lism), and leg ulcers was seen to be increased in patients
with KS because of androgen deficiency. According to
Campbell and Price’s study (Campbell, 1981) where 412
KS patients were examined, the prevalence of deep vein
thrombosis and pulmonary embolism was observed to be
increased in cases who are 1-20 years old. Winkler (1996)
reported the reason for this disease is androgen imbalance
which in turn affects hemostasis negatively.
Hypogonadism increases PAI-1 plasma level in this
way high PAI-1 plasma level causes to decrease fibri-
nolytic activity. The formation of thrombosis or throm-
boembolism does not depend on only hormonal
imbalance but also depends on hereditary thromboem-
bolic factors (Campbell, 1981; Winkler, 1996). It is
thought that the polymorphic structure formed in the
675 pair in the PAI-1 gene promoter region may play
an important role in the formation of thrombophilia.
The polymorphic structure seen in the PAI-1 gene;
4G/4G, 4G/5G, and 5G/5G. The 5G allele has been
reported to have an additional protein binding site. In
the 4G allele, this region is not present. It is understood
that the elevated level of PAI-1 is positively correlated

with the 4G allelic polymorphism structure. Thus, the
idea that the additional protein binding site in the 5G
allele is involved in a repressor protein is gaining in
importance (Cooper, Whinna, Jackson, Boyd, &
Church, 1995; Francis, 2002).

This study investigated that the polymorphism in the
promoter region at 675 base pair of PAI-1 gene could
have an important role in the formation of thrombophilia.
The 5G allele of PAI-1 gene was identified to have an
additional linkage protein region in contrast to the 4G
allele. Increased PAI-1 levels and 4G allele polymor-
phisms were seen to be positively correlated. In this
regard, the 5G allele can bind E2F transcription repressor
of PAI-1 and 4G allele does not. 4G allele polymorphism
may explanation for increased PAI-1 plasma levels in
patients with KS (Rérolle et al., 2008). This study also
compared both PAI-1 gene polymorphisms 4G/4G,
4G/5G, 5G/5G and PAI-1 plasma level in KS and control
group. The risk of thromboembolism increases with the
age, which was why we composed a cohort that would
include young individuals within a patient group and con-
trol group. The clinical symptoms related to thromboem-
bolism (especially varicose vein) were searched in the
patients with KS and the control group who were included
in this study.

PAI-1 polymorphisms and the increased plasma lev-
els of PAI-1 may trigger the formation of thromboembo-
lism in patients with KS due to hypoandrogenism (Kang
et al., 2012; Shanmugam et al., 2012). In this study, het-
erozygote polymorphism (4G/5G) PAI-1 gene was iden-
tified to be statistically significant as compared to PAI-1
plasma levels (p = .033). The appearance of high PAI-1
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plasma levels in patients with KS who have 4G/5G
polymorphism suggests that thromboembolism forma-
tion may be more common in these individuals. It was
determined that individuals with 4G/5G polymorphism
in the patient group had a significant effect on clinical
features related to thromboembolism rather than the
control group.

PAI-1 plasma levels of the patients’ and control groups
were determined in this study and according to obtained
results, the mean of PAI-1 plasma level in KS was defined
to be about two times higher than the control group (mean
of patients: 55.13/controls: 29.89) when plasma levels
were compared between the patients’ and control group
and the p value of the respective test was .02. When PAI-1
gene polymorphism with PAI-1 plasma levels were com-
pared in both patients’ and control groups, the PAI-1
plasma level was determined to be statistically significant in
patients with 4G/5G polymorphism (p = .033). These
results demonstrate that there is a correlation between
PAI-1 plasma levels and heterozygote (4G/5G) polymor-
phism. This study also examined the patients’ and the
control group for the clinical features related to thrombo-
embolism. Patients’ and control groups were compared
for PAI-1 polymorphism structures and clinical findings
related to the formation of thromboembolism, and no sta-
tistically significant difference was seen (patients, p =
.55; controls, p = .99). When patients and control group
were compared, clinical findings related to thromboem-
bolism (especially varicose vein) were defined to be more
frequent in cases with KS. These results suggest that
thromboembolism related to clinical features are seen
more frequently in cases with KS, but it may not be depen-
dent only on PAI-1 gene polymorphism. Also, the PAI-1
gene polymorphism suggests that it may also be associ-
ated with other mechanisms that are effective in the fibri-
nolysis and coagulation system as inhibitors or as catalysts.
The number of patients might be one of the limitations of
this study. By increasing the number of patients, the pres-
ence of the polymorphism could be correlated with the
actual PAI-1 levels of KS patients.

In further studies, the other factors that are associated
with the PAI-1 gene in both fibrinolysis and coagulation
mechanism should be investigated separately by increas-
ing the number of patients with KS and controls.
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