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Introduction Non-traumatic avascular necrosis of the femoral head (ANFH) is a poly-etiologic and socially significant disease in the age of
20 to 50 years and is associated with disability. Research on the identification of necrosis causes/predictors is a relevant issue. Purpose To
study the contribution of polymorphisms in the genes of coagulation factors F7 and F13 in the aetiology of non-traumatic avascular necrosis
of the femoral head. Methods Polymorphisms of the genes of coagulation factors F7 and F13 were studied; comparative analysis of the
frequency of important allelic variants of F7genes (Arg353Gln) and F13 (Vall34Leu) in patients with a verified diagnosis of aseptic necrosis
(study group) and in healthy patients (control group) was performed. The study group included 41 patients (all males) with aseptic necrosis
of the femoral head of unknown etiology. Results The frequency of gene alleles in the F7 Arg353Gln in the study group were: GG in 30 out
of 41 patients (73.2 %), GAin 11 out of 41 patients (26.8 %), and none of 41 patients had a polymorphic variant AA. The frequency of alleles
of this type of gene in the control group was as follows: GG in 7 out of 320 subjects (2.2 %), GA in 66 out of 320 patients (20.6 %), AA in
247 out of 320 (77.2 %). Significant differences were identified in the frequencies of homozygous genotypes, AA (x> =100.215, p < 0.001)
and GG (y*=205.770, p < 0.001) in the study and control groups respectively. As for the heterozygous GA genotype, the differences were
not significant (3> = 0.834, p = 0.362). The GG genotype of the gene Vall34Leu F13 WAS 2.8 times more frequent in patients of the study
group, differences were statistically significant (26.8 % against 9.7 %, x> = 10.388; p = 0.002). The presence of the TT genotype of the
gene Vall34Leu F13 was almost five times more frequent (%> = 18.956, p < 0.001) in healthy individuals (control group). Differences in the
frequency of allele T in homo/ and heterozygous combinations (TT and GT) in the study and control groups was also significant (72.7 % vs
90.1 %, respectively, x> =4.946, p = 0.027). Discussion Polymorphisms of coagulation factors genes F7 and F13 have a significant effect on
the genesis of non-traumatic avascular necrosis of the femoral head. Risk factor of ANFH development is homozygous GG genotype in the
gene Arg353Gln F7. Low probability of the disease is due to a protective role of AA genotype of the gene Arg353Gln F7 and TT genotype
of the gene Vall34Leu F13.
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INTRODUCTION

Non-traumatic aseptic necrosis of the femoral
head (ANFH) is a disease characteristic for males
aged 20 to 50. Disability of young people due to
this disease is a socially significant issue [1, 2].
Long-term use of corticosteroids, alcohol abuse,
systemic lupus erythematosus, sickle cell anemia,
Legg-Calve-Perthes disease, ionizing radiation, and
cytotoxic agents are among the causes of ANFH |3,
4]. However, it is known that necrosis of the femoral
head can be observed in the absence of the above-
mentioned factors — the so-called "idiopathic ANFH".

According to the literature, the development
of ANFH is based on three main mechanisms:
mechanical obstruction to blood flow, thrombotic
occlusion of blood vessels, and extravascular
compression [5]. The importance is attributed to
the interaction between the genetic predisposition
to hemocirculation disorders and external factors.
A lot of patients with ANFH feature a combination
of unfavorable external risk factors with hereditary
ones such as hypercoagulation, hemoglobinopathies,
angiogenesis disorders, oxidative stress [6].

It can be assumed that several hereditary features
(polymorphisms) of the genes of blood coagulation
factors play a certain role in the ANFH pathogenesis.
It is known that the hemostasis system is a
combination of processes that ensure the liquid state
of the blood, maintain its normal viscosity, prevent
and stop bleeding. It includes factors of coagulation,
natural anticoagulant and fibrinolytic systems of
blood. Normally, all the processes are in a certain
balance and provide a liquid state of the blood. A shift
in the balance due to internal or external factors may
increase the risk of bleeding and blood clotting.

In assessing the risk of thromboembolism and
heart attacks, special attention is paid to the genes of
coagulation (clotting) factors VII and XIII (F7, F13).
Their changes are aimed at providing a protective effect
in most cases. A decrease in the activity of these factors
contributes to a decrease in thrombus formation [7, 8].

The F7 gene encodes coagulation factor VII, a
vitamin K-dependent proenzyme produced in the liver.
The main physiological role of F7 is the activation of
blood coagulation factor X. After damage to the vessel,
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F7 binds to tissue factor III and becomes active. This
reaction is the main event in the process of blood
clotting [9]. Changes in the F7 gene have a protective
effect on the risk of thromboembolism in most cases.
Substitution of guanine (G) for adenine (A) at position
10976 (genetic marker G10976A) leads to a change in
the biochemical properties of factor VII. The decrease
in F7 activity as a result of replacement helps to reduce
thrombus formation. The AA genotype is a cause for a 72
% decrease in the activity of the F7 enzyme as compared
to the wild one (most often found in the population),
the GG genotype [10]. The marker is associated with
a decrease in the likelihood of myocardial infarction,
even if severe coronary atherosclerosis has been
angiographically documented. Heterozygotes (carriers
of one allele A and one G, genotype AG) have a risk of
myocardial infarction two times less than carriers of two
alleles G (genotype GG) [11].

Factor XIII (F13) is a plasma glycoprotein that
circulates in the blood plasma in combination with
the fibrinogen protein. When the blood coagulation
system is activated, F13 is degraded by the enzyme
thrombin (coagulation factor II). Calcium ions are a

cofactor in this reaction. The activated protein F13a
catalyzes the "crosslinking" of fibrin monomers,
forming bonds between amino acids, what leads to
the formation of fibrin polymer. Fibrin is the basis
of a blood clot; it stabilizes a thrombus, completing
the process of blood coagulation [12]. Changes
in the F13 gene in most cases reduce the risk of
developing pathologies associated with increased
thrombus formation. The site where the guanine (G)
nucleotide is replaced by thymine (T) at position
103 is designated as the genetic marker G103T.
The biochemical properties of the F13 protein are
transformed due to the substitution, and namely, its
ability to "crosslink" fibrin monomers, as a result
of which fibrin clots become thinner [13]. When
analyzing the frequency of alleles (G103T) in patients
with myocardial infarction and in the control group,
the protective effect of the T allele presence in the
genotype was proven [ 14].

The aim of this research was to study the
contribution of polymorphisms of the coagulation
factors genes F7 and F13 in the genesis of non-
traumatic aseptic necrosis of the femoral head.

MATERIAL AND METHODS

The research was based on the assumption about an
important role of genetic factors in the development
of aseptic necrosis of the femoral head. Therefore, we
studied the polymorphism of the blood coagulation
genes F7 and F13. Their role in the genesis of various
ischemic disorders has been known.

In the course of the comparative study, the
frequency of significant allelic variants of genes F7
(Arg353Gln) and F13 (Vall34Leu) in patients with
a verified diagnosis of ANFH (study group) and in
healthy patients (control group) was analyzed.

We examined 41 patients (all males) with ANFH.
This group included patients with an unclear cause
of the disease, clinically manifested at the age of 27
to 45 years. Exclusion criteria were alcoholism, long-
term use of corticosteroids, systemic connective tissue
diseases, blood diseases, and other known etiological
factors of ANFH [15].

The duration of the disease varied from 1 to 20
years. At the time of examination, 24 out of 41 patients
of the study group underwent one- or two-sided
total hip arthroplasty one 1 to 10 years ago due to
secondary arthrosis caused by ANFH in grade 3-4.
Fifteen patients with ANFH in grade 3 were preparing
for a similar operation. Two patients (ANFH grade 3)
received conservative treatment as they rejected the
arthroplasty. The family history of patients with ANFH
revealed a high incidence of cardiovascular diseases
(stroke, heart attack, acute thrombosis) in the close

relatives (mother / father) in 61 % (25 out of 41) of
patients in the study group. It should be emphasized
that both parents in 13 patients had cardiovascular
diseases, and six of them with a fatal outcome.

Examination of the somatic status detected arterial
hypertension of grade 1-3 in 12 patients of the study
group, six cases of varicose veins of the lower extremities,
three had a history of acute thrombophlebitis, requiring
surgical intervention, and three patients had coagulopathy
(hyperfibrinogenemia) requiring permanent medication
correction. The control group included 320 men of the
same age group (25-45 years old), a military personnel
studied during routine examinations [16]. None of the
patients in the control group had clinical manifestations
of hip joint diseases.

The examination program included the study of
polymorphisms of the Arg353GIn F7 and Vall34Leu
F13 genes by the PCR method. For genetic research,
genomic DNA was extracted on a sorbent from
lymphocytes of peripheral whole blood using a
commercial kit "DNA-sorb-B" (AmpliSens, Moscow).

Allelic variants of the genes were determined
by real-time PCR on a DT-96 amplifier (DNA
Technology, Russia) with test systems for PCR
analysis (DNA Technology, Russia) according to the
manufacturer's recommendations.

Statistical processing of the data obtained for
comparison was performed between the results
in the study and control groups. The reliability of
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the values was determined with the STATISTIKA

calculating the p-value using the Pearson y? test.

All individuals included in the study gave written
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informed consent to participate in it. The study was

approved by the Ethics Committee of the RUDN
University.

RESULTS

We analyzed the frequencies of the A and G alleles
(in homo- and heterozygous state) of the Arg353GlIn
F7 gene in ANFH patients and in healthy people.
Table 1 shows that the allele A was detected in 26.8 %
of patients of the study group, which is 3.5 times lower
than in the control group (97.1 %); the differences are
statistically significant. Allele G in the genotype was
noted in 73.2 % of patients with ANFH and in 22.8 %
of individuals from the control group; the differences
are also statistically significant (Table 1).

Table 1

Alleles A and G of the Arg353GIn F7 gene
in patients of two groups

frequency of T allele detection (TT + TG genotypes)
in ANFH patients was 73.2 %, in the control group —
90.0 %; the differences are statistically significant
(p =0.002). The differences in the frequency of the G
allele were even more significant, 90.2 % in the study
group and 54.7 % in the control group; the differences
are statistically significant, p < 0.001 (Table 2).

Table 2

Presence of T and G alleles of the Vall34Leu F13 gene
in patients of two groups

Study group | Control group 2
(ANFH,n=41)]  (n=2320) X p

Allele A

(genotypes | 11/41 —26.8 % |311/320 - 97.1 % | 186.703 |< 0.001
AA+GA)

Allele G

(genotypes |30/41 —73.2 % | 73/320—22.8 % | 45.199 |<0.001
GG+GA)

The frequency of alleles of the Arg353GIn F7
gene in the study group was: GG in 30 out of 41
patients (73.2 %), GA — in 11 out of 41 (26.8 %),
and the polymorphic AA variant was not found in
any of 41 patients. In the control group, the allele
frequencies of this gene were distributed as follows:
GG —in 7 out of 320 individuals (2.2) %, GA —in 66
out 0f 320 (20.6 %), AA —in 247 out of 320 (77.2 %).

We found significant differences in the frequencies
of homozygous genotypes, AA (¥*=100.215,
p <0.001) and GG (> = 205.770, p < 0.001) in the
study and control groups (Fig. 1). In relation to the
heterozygous GA genotype, the differences were not
significant — x> = 0.834, p = 0.362.
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Fig. 1 Frequency of alleles of the Arg353GIn F7 gene in
patients with ANFH and in the control group

Subsequently, we analyzed the frequencies of
various allelic variants of the Val134Leu F13 gene. The
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Study group | Control group 2

(ANFH,n=41)  (n=2320) X p
Allele A
(genotypes [30/41 —73.2 %|288/320—-90.0 % | 9.810 | 0.002
AA+GA)
Allele G
(genotypes [37/41 —90.2 % | 175/320 — 54.7 % | 18.956 |<0.001
GG+GA)

Analysis of the frequency of various allelic variants
of the Vall34Leu F13 gene showed that the presence
of homozygous TT genotype was noted in 4 out of 41
patients (9.8 %) of the study group, heterozygous GT
genotype in 26 out of 41 (63.4 %), homozygous GG
genotype in 11 out of41 (26.8 %). In the control group,
the frequency of these genotypes was, respectively,
45.3 % (145 out of 320), 45.0 % (144 out of 320) and
9.7 % (31 out of 320) (Fig. 2).

The GG genotype was 2.8 times more common
in patients of the study group; the differences
are statistically significant (26.8 % versus 9.7 %,
¥’ =10.388, p =0.002).
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Fig. 2 Frequency of allele variants of gene Vall34Leu

F13 in patients of both groups

Taking into account the literature data on the
protective role of the T allele in the development of
ischemic disorders, we analyzed the frequency of this
allele in the studied groups.

The presence of the TT genotype of the Val134Leu
F13 gene was almost 5 times more likely (3> = 18.956,
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p<0.001) in healthy people (control group).
Differences in the frequency of T allele in homo- and
heterozygous combinations (TT and GT) in the study
and control groups were also statistically significant
(72.7 % versus 90.1 %, respectively, y*>=4.946,

p=0.027). Taking into account the difference in
the reliability (p <0.001 versus p=0.027), it can
be concluded that the key protective role against the
development of aseptic necrosis of the femoral head
is played only by the homozygous TT genotype.

DISCUSSION

Our study has established the possible causes
of the so-called idiopathic necrosis of the femoral
head. It was shown that the risk of developing ANFH
is increased with certain polymorphisms of the
coagulation factors F7 and F13 genes.

Our data suggest that the presence of the G allele
of Arg353GlIn F7 gene can be considered as one of the
risk factors in the development of aseptic necrosis of
the femoral head. The frequency of the homozygous
GG genotype of Arg353GIn F7 gene in patients with
aseptic necrosis of the femoral head, which was
more than 30 times higher compared to the control
group, might indicate the high significance of blood
coagulation disorders in the genesis of this disease.

The universal nature of ischemic disorders in the
human body was shown by the results of a study by
M. Ramzia et al., who revealed a twofold increase in
the risk of myocardial infarction in the carriers of the
homozygous GG allele of the Arg353GIn F7 gene [17].

Also, we found that the allele A of the Arg353GIn
F7 gene was 3.5 times more frequent in the control
group. This indicates its protective role in relation to
the development of ANFH. It is known that the AA
genotype is the cause of a 72 % decrease in the F7
enzyme activity and is associated with a decrease in the
likelihood of myocardial infarction even in the presence
of severe coronary atherosclerosis [10]. In relation
to the AA genotype of the Arg353GIn F7 gene, it is
important to note that it was not detected by us in any
of the patients of the study group. There are literature
reports on the protective role of this allele in relation
to myocardial infarction and ischemic stroke [11],
which indicates similar elements of the pathogenesis
of “major vascular catastrophes” and ANFH.

When analyzing the polymorphisms of Vall34Leu
F13 gene, we found that the GG allelic polymorphism

can be considered as one of the risk factors for
ANFH. The frequencies of this polymorphism were
significantly different in the study and control groups
(> = 10.388, p = 0.002). We found no literature data
indicating an unfavorable prognostic role of the GG
genotype of the Val134Leu F13 gene in the genesis of
ischemic disorders.

The TT genotype of the Vall34Leu F13
gene was almost five times more common in
healthy people than in patients with ANFH.
Differences in the frequency of the T allele in
homo- and heterozygous combinations (TT and
GT) in the study and control groups were also
statistically significant (72.7 % versus 90.1 %,
respectively, ¥*> = 4.946, p = 0.027). Taking into
account the difference in reliability (p <0.001
versus p = 0.027), it can be concluded that the
homozygous TT genotype plays a key protective
role against the development of aseptic necrosis of
the femoral head. Low frequency of the T allele of
the Vall34Leu F13 gene in the group of patients
with myocardial infarction compared with the
control group was shown by Kreutz R. et al. [18],
that confirms the “coagulopathic” genesis of the
so-called idiopathic necrosis of the femoral head.

The homozygous GG genotype of the Val134Leu
F13 gene was 2.8 times more frequent in patients
with ANFH (26.8 % in the study group versus
9.7 % in the control group, p = 0.002). There are
variations in the interpreting the obtained data. Due
to a relatively low (less than one third) frequency of
the GG genotype in the study group, it is difficult to
assert that the GG genotype is an independent risk
factor for ANFH. Probably, it is not the presence of
the GG genotype that matters, but the absence of the
T allele in the genotype.

CONCLUSIONS

Our study shows that the polymorphisms of
coagulation factors F7 and F13 genes have a significant
effect on the genesis of non-traumatic avascular
necrosis of the femoral head. Risk factor of ANFH

development is homozygous GG genotype in the gene
Arg353GIn F7. Low probability of the disease is due to
aprotective role of AA genotype of the gene Arg353Gln
F7 and TT genotype of the gene Vall34Leu F13.
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