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Coagulation Gene Polymorphisms
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Portal Vein Thrombosis
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Aim: to investigate the frequency of gene polymorphisms related to coagulation, the folate cycle, platelet receptors,
serine protease inhibitor clade E member 1 (SERPINET), selectin P ligand (SELPLG), and Janus kinase 2 (JAK2)
in patients with pediatric-onset portal vein thrombosis (PVT).

Materials and methods. A cross-sectional study was conducted, including patients with pediatric-onset non-cir-
rhotic PVT (n = 31), all of European ancestry. Polymerase chain reaction was used to genotype the following poly-
morphisms: F2 (rs1799963), F5 (rs6025), FGB (fibrinogen beta chain) (rs1800790), ITGAZ2 (integrin subunit alpha 2)
(rs1126643), ITGB3 (integrin subunit beta 3) (rs5918), MTHFR (methylenetetrahydrofolate reductase) (rs1801133),
SERPINET (rs1799889), SELPLG (rs2228315), and JAK2 (rs77375493). A history of local risk factors for PVT in the
early neonatal period was noted in 12 (39 %) patients, including omphalitis, umbilical sepsis, and umbilical vein
catheterization.

Results. Mutationsinthe F2(rs1799963) and F5 (rs6025) genes were identified in two patients. The A allele of the FGB
gene (rs1800790) was found with a frequency of 21 %, the T allele of the ITGA2 gene (rs1126643) with a frequency
of 37.1 %, and the T allele of the MTHFR gene (rs1801133) with a frequency of 32.3 %. The 4G polymorphism in the
SERPINET gene (rs1799889) was the most frequent: it was found in the homozygous form in 18 (58 %) patients and
in the heterozygous form in 9 (29 %) patients; the frequency of the 4G allele was 72.6 %. The somatic JAK2 muta-
tion (rs77375493) was not detected in any of the patients. The presence of either a mutation in the F2 or F5 genes,
or homozygous variants for the other studied polymorphisms, was identified in 24 (77 %) patients. A single genetic
risk factor was present in 15 (48 %) patients, two factors — in 6 (19 %) patients, and three factors — in 3 (10 %)
patients. No significant differences in the frequency of individual polymorphisms were found between patients with
and without local risk factors. However, the combination of the A allele of the FGB gene and the C allele of the ITGB3
gene was observed significantly more frequently in patients with local risk factors compared to those without (33 %
vs. 5 %; p=0.039).

Conclusion. In a small Russian cohort of patients with pediatric-onset PVT, well-known thrombophilic mutations
in the F2 and F5 genes were identified. Also, polymorphisms in SERPINE1, MTHFR, FGB, ITGA2, ITGB3, and SELPLG
genes were identified, which potentially contribute to an increased risk of thrombosis.
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MNonumopdunambl reHOB CBEpPTbIBaHUSA Y NALUEHTOB C AEeTCKUM Ae0l0TOM
HeUMppPoOTNYECKOro Tpomo603a BOPOTHOI BEHbI

M.10. HagnHckas*, K.A. I'ynsesa, 3. TpawkyH, . JaayHu, M.A. Npueanos, B.T. BallkuH
®raAQy BO «[lepBbiii MOCKOBCKWIA roCyAapCTBEHHbIA MeaULIMHCKUIA yHuBepcuteT uM. .M. CedeHoBa» MuHucTepcTBa
3apaBooxpaHeHusi Poccuiickoii Penepaumm (CedeHoBCkuii YHuBepeuteT), MockBa, Poccurickas denepaims

Llenb: 13y4nTb 4aCTOTY NONMMOPPU3MOB reHOB Koarynaunmn, GosaTHOro Lukia, PeuenTopoB TPOMOOLUTOB, UHIN-
ouTopa cepunHOBOW NpoTeasbl knacca E, uneH 1 (SERPINET, serine protease inhibitor clade E member 1), nuraHna
P-cenektuHa (SELPLG, selectin P ligand) n sHyc-kunHa3sbl 2 (JAK2, Janus kinase 2) y nauyeHToB ¢ AeTCKUM Oe6I0TOM
Tpomb603a BOPOTHOW BEHbI (TBB).
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Martepuanbl u MeToabl. [1POBEAEHO NONEPEYHOE UCCNeA0BaHME, B KOTOPOEe BKIoYeH 31 nauMeHT C 4eTCKUM ae-
Ol0TOM HeumppoTudeckoro TBB. Bce y4acTHUKM nccnenoBaHus Obinv eBPONenckoro nponcxoxaeHuns. Metooom

NoOJSIMMEPAasHON LIEMHOM peakuum ndyveHbl NonMMmopdunamsl reHoB: F2 (rs1799963), F5 (rs6025), FGB (fibrinogen

beta chain, 6eta-uenb pubpuHorena) (rs1800790), ITGAZ (integrin subunitalpha 2, nHterpuH anbda-2) (rs1126643),
ITGB3 (integrin subunit beta 3, nnterpun 6eta-3) (rs5918), MTHFR (methylenetetrahydrofolate reductase, metun-
nentetparuapodonatpenykrasa) (rs1801133), SERPINET (rs1799889), SELPLG (rs2228315) n JAK2 (rs77375493).
Y 12 (39 %) naumeHToB B aHaMHe3e 0TMEeYannCh NokasbHble GakTopbl pucka TBB B paHHEM HeOHaTalbHOM MEPUO-
ne: omdanuTt, NyrnoYHbIN Cencuc, kKatetepmnsaumns nyrnoYHOM BEHbI.

Pe3ynbraTtbl. MyTauus B reHax F2 (rs1799963) n F5 (rs6025) BbiiBneHa y AByx nauneHToB. Annenb A reHa FGB

(rs1800790) BcTpeyancs ¢ yactoTon 21 %, annenb T B reHe ITGAZ2 (rs1126643) — ¢ wactoTton 37,1 %, annenb T
B reHe MTHFR (rs1801133) — 32,3 %. Monumopdunam 4G B reHe SERPINET (rs1799889) okasancsa camMmbiM HacTbIM:

y 18 (58 %) BbIsIBNEH B rOMO3UrOTHOM popMme, ¥ 9 (29 %) — B retepo3nroTHor popmMe; YacToTa BCTPEYaeMoCTun

annensa 4G coctaBuna 72,6 %. Comatudeckasa mytaums JAK2 (rs77375493) He BbIIBIEHA HX Y OAHOIO U3 MaumneH-
ToB. Hannune mytaumm B reHax F2 n F5 nnbo roMo3nroTHblE BAPUAHTbI MOAMMOPDU3MOB B APYIMX M3YYEHHbIX FeHax
BbISIBJIEHbI Y 24 (77 %) naumeHToB. Y 15 (48 %) naumneHToB MMENCS OANH reHeTndeckunii daktop pucka, y 6 (19 %) —
nsany 3 (10 %) — Tpu. Mexay naumeHTamMm ¢ HaIM4YMeM 1 OTCYTCTBMEM JIOKasbHbIX GAKTOPOB Pa3fiyniA Mo YacTo-
Te OTAEeNbHbIX NONMMOPPU3MOB HE YCTaHOBNIEHO. BMecTe ¢ aTuM coyeTaHme annens A reHa FGB v annens C reHa

ITGB3 0TMe4anocb CTaTUCTUHECKM 3HAYMMO YaLle y MaLMEHTOB NPU HAMYNK IOKAJTbHbLIX GakTOPOB MO CPaBHEHMIO

c ux otcytcTeuem (33 % vs. 5 %; p = 0,039).

BbiBoAbI. Ha HE60MbLLLOK BEIOOPKE POCCUIACKON NONynsAuMm nauneHToB ¢ Aebotom TBB B geTckom Bo3pacTe noka-
3aHO HanvmMe Kak M3BECTHbLIX TPOMOOMUINYECKNX MyTaLMii B reHax F2 1 F5, Tak u nonumopdunamsl reHoB SERPINET,
MTHFR, FGB, ITGA2, ITGB3 n SELPLG, nOTEHLMaNbHO NMOBbLILLIAILLMX PUCK TPOMOO03a.

KnioueBble cnoBa: F2 (rs1799963), F5 (rs6025), FGB (rs1800790), ITGA2 (rs1126643), ITGB3 (rs5918), MTHFR
(rs1801133), SERPINET (rs1799889), SELPLG (rs2228315) n JAK2 (rs77375493)

KoHdnukT nutepecos. VBalwkmH B.T. — rnaBHbIli pefakTtop XypHana — He NPpUHUMan y4acTus B peLakuOHHOM

PacCMOTPEHUN 1 NPUHATUN PELUEHNs NO AAHHOW cTaTbe. Bce ocTanbHble aBTOpbl 3adBASOT 06 OTCYTCTBUM KOH-
bNnKTa NHTEPECOB.

Ana untnpoBanusa: HagnHckas M.1O., l'ynaesa K.A., TpawkyH 3., JagyHu [., Mpueanos M.A., MeawkuH B.T. Monumopduramesl
reHOB CBEPTbIBAHMSA Y NALMEHTOB C AETCKMM AeO0TOM HELUMPPOTMYECKOrO TPOMO03a BOPOTHOWN BeHbl. POCCUIACKWIA XypHan ra-

CTPOSHTEPONOrnn, renatonoruu, kononpokronorun. 2025. https://doi.org/10.22416/1382-4376-2025-1829-5206

Introduction

Portal vein thrombosis (PVT) is a rare vascular
liver disorder characterized by the occlusion of the
main portal vein and/or its branches [1]. A network
of tortuous collateral veins may develop around
the thrombosed segment in response to obstruction.
These veins are known as cavernous transformations
of the portal vein [2].

The incidence of PVT in children is unclear.
Estimates range from 3.6 to 8.4 per 1000 neo-
nates in intensive care [3, 4], to approximately
1.1 per 100,000 live births [5]. The incidence in
the general population is even lower, at 0.72 per
1,000,000 [6], which classifies pediatric PVT as
an orphan disease.

Although thrombotic events usually occur in the
neonatal period, clinical manifestations typically
appear several years later. These manifestations are
most often signs of portal hypertension [6—9]. PVT
is thought to account for 9—76 % of all cases of
portal hypertension in children [10].

Like any venous thrombosis, the pathogenesis
of PVT is based on Virchow’s triad, encompassing
stasis of blood flow, venous injury due to local fac-
tors, and an imbalance in the coagulation system.
The most common risk factors for PVT in adults
are liver cirrhosis, Ph-negative myeloproliferative

neoplasms, and local factors [11, 12]. In children,
risk factors vary by age group. Among neonates, ap-
proximately half of cases are associated with local
factors, such as umbilical vein catheterization [13—
15], omphalitis, and umbilical sepsis [16]. In older
children, PVT may be linked to myeloproliferative
neoplasms [17].

In approximately half of all pediatric PVT cases,
no identifiable risk factor is found [6, 18]. Only a
few studies have suggested an association between
cavernous transformations of the portal vein and
thrombophilic states, such as antiphospholipid syn-
drome and deficiencies in proteins C and S [6].

There is strong evidence in adult populations
supporting the association between PVT and the
most common causes of heritable thrombophilia.
These include the factor V Leiden mutation (F5,
rs6025), the prothrombin G20210A mutation (F2,
rs1799963) and the C677T polymorphism in the
methylenetetrahydrofolate reductase (MTHFR)
gene (rs1801133) [19]. Several small cohort stud-
ies have examined these variants in children with
PVT, with highly variable results depending on the
geographical region: European studies reported a
significant association [5, 20], whereas those from
India and Turkey did not [21, 22].
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Only a limited number of studies have exam-
ined the polymorphism in the promoter region
of the serine protease inhibitor clade E mem-
ber 1 (SERPINET) gene (rs1799889), which encodes
plasminogen activator inhibitor-1 (PAI-1), in pediat-
ric PVT, with conflicting findings reported [22, 23].

A literature search revealed no studies investigat-
ing polymorphisms in several other hemostasis-re-
lated genes in pediatric PVT, including the fibrino-
gen beta chain (FGB), the integrin subunit alpha 2
(ITGA2) — the alpha subunit of the platelet colla-
gen receptor, the integrin subunit beta 3 (ITGB3) —
the beta subunit of the platelet fibrinogen receptor,
and the selectin P ligand (SELPLG), which en-
codes P-selectin glycoprotein ligand-1 (PSGL-1) —
the primary ligand for the P-selectin receptor.
However, the potential contribution of these poly-
morphisms to thrombotic risk has been discussed in
studies of venous thromboembolism in adults.

The aim of the study was to assess the frequen-
cy of polymorphisms in the genes of coagulation,
folate cycle, platelet receptors, the fibrinolysis sys-
tem (SERPINET1), as well as the SELPLG and
JAK?2 (Janus kinase 2) genes, in patients with pedi-
atric-onset PVT.

Materials and methods

A cross-sectional study was conducted [24]. The
study protocol was approved by the Local Ethics
Committee of Sechenov University (protocol
No. 05—13, May 15, 2013). Patients were enrolled
through consecutive sampling from among all in-
dividuals undergoing examination and treatment
at the V.Kh. Vasilenko Clinic of Propaedeutics
of Internal Medicine, Gastroenterology and
Hepatology at the University Clinical Hospital No. 2
(Sechenov University), between June 1, 2013, and
January 31, 2025.

The study included patients with a confirmed
diagnosis of prehepatic portal hypertension due
to PVT.

Inclusion criteria:

- age > 18 years at the time of enrollment;

- European ancestry;

- onset of PVT-induced prehepatic portal hyper-
tension before 18 years of age;

- radiological confirmation of PVT (thrombosis
of the main trunk or branches of the portal vein,
or cavernous transformations of the portal vein) by
Doppler ultrasonography and/or contrast-enhanced
multispiral computed tomography of the portal sys-
tem at the time of the study;

- provision of written informed consent for par-
ticipation.

Non-inclusion criteria:

- histologically confirmed liver cirrhosis;

- iver stiffness > 10 kPa on elastography;

- history of liver transplantation or hematopoiet-
ic stem cell transplantation.

Liver elastography was performed using a
FibroScan® device (Echosens, France), in line
with guidelines from the European Federation of
Societies for Ultrasound in Medicine and Biology
(EFSUMB). Examinations were conducted after a
fast of at least 6 hours and following an abdom-
inal ultrasound. Patients were positioned supine
with their right arm abducted behind their head
and their torso slightly rotated to the left. The
transducer probe was placed between the sixth and
eighth intercostal spaces along the right midclavic-
ular line to target the right hepatic lobe, avoid-
ing large vascular structures. The focal zone of the
probe was set at a depth of 25—65 mm from the skin
surface. Ten valid measurements were obtained in
total, and the device software automatically calcu-
lated the median liver stiffness value, expressed in
kilopascals (kPa). The device’s measurement range
was 0—75 kPa. An interquartile range to median
ratio of < 25 % was considered acceptable for en-
suring reliable data [25].

A total of 38 patients were assessed for eligi-
bility. Two patients were excluded due to elevat-
ed liver stiffness values (14.2 and 17.8 kPa) and
five declined to participate. Consequently, 31 pa-
tients (13 men and 18 women) with a median age
of 27 years (interquartile range: 24—30 years) were
enrolled in the study.

All participants provided written informed con-
sent for the use of their pseudonymized medical
data, including health status, examination results,
treatment records and other clinical information,
for research purposes. This consent explicitly cov-
ered the creation of electronic databases containing
anonymized medical data, as well as the publication
of research findings derived from these data.

Analysis of gene polymorphisms

Gene polymorphisms were analyzed using re-
al-time polymerase chain reaction (PCR) with
fluorescent detection in EDTA-anticoagulated ve-
nous blood samples. All laboratory analyses were
performed at the LITECH laboratory (Russia).
Genomic DNA was extracted from the leukocyte
fraction using a commercial kit (DNA-Express-
Blood, NPO LITECH, Russia), following the
manufacturer’s instructions. The concentration and
purity of the DNA were evaluated spectrophoto-
metrically, with an A260,/A280 ratio of 1.7—2.0 be-
ing considered acceptable.

Genotyping for point substitutions and inser-
tion-deletion variants was performed using “SNP-
express-RV” reagent kits (NPO LITECH, Russia).
These kits employ an allele-specific detection meth-
od, using the intercalating dye SYBR Green I in
parallel reactions to distinguish wild-type and mi-
nor alleles.
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Amplification reactions were conducted on a
CFX96 Touch Real-Time PCR System (Bio-Rad,
USA), which is a thermal cycler equipped with an
optical fluorescence detection module. Each reac-
tion was performed in a total volume of 25 uL con-
taining 5 pL of Master Mix (buffer, MgCl,, dNTPs,
and Taq polymerase), 0.25 uM of each primer, and
50—100 ng of template DNA.

The amplification protocol consisted of an ini-
tial denaturation step at 95 °C for 5 min, followed
by 40 cycles of denaturation at 95 °C for 15 s and
combined annealing/extension at 60 °C for 60 s.
Threshold cycle values and amplification curve
profiles were automatically analyzed by the instru-
ment software. Genotypes were determined based
on the presence or absence of amplification in each
allele-specific reaction.

Polymorphisms in genes that regulate hemosta-
sis, folate metabolism and platelet adhesion were
analyzed, as were the SELPLG gene and the so-
matic V617F mutation in the JAK2 gene (Table 1).

For each polymorphism, appropriate positive
controls (homozygous and heterozygous genotypes)
and negative controls were included. For the JAK?2
V617F mutation, a standard calibration curve for
quantification of the mutant allele burden was ad-
ditionally employed. Reaction conditions and inter-
pretation criteria were in line with the manufactur-
er’s specifications. Any sample exhibiting atypical
amplification curves or a threshold cycle difference
> 0.5 between replicates was subjected to repeat
testing. Genotyping results were reported as allele
combinations (e.g. F2 G20210A: GA), indicating
the corresponding nucleotide change and amino
acid substitution where applicable. For the JAK2
V617F mutation, results were reported qualitatively
as either “detected” or “not detected”.

Statistical analysis

Quantitative data are presented as the median
and the interquartile range (25th—75th percentiles).

Table 1. Studied gene polymorphisms

The Mann — Whitney U test was used to com-
pare them. Qualitative characteristics are present-
ed as absolute numbers and percentages. Genotype
and allele frequencies were compared using either
Pearson’s chi-square test or Fisher’s exact test.
Differences were considered statistically significant
at p < 0.05.

Statistical analysis was performed using IBM
SPSS v. 23.0 (SPSS: an IBM company, USA).

Results

Characteristics of the cohort with pediatric-
onset portal vein thrombosis

The median age at presentation of portal hyper-
tension due to PVT was 5 (3; 11) years, with a
median duration of 19 (14.5; 25) years at the time
of the study. At the initial diagnosis of PVT, all
patients underwent hematological evaluation to
rule out primary hematological disorders. However,
the medical documentation of none of the patients
contained any records of prior genetic testing for
the mutations and polymorphisms analyzed in the
present study.

All patients had cavernous transformations of
the portal vein confirmed by Doppler ultrasonog-
raphy and contrast-enhanced multispiral computed
tomography. Liver stiffness, as evaluated by elas-
tography, was 6 (5; 8) kPa.

The most common symptoms of prehepatic portal
hypertension were bleeding from esophageal varices
in 16 (52 %) patients and hypersplenism (spleno-
megaly with thrombocytopenia and leukopenia) in
15 (48 %) patients.

The majority of patients (n = 22; 71 %) under-
went portosystemic shunt surgery (mesocaval or
distal splenorenal) during childhood. Nine patients
(29 %) underwent splenectomy for cytopenias.

Analysis of local risk factors, based on medical
history and available records, revealed a history of

Gene Polymorphism
Nucleotide substitution ID in the dbSNP database

F2 (factor II, prothrombin) G20210A rs1799963
F5 (factor V, Leiden mutation) G1691A rs6025

FGB G-455A rs1800790
ITGA?2 C807T rs1126643
ITGB3 T1565C rs5918

MTHFR C677T rs1801133
SERPINE{ 5G(-675)4G rs1799889
SELPLG G62A rs2228315
JAK?2 V617F rs77375493

Note: FGB — fibrinogen beta chain; ITGA2 — integrin subunit alpha 2; ITGB3 — integrin subunit beta 3; MTHFR —
methylenetetrahydrofolate reductase; SELPLG — selectin P ligand; SERPINE1 — serine protease inhibitor clade E

member 1; JAK2 — Janus kinase 2.
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omphalitis in the early neonatal period in nine pa-
tients (29 %), seven of whom developed umbilical
sepsis. Umbilical vein catheterization had been per-
formed in three other patients (10 %).

Genotype and allele frequencies

The genotype frequency distributions were in
Hardy — Weinberg equilibrium for all loci except JAK2
V617F (rs77375493). Calculation of the chi-squared sta-
tistics was not possible for this locus due to the absence
of the mutation in all study participants.

The genotype and allele frequencies are present-
ed in Table 2.

Two patients were found to have mutations in
the F2 (1s1799963) and F5 (rs6025) genes. The
FGB polymorphism (rs1800790) was detected
in 9 (29 %) patients in a heterozygous state and
in 2 (6 %) patients in a homozygous state. The
ITGA? platelet receptor gene variant (rs1126643)
was found in 15 (48 %) patients in the heterozy-
gous state and in 4 (13 %) patients in the homo-
zygous state. The ITGB3 polymorphism (rs5918)
was present in 8 (26 %) patients in the hetero-
zygous state and in 3 (10 %) patients in the ho-
mozygous state. More than half of the patients
(n = 18; 58 %) were homozygous for the SERPINE1
polymorphism (rs1799889), while 9 (29 %) patients
were heterozygous carriers. The MTHFR variant
(rs1801133) was present in 10 (32 %) patients in
the heterozygous state and in 5 (16 %) patients in
the homozygous state. The SELPLG polymorphism
(rs2228315) was the least frequent, being observed
in 4 (13 %) patients in the heterozygous state and in
1 (3 %) patient in the homozygous state. The somat-
ic JAK2 mutation (rs77375493) was not detected in
any patients.

At least one mutation (in the F2 or F5 genes)
or a homozygous polymorphism in the other genes
under study was observed in 24 (77 %) patients. Of
these patients, 15 (48 %) had one genetic risk factor,
6 (19 %) had two, and 3 (10 %) had three.

Of the study group, 12 (39 %) patients had a
history of local PVT risk factors during the early
neonatal period. Comparative analysis revealed no
statistically significant differences in sex, age, or
the total number of inherited thrombophilic factors
between patients with and without these risk fac-
tors (Table 3). The proportion of males among pa-
tients with local risk factors was 58 %, compared to
32 % among those without (p > 0.05). The median
age at diagnosis of PVT was 5 (3; 5.5) years in the
subgroup with local factors and 7 (3.5; 13.5) years
in the subgroup without local factors; no significant
differences were found.

The frequency of a single genetic risk factor was
similar in both subgroups, ranging from 74 to 83 %.
The presence of two or more risk factors was ob-
served in 25 % of patients in the subgroup with

local risk factors, compared to 32 % of patients
without those (p > 0.05).

No significant differences were found between
the subgroups for individual hemostatic gene poly-
morphisms. Mutations in the F2 (rs1799963) and
F5 (1s6025) genes, as well as the FGB (rs1800790)
AA genotype, were only identified in patients
without local risk factors (one case each). The fre-
quencies of the ITGA2 (rs1126643) TT, ITGB3
(rs5918) CC, SERPINET (rs1799889) 4G /4G, and
MTHFR (rs1801133) TT genotypes did not differ
between subgroups. The presence of at least one
A allele in the SELPLG gene (rs2228315) was ob-
served in 2 (17 %) patients in the subgroup with
local risk factors.

A combination of at least one A allele in the fi-
brinogen gene (FGB) and one C allele in the plate-
let receptor gene (ITGB3) was significantly more
prevalent in the subgroup with local risk factors,
occurring in 4 (33 %) patients vs. 1 (5 %) patient
in the subgroup without local factors (p = 0.039).

Discussion

Our study describes a cohort of patients with an
orphan disease. The size of our cohort is compara-
ble to that in international studies, where European
cohorts range from 12 to 31 participants [20, 23].
No analogous studies published in the Russian
Federation were identified.

Two patients had gene mutations involved in
coagulation: F5 (rs6025) and F2 (rs1799963). The
former confers resistance to Factor V being inacti-
vated by activated protein C, while the latter leads
to increased prothrombin synthesis, both of which
contribute to a hypercoagulable state. These vari-
ants are the two most extensively studied and prev-
alent inherited causes of thrombophilia in Europe.
Studies from Germany [5], Ttaly [20], Bulgaria [23],
and Egypt [18] have demonstrated an association
between these mutations and pediatric PVT, where-
as a report from India found no such relationship
[21]. Findings from Turkey are inconsistent: one
study identified an association between PVT and
the Factor V Leiden mutation [26], while another
found no correlation with either F5 or F2 muta-
tions [22].

These discrepancies in findings may be at-
tributed to ethnic differences between Caucasians
and individuals of South Asian (Indian) descent.
Specifically, Factor 1T (rs1799963) and Factor V
(rs6025) mutations are significantly less prevalent
in Indian patients with venous thromboembolism
than in Caucasians. Deficiencies of antithrombin,
protein C and protein S are also more common in
the Indian population [27].

The MTHFR gene polymorphism (rs1801133)
reduces the activity of the enzyme, which can lead
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Table 2. Genotype and allele frequencies in patients with childhood-onset portal vein thrombosis

Gene, polymorphism Genotype, allele Portal \(rzir;tg I())mbosis
GG 30 (97 %)
GA 1(3 %)
F2 (rs1799963) G 0.984
A 0.016
GG 30 (97 %)
GA 1(3 %)
F5 (rs6025) G 0.984
A 0.016
GG 20 (65 %)
GA 9(29 %)
FGB (rs1800790) AA 2(6 %)
G 0.790
A 0.210
ccC 12 (39 %)
CT 15 (48 %)
ITGA?2 (rs1126643) TT 4 (13 %)
C 0.629
T 0.371
TT 20 (64 %)
TC 8 (26 %)
ITGB3 (1s5918) CcC 3(10 %)
T 0.774
C 0.226
5G/5G 4 (13 %)
5G/4G 9 (29 %)
SERPINET (1s1799889) 4G/ 4G 18 (58 %)
5G 0.274
4G 0.726
ccC 16 (52 %)
CT 10 (32 %)
MTHFR (1s1801133) TT 5 (16 %)
C 0.677
T 0.323
GG 26 (84 %)
GA 4 (13 %)
SELPLG (rs2228315) AA 1(3 %)
G 0.903
A 0.097
GG 31 (100 %)
JAK?2 (1s77375493) G 1
T 0

Note: data are presented as the absolute number of patients and the proportion of the total number, n (%), for genotypes
or as frequencies for alleles; FGB — fibrinogen beta chain; ITGA2 — integrin subunit alpha 2; ITGB3 — integrin subunit
beta 3; MTHFR — methylenetetrahydrofolate reductase; SELPLG — selectin P ligand; SERPINE1 — serine protease
inhibitor clade E member 1; JAK2 — Janus kinase 2.
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Table 3. Risk factors in patients with childhood-onset portal vein thrombosis in subgroups depending

on the presence of local factors in the early neonatal period

Local factors in the early neonatal period
Variable Yes No 7
(n =12) (n=19)
Males 7 (58 %) 6 (32 %)
Females 5 (42 %) 14 (68 %) s
Age, years 5(3; 5.5) 7 (3.5; 13.5) n.s.
>1 risk factor 10 (83 %) 14 (74 %) n.s.
>2 risk factors 3(25 %) 6 (32 %) n.s.
F2 (rs1799963) GA 0 1(5%) n.s.
F5 (1s6025) GA 0 1(5 %) n.s.
FGB (rs1800790) AA 0 2 (11 %) n.s.
ITGA2 (rs1126643) TT 2 (17 %) 2 (11 %) n.s.
ITGB3 (rs5918) CC 2 (17 %) 1(5%) n.s.
FGB A + ITGB3 C 4 (33 %) 1(5%) 0,039
SERPINET (rs1799889) 4G /4G 8 (67 %) 10 (53 %) n.s.
MTHFR (1s1801133) TT 1(8 %) 4 (21 %) n.s.
SELPLG (rs2228315) AA 1(8 %) 0 (0 %) n.s.

Note: data are presented as the absolute number of patients and proportion of the total number, n (%), or as the median and
interquartile range Me (25th, 75th percentiles); n.s. — not significant; FGB — fibrinogen beta chain; ITGA2 — integrin
subunit alpha 2; ITGB3 — integrin subunit beta 3; MTHFR — methylenetetrahydrofolate reductase; SELPLG — selectin P

ligand; SERPINE1 — serine protease inhibitor clade E member 1; JAK2 — Janus kinase 2.

to hyperhomocysteinemia and endothelial dysfunc-
tion, and possibly increase the risk of blood clots.
This polymorphism was identified in 15 (48 %) pa-
tients in our study: 10 (32 %) were heterozygous
and 5 (16 %) were homozygous; the T allele fre-
quency was 32.3 %. These results are consistent
with an Ttalian study in which the MTHFR gene
polymorphism was found in 16 out of 31 PVT pa-
tients (68 %), four of whom were homozygous. The
odds ratio for carrying at least one C677T allele was
found to be 7.00 (95 % confidence interval: 2.15—
22.85) [20]. In contrast, studies on PVT in Israel
and Turkey identified the MTHFR (rs1801133)
polymorphism in only one patient each [6, 22]. The
rs1801133 polymorphism exhibits significant dif-
ferences between populations: in Caucasian popu-
lations, the average T allele frequency is 36.5 %
[28], which aligns with the frequency observed in
our PVT patients.

In our cohort, the frequency of the 4G allele
of the SERPINET polymorphism (rs1799889) was
72.6 %, which is higher than the 54.2 % (95 %
confidence interval: 51.9—56.6 %) reported in the
European population [29]. PAI-1 is the primary
physiological inhibitor of fibrinolysis, binding to
and irreversibly inactivating both t-PA (tissue-type
plasminogen activator) and u-PA (urokinase-type
plasminogen activator). This blocks the conversion
of plasminogen to plasmin, reduces fibrin degrada-
tion and ultimately prevents thrombus dissolution

[30, 31]. The 4G allele is associated with higher gene
expression and increased plasma levels of PAI-1.

In placental tissue, SERPINET is predominant-
ly expressed in fetal cells, such as extravillous tro-
phoblasts and endothelial cells of the chorionic villi,
with minimal expression observed in maternal de-
cidual cells [32, 33]. Consequently, newborns with
the 4G/4G genotype are presumed to have higher
concentrations of PAI-1. Furthermore, PAI-1 is syn-
thesized by endothelial cells and adipose tissue and
stored in platelet alpha-granules. Newborns may
exhibit heightened PAI-1 levels due to endotheli-
al activation in various conditions, including sepsis,
hypoxia, intrauterine infections, and umbilical vein
catheterisation [34].

The 4G/4G polymorphism was present in eight
patients (67 %) who had local risk factors during
the early neonatal period, such as omphalitis, um-
bilical sepsis and umbilical vein catheterisation.
This genotype likely resulted in the highest PAI-
1 concentrations, serving as a risk factor for PVT.
This finding is consistent with several studies that
have demonstrated the role of impaired fibrinoly-
sis in the pathogenesis of pediatric PVT [35, 36].
Specifically, studies from Bulgaria and Turkey
have also reported an increased frequency of the
SERPINET polymorphism in children with cathe-
ter-associated PVT [22, 23].

The frequencies of polymorphisms in the follow-
ing genes are reported here for the first time in
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patients with pediatric-onset PVT: FGB (rs1800790),
ITGA2 (rs1126643) and ITGB3 (rs5918), and the
SELPLG (rs2228315).

The transcriptional activity of the FGB gene
and the concentration of plasma fibrinogen are both
elevated in individuals with the FGB (rs1800790)
polymorphism, which promotes hypercoagulability.
A recently published study [37] established an as-
sociation between FGB (rs1800790) and deep vein
thrombosis of the lower extremities, particularly
in combination with other inherited thrombophil-
ias: the frequency of the A allele was 14 % in the
control group vs. 14.6 % in the thrombosis group.
Another study identified an association between
FGB (rs1800790) and pulmonary thromboembolism,
with an A allele frequency of 17 % [38]. In our
study cohort, the frequency of the A allele was even
higher, at 21 %.

The ITGA2 gene polymorphism (rs1126643)
causes a conformational change in the o2 subunit of
the platelet collagen receptor, integrin a2B1 (glyco-
protein Ia/Tla). This results in increased receptor
expression on the platelet surface, enhancing plate-
let adhesion to collagen. In our PVT cohort, the
frequency of the T allele of ITGA2 (rs1126643) was
37.1 %, which is comparable to its frequency in the
European population (27.6—44.4 %) [39].

We also investigated the rs3918 polymorphism
in the ITGB3 gene, which encodes the B subunit
of the platelet fibrinogen receptor, integrin alIbp3
(glycoprotein IIb/IIIa). This polymorphism alters
the conformation of the receptor, thereby increasing
its affinity for fibrinogen and promoting enhanced
platelet aggregation. In our study, the frequency of
the C allele of ITGB3 (rs5918) was 22.6 %, which
is higher than the figures reported for European
populations (approximately 15 %) [40] and inhabi-
tants of Siberia (14.7—15.0 %) [41].

Unlike mutations in the F2 and F5 genes,
polymorphisms in the FGB (rs1800790), ITGA2
(rs1126643), and ITGB3 (1s5918) genes are not rec-
ognized as independent risk factors for thrombosis.
However, they may contribute to an increased throm-
botic risk when combined with other prothrombotic
factors. For example, next-generation sequencing has
revealed rare and combined prothrombotic variants,
including the ITGB3 (rs5918) polymorphism, in pa-
tients with cerebral venous thrombosis who lack clas-
sical Factor V and Factor II mutations, suggesting
their potential role in genetic predisposition to throm-
bosis [42]. Similar findings were reported in a study
of four children with retinal central vein thrombosis
which found an association between thrombosis and
the ITGA2 (rs1126643) and ITGB3 (rs5918) poly-
morphisms [43].

The rs2228315 genetic polymorphism in the
SELPLG gene, which encodes PSGL-1, enhanc-
es the adhesion of leukocytes and platelets to the

endothelium. In our study, the frequency of the
A allele of rs2228315 was 9.7 %, which is higher
than the 6.7 % reported in the European population
[44]. Neonates exhibit reduced neutrophil adhesion
to P-selectin, which is associated with decreased
PSGL-1 ligand expression and functional activity,
as well as altered sialylation of its glycoprotein
structure. These characteristics lead to diminished
inflammatory and thrombotic responses [45]. In the
subgroup of patients with local risk factors, one
patient was homozygous and two were heterozygous
for the SELPLG polymorphism. This could poten-
tially have modified the inflammatory response and
served as a risk factor for PVT. However, this re-
mains a cautious hypothesis as no direct studies on
the rs2228315 polymorphism in newborns with in-
fectious complications or portal vein catheterization
were found. Furthermore, our study did not reveal
any differences in the frequency of this polymor-
phism between subgroups with and without local
risk factors.

Overall, the subgroup with local risk factors in
the early neonatal period did not exhibit a high-
er prevalence of the examined polymorphisms or a
greater combined genetic risk for PVT compared to
those without such factors. However, an exception
was the combination of polymorphisms in the fibrin-
ogen gene and its platelet receptor (FGB: rs1800790
and ITGB3: 1s5918), which was observed more fre-
quently in the subgroup with local risk factors. A
similar combination has been reported in studies of
women with recurrent pregnancy loss [46].

The most common marker of myeloproliferative
neoplasms — the JAK2 mutation (rs77375493) —
was not detected in any of the patients examined.
Although this mutation is frequently identified in
adult PVT patients with myeloproliferative neo-
plasms [47], PVT has also been associated with es-
sential thrombocythemia or polycythemia vera in
pediatric cases. Notably, some of these pediatric
patients were found to harbor a mutation in exon
14 of the JAK?2 gene [17].

The study’s limitations stem from the small
patient group, which is due to the rarity of the
condition; the cross-sectional study design; and
the inability to develop a comprehensive model of
PVT development accounting for all factors, in-
cluding local ones, given the potential for recall
bias regarding neonatal events and loss of medical
records. However, as the genotype for the studied
polymorphisms was present at birth and remained
unchanged throughout life (patients who had un-
dergone liver or hematopoietic stem cell transplan-
tation were excluded from the study), the results
can be extrapolated to the time of PVT onset.

Future research directions

Further prospective studies should focus on an-
alyzing hemostatic gene polymorphisms in larger
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cohorts, as well as evaluating gene-gene interac-
tions in combination with local factors that may
increase the risk of PVT in children.

Conclusion

This study presents the first data from the Russian
Federation on genetic polymorphisms in patients
with pediatric-onset PVT. Both known mutations
in the F5 (rs6025) and F2 G20210A (rs1799963)
genes were identified, as well as polymorphisms in
the MTHFR (rs1801133), SERPINET (rs1799889),
FGB (rs1800790), ITGA2 (rs1126643), ITGB3
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