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1. Introduction

Venous thromboembolism (VTE) is characterized by clinical mani-
festations including deep vein thrombosis (DVT), pulmonary embolism
(PE) and the less common occurrence of VTE in unusual sites.
Generally, the incidence of VTE among Asians is lower than among
Caucasians, 13 to 19 vs. 100 to 200 of 100,000 annually [1]. En-
vironmental and genetic risk factors are major causes of VTE. The en-
vironmental risk factors are divided by unprovoking risk factors in-
cluding sex, age, ethnic, obesity or high body mass index (BMI) and
provoking risk factors including cancer, post operation, hospitalization
and immobilization. Genetic risk factors are categorized by mutation
functions: loss of function mutations; deficiencies of antithrombin III
(ATIID), protein C (PC), protein S (PS) and gain of function mutations;
factor V Leiden (FVL) and prothrombin G20210A gene mutations [2].
Deficiencies of ATIII, PC and PS are mainly caused by VTE; while, FVL
and prothrombin G20210A gene mutations are rarely found in Asian
populations [3,4]. Most patients with VTE are at risk of recurrence
during follow-up, especially in the first 6 to 12 months and the risk is
significantly higher among patients with unprovoked VTE than among
patients with provoked VTE [5].

A related meta-analysis of genome-wide association studies
(GWASs) demonstrated the association of a novel locus of SLC44A2
with VTE susceptibility [6]. The SLC44A2 gene encodes for HNA-3
antigens, which are associated with a bi-allelic polymorphism caused
by a single nucleotide polymorphism rs2288904, SNP (c.461G > A;
p-Argl154Gln) in the choline transporter like protein-2. A related study
of HNA-3 genotyped by PCR with sequence-specific primer (PCR-SSP)
was reported in two Thai blood donor populations. The SLC44A2*01
allele frequency among central Thais was significantly lower than
among northern Thais and Caucasians [7]. However, the study of
SLC44A2 locus regarding Thai patients with VTE is still unknown. This
study aimed to determine the association between SLC44A2 rs2288904
polymorphism and risk of recurrent venous thromboembolism among
Thai patients.

https://doi.org/10.1016/j.thromres.2019.01.001

2. Patients and methods

Altogether, 109 Thai patients with symptomatic VTE from the
Department of Hematology at Phramongkutklao Hospital were included
from April to October 2017. Of these, 83, 13 and 13 were DVT, PE and
VTE cases in unusual sites, respectively. VTE and PE were documented
using Doppler ultrasound examination or venography and ventilation-
perfusion lung scan, computed tomography or angiography, respec-
tively. Moreover, the control group with known SLC44A2 genotypes of
500 unrelated healthy blood donors from a related study was included
[7]. The patient demographic data including age, sex, weight, height
and BMI was retrieved from medical history. The data of thrombotic
events in all patients was observed by retrospective record reviews.
Follow-up period was counted in months after stopping the antic-
oagulant treatment until the secondary diagnosis of VTE. This study
was approved by the Committee of Institutional Review Board, Royal
Thai Army Medical Department, Bangkok, Thailand and the Committee
on Human Rights Related to Research Involving Human Subjects,
Thammasat University, Pathumthani, Thailand.

The genomic DNA of 109 patients was extracted from EDTA blood
samples and stored at —20 °C until used. The SLC44A2 genotyping was
performed using a PCR-SSP technique identical to a related study [7].

The association between SLC44A2 alleles and VTE was calculated
using the odds ratio (OR) and 95% confidence intervals (CI). Allele
frequencies among patients and controls were compared by Chi-Square
test (X?) and Fisher's exact test. The Kaplan-Meier curves (hazard
function) for time to recurrent VTE in different genotypes were plotted
and compared by Log-rank test. Hazard ratios (HRs) with 95%CI were
calculated using univariate and multivariate Cox regression analysis.

3. Results

In this study, 109 patients with VTE consisting of DVT, PE and VTE
in unusual sites were included. In all, 62 men and 47 women had a
mean age of 48.18 years and BMI of 24.52kg m ™2 Concerning those
three groups, no significant difference was observed in terms of sex,
age, BMI and risk group (provoked and unprovoked VTE).
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Table 1
Association of SLC44A2 with selected Thai patients with VTE.
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Patients N = 92 Controls [7] N = 500 OR (95%CI) X2 (DF) p value
Genotype model
SLC44A2*01/*01 59 (64.1%) 264 (52.8%) NA 5.74 (2) 0.0565
SLC44A2%01/%02 30 (32.6%) 190 (38.0%)
SLC44A2%02/*02 3 (3.3%) 46 (9.2%)
Allele model
SLC44A2%01 148 (80.4%) 718 (71.8%) 1.603 NA 0.0163"
SLC44A2%02 36 (19.6%) 282 (28.2%) (1.091-2.356)

Abbreviations: CI, confidence interval; DF, degrees of freedom; NA, not applicable; OR, odds ratio.
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Fig. 1. Cumulative incidence of recurrent VTE compared by different genotypes of SLC44A2 in patients with provoked (A) and unprovoked VTE (B) (p-value from

Log-rank test).

Regarding the results of SLC44A2 (rs22889904) allele detections by
PCR-SSP among 109 patients with VTE and healthy controls, homo-
zygous SLC44A2*01/*01 was the most common in both groups (71 of
109 vs. 264 of 500), followed by heterozygous SLC44A2*01/*02 (35 of
109 ys. 190 of 500) and homozygous SLC44A2*02/*02 (3 of 109 vs. 46
of 500). When allele frequencies of the patients and the controls were
compared, the frequency of SLC44A2*01 was found to significantly
increase among patients (81.2% vs. 71.8%, p = 0.005, OR: 1.70, 95%CI:
1.18-2.45). However, common underlying genetic risk factors may be
involved in VTE; 17 of 109 patients comprising 8 and 7 inherited PC
and PS deficiencies and another 2 FVL mutation were excluded. The
association between omitted patients with VTE and SLC44A2 was
analyzed (Table 1). Even though the genotype model of SLC44A2*01
and SLC44A2*02 showed no significant difference, we found convin-
cing evidence the SLC44A2*01 allele that was significantly associated
with VTE compared with controls (p = 0.016, OR: 1.60, 95% CI:
1.09-2.36). Additionally, we did not observe any difference between
SLC44A2*01 and SLC44A2*02 allele frequencies and three different
clinical manifestations of Thai patients with VTE.

Among 109 patients, 35 (32.1%) presented recurrent VTE. All eight
patients with PC deficiency had recurrent thrombotic event
(p < 0.001). No significant difference was observed among recurrent
and non-recurrent patients with VTE when stratified by sex, diagnosis,
risk of thrombosis, patients with antiphospholipid syndrome, FVL mu-
tation and PS deficiencies (p > 0.05).
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In addition, the risk association of recurrent VTE was analyzed by
comparing homozygous risk allele SLC44A2*%01/*01 with combined
non-risk allele including SLC44A2*01/*02 and SLC44A2*02/*02.
Univariate and multivariate Cox regression analyses were performed
with individual genotypes to determine their association with the risk
of recurrent VTE. In all patients, no significant association was found
among three SLC44A2 genotypes and regarding the recurrence risk on
both univariate (HR: 0.63, 95%CIL: 0.29-1.37, p = 0.229) and multi-
variate analyses after adjusting for inherited and acquired risk factors of
VTE (HR: 1.78, 95%CI: 0.82-3.89, p = 0.142). Interestingly, a sig-
nificant association between SLC44A2*01/*01 genotype and risk of
VTE recurrence was observed among patients with unprovoked VTE on
both univariate (HR: 2.68, 95%CI: 1.30-5.52, p = 0.008) and multi-
variate Cox regression analyses (HR: 4.18, 95%CL 1.88-9.30,
p < 0.001).

The cumulative incidence of recurrent VTE during follow-up time
among patients with provoked and unprovoked VTE was calculated
using Kaplan-Meier analysis (Fig. 1). The median *+ SD of follow-up
time was 32.0 + 26.6 months. Only patients with unprovoked VTE
having SLC44A2*01/*01 genotype showed a significant difference in
the cumulative incidence of recurrent VTE compared with
SLC44A2*01/*02 and SLC44A2*02/*02 genotypes (Fig. 1B, Log-rank
test, p = 0.013). No significant difference was observed among patients
with provoked VTE (Fig. 1A, Log-rank test, p = 0.654).
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4. Discussion

The well-known causes of VTE include genetic, acquired, behavior
and disease combinations. Moreover, deficiencies of PC, PS and ATIII
are common genetic risk factors for VTE in Caucasian and Asian po-
pulations [3,4]. Single nucleotide variants in coagulation factors and
several unknown functions including HIVEP1, TSPAN15, SLC44A2 and
ORM1 are associated with increased risk of thrombosis [6]. Ad-
ditionally, the TLR9 rs5743839 polymorphism is associated with the
risk of VTE recurrence especially among patients with unprovoked VTE
[8].

Baseline characteristics results among 109 Thai patients with VTE
showed no significant difference, the male to female ratio of 1.32 was
consistent with related studies, but one study among Thai patients re-
vealed a ratio of 0.48. However, patients' ages were similarly re-
presented in the same early middle age [1,2]. Obesity is also a risk
factor for thrombosis, our patient groups were considered as non-obese.

This study was the first to specifically identify the association of
SLC44A2*01 and Thai patients with VTE, similar to a related study in
other populations [6]. Moreover, patients with unprovoked VTE,
having homozygous SLC44A2*01/*01 genotype, were significantly as-
sociated with a higher risk of VTE recurrence than those of the other
two genotypes. The SLC44A2 gene is well-known to encode for HNA-3
antigens, implicated in severe transfusion-related acute lung injury
(TRALI) by neutrophil extracellular traps formation, which related to
VTE development in a mouse model [9]. Even though the mechanism of
SLC44A2 alleles involved in thrombus formation remains ambiguous
because this gene does not relate to coagulation pathways and throm-
botic biomarkers. The association of SLC44A2 alleles with VTE might
involve in von Willebrand factor (vWF). Lacking of SLC44A2 in trans-
genic mice demonstrated a reduction of plasma vWF levels and an al-
tered response upon vascular damage indicated that SLC44A2 con-
tributed to hemostasis upon injury [10]. Our results provide not only a
clear link between SLC44A2*01 allele and a risk of VTE but also support
the abovementioned study. Other separated or combined genetic factors
such as TSPAN15, PROCR, KNG1 GP6 and TLR9 associated among pa-
tients with VTE cannot be excluded [6,8]. Additional studies with a
larger sample size are suggested to confirm the risk association of VTE.

In conclusion, the SLC44A2*01 allele is associated with VTE and
constitutes a potential marker for VTE recurrence among Thai patients.
Screening for this allele among patients at risk may be helpful in pre-
dicting and preventing recurrent VTE development.
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