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Background: Forkhead box P3 (FOXP3) is an important marker of regulatory T cells.
FOXP3 polymorphisms are associated with autoimmune diseases, cancers, and allograft
outcomes. We examined whether single nucleotide polymorphisms (SNPs) at the FOXP3
locus are associated with clinical outcomes after allogenic hematopoietic stem cell trans-
plantation (HSCT).

Methods: Five FOXP3 SNPs (rs5902434, rs3761549, rs3761548, rs2232365, and
rs2280883) were analyzed by PCR-sequencing of 172 DNA samples from allogenic HSCT
patients. We examined the relationship between each SNP and the occurrence of graft-
versus-host disease (GVHD), post-HSCT infection, relapse, and patient survival.

Results: Patients with acute GVHD (grades II-1V) showed higher frequencies of the
rs3761549 T/T genotype, rs5902434 ATT/ATT genotype, and rs2232365 G/G genotype
than did patients without acute GVHD (P=0.017, odds ratio [OR]=5.3; P=0.031,
OR=2.4; and P=0.023, OR=2.6, respectively). Multivariate analysis showed that the TT
genotype of rs3761549 was an independent risk factor for occurrence of acute GVHD
(P=0.032, hazard ratio=5.6). In contrast, the genotype frequencies of rs3761549 T/T,
rsb902434 ATT/ATT, and rs2232365 G/G were lower in patients with post-HSCT infection
than in patients without infection (P=0.026, P=0.046, and P=0.031, respectively).

Conclusions: rs3761549, rs5902434, and rs2232365 are associated with an increased
risk of acute GVHD and decreased risk of post-HSCT infection.
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INTRODUCTION

Allogenic hematopoietic stem cell transplantation (HSCT) is a
curative treatment for patients with hematologic malignancy,
bone marrow failure, and congenital immunologic diseases.
However, despite the increasing use of allogenic HSCT, it still
has severe complications with high morbidity and mortality,

https://doi.org/10.3343/alm.2018.38.6.591

such as acute and chronic graft-versus-host disease (GVHD)
and post-HSCT infections [1]. GVHD is a donor T cell-mediated
immune response, which results in tissue damage of the recipi-
ent [2]. The removal of donor T cells can prevent GVHD, but
contributes to a delayed immune constitution and thus in-
creased opportunistic infections [3, 41.

During immune responses, regulatory T cells (Tregs) not only
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play essential roles in maintaining immune homeostasis [5] but
also establish tolerance after transplantation [6]. Recent studies
have implicated Tregs in the development of GVHD and sug-
gested that the immunosuppressive potential of Tregs can be
used therapeutically to reduce the incidence and/or severity of
GVHD [7]. The use of Tregs in transplantation has garnered
substantial interest. Many researchers have attempted to iden-
tify new markers related to Tregs and to develop therapeutic
strategies to improve graft survival and avoid post-transplant
complications [8, 91.

Forkhead box P3 (FOXP3) is a master regulator of Treg devel-
opment and function. FOXP3 expression is important to regulate
CD4*CD25" Treg development and function, but the molecular
mechanisms that are involved in the regulation of the FOXP3 ex-
pression remain unclear [10]. Many studies have shown that the
regulatory mechanism of gene expression is controlled by ge-
nomic polymorphisms. Single nucleotide polymorphisms (SNPs)
in FOXP3 have been associated with various diseases [11], in-
cluding asthma [12], preeclampsia [13], systemic lupus erythe-
matosus [14], autoimmune thyroid disease [15], lung cancer
[16], breast cancer [17], and colorectal cancer [18]. Recently,
several studies reported that FOXP3 SNPs are associated with
allograft outcomes after renal transplantation, but there is ongo-
ing debate over whether FOXP3 SNPs have a positive or nega-
tive association with allograft outcomes [19-22]. Moreover, few
studies have investigated whether there is an association be-
tween SNPs in FOXP3 and clinical outcomes after allogenic
HSCT [23]. We examined the association between five SNPs
(rs5902434, rs3761549, rs3761548, and rs2232365 located in
the promoter region and rs2280883 located in the intronic re-
gion) in FOXP3 and different clinical outcomes after allogenic
HSCT: the occurrence of GVHD, post-HSCT infection, relapse,
and patient survival. These five SNPs were selected among
those directly or potentially associated with diseases by a litera-
ture search and analysis using the HaploReg v. 4.1 database.

METHODS

1. Study population

Our retrospective study included 172 patients with hematologic
malignancy or bone marrow failure who received allogenic
HSCT between April 2006 and August 2014 at Seoul National
University Hospital, Seoul, Korea. Written informed consent was
obtained from all patients. Baseline clinical characteristics, in-
cluding age and sex of patients and donors, underlying diagno-
sis, stem cell source, the number of HLA mismatches, cyto-
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megalovirus (CMV) IgG seropositivity, conditioning regimen, and
European Society for Blood and Marrow Transplantation (EBMT)
risk score [24], were obtained from medical records (Table 1).

Patients’ median age was 37 years (range 17-67 years), and
the majority were male (60.5%). Most patients had fewer than
two mismatched HLA alleles, except for six patients who had
three or more allele mismatches. In addition, most patients were
diagnosed as having acute leukemia before allogenic HSCT, and
the dominant stem cell source was peripheral blood (92.4%).
Conditioning chemotherapy was performed before transplanta-
tion for patients who received HSCT from an unrelated donor.
The regimen varied according to the type of underlying disease
and the condition of the patient, but included the following: bu-
sulfan plus (cyclophosphamide or anti-thymocyte globulin plus
fludarabine), fludarabine plus (cyclophosphamide, melphalan,
cyclophosphamide plus anti-thymocyte globulin, or melphalan
plus anti-thymocyte globulin), total body irradiation plus cyclo-
phosphamide, and total lymphocyte irradiation plus anti-thymo-
cyte globulin. Patients were treated with cyclosporine or tacroli-
mus with or without a short course of methotrexate (days 1, 3, 6,
and 10) as GVHD prophylaxis and treated with ciprofloxacin,
itraconazole, acyclovir, sulfamethoxazole/trimethoprim, or intra-
venous immune globulins as infection prophylaxis. Our study
was approved by the Institutional Review Board for Human Re-
search of Seoul National University (IRB No. 1702-024-829).

Acute (grades II-IV) and chronic GVHD were diagnosed based
on published criteria [25, 26]. To reduce potential bias of the
acute GVHD group, 13 patients who died within 28 days after
allogenic HSCT were excluded from our analysis of acute
GVHD, but they were included in our analysis of infection. Infec-
tion was defined as the isolation of a certain pathogen, such as
virus, bacteria, fungus, and tuberculosis (TB), from microbial
cultures or positive results from nucleic acid amplification or an-
tigen tests. Disease relapse was determined based on the bone
marrow examination of patients. Overall survival was defined as
the time from graft infusion to death from any cause at time of
analysis (March 1, 2017). For event-free survival, death or re-
lapse was considered events.

2. DNA preparation and FOXP3 SNP genotyping

We collected DNA samples from 172 patients whose pre-trans-
plant HLA typing test had been requested. DNA was extracted
from peripheral blood or bone marrow using the QuickGene-
Mini80 DNA isolation system (Fuijifilm, Tokyo, Japan) when pre-
transplant HLA typing was done. After HLA typing, DNA stored
at —-80°C were genotyped for the selected five FOXP3 SNPs
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Table 1. Characteristics of the study population (N=172)

Characteristic N (%)
Age (median, range), (yr) 37 (17-67)
Sex
Male 104 (60.5)
Female 68 (39.5)
Duration of follow-up (median, range), (day)* 313.5(7-3,892)
HLA matches
10/10 68 (39.5)
9/10 61 (35.5)
8/10 37 (21.5)
<7/10 6 (3.5)
Disease at transplantation
ALL 31(18.0)
AML 73 (42.4)
ABL 5(2.9)
CML 2(1.2)
MPD 10 (5.8)
SAA 14 (8.1)
MDS 19(11.0)
DLBL 11(6.4)
Others’ 7(4.1)
Conditioning regimen
Bu-based 132 (76.7)
Flu-based 35(20.3)
TBI-based 5(2.9)
Type of stem cell source
Bone marrow 13(7.6)
Peripheral blood 159 (92.4)
EBMT risk score
1 4(2.3)
2 44 (25.6)
3 51 (29.7)
4 51 (29.7)
5 19(11.0)
6 3(1.7)
Unrelated donor age (median, range), (yr) 38 (17-67)
Unrelated donor sex
Male 141 (82.0)
Female 31 (18.0)

*The cut-points for duration of follow-up were defined as the time of analy-
sis (March 1, 2017).

"Others include NK cell lymphoma (N=5), Hodgkin lymphoma (N=1), and
blastic plasmacytoid dendritic cell neoplasm (N=1).

Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloid leu-
kemia; ABL, acute biphenotypic leukemia; CML, chronic myelogenous leu-
kemia; MPD, myeloproliferative disease; SAA, severe aplastic anemia; MDS,
myelodysplastic syndrome; DLBL, diffuse large B-cell ymphoma; NK, natu-
ral killer; Bu, busulfan; Flu, fludarabine; TBI, total body irradiation; EBMT,
European Group for Blood and Marrow Transplantation.
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(rsb902434, rs3761549, rs3761548, and rs2232365 in pro-
moter region, and rs2280883 in intronic region) by PCR se-
quencing. Among our cohort of 172 patients, we excluded two
to five cases depending on the SNP, because they could not be
accurately genotyped due to poor DNA sample quality. PCR was
performed with 40 pL reaction mixtures containing 40 ng DNA,
0.8 pL dNTP mix (10 mM of each dNTP), 2 uL of each primer
at a concentration of 10 pmol/uL, 2.0 mM MgCl,, 1.0 U Taq
DNA polymerase (Roche, Basel, Switzerland), and 4 pL of 10X
reaction buffer. Five SNPs were analyzed following the identical
PCR protocol. Initial denaturation was performed at 95°C for 5
minutes, followed by 30 cycles of denaturation at 95°C for 30
seconds, annealing at the respective annealing temperature for
30 seconds, and extension at 72°C for 30 seconds with a final
extension at 72°C for 5 minutes. Next, 2 uL ExoSAP-IT PCR
Clean Up (Affymetrix, Santa Clara, CA, USA) was added to 5 pL
of PCR product, followed by incubation at 37°C for 15 minutes
and at 80°C for 15 minutes. We then added 1 uL of 5 pmol/uL
sequencing primer, 4 pL of deionized water, and 4 pL of BigDye
Terminator Ready Reaction Mix (Life Technologies, Grand Is-
land, NY, USA) to 1 pL of purified PCR product. Following 30
thermal cycles of 96°C for 10 seconds, 50°C for 5 seconds, and
60°C for 4 minutes, 25 pL of absolute ethanol (EtOH) and 2 uL
of 3 M sodium acetate/ EDTA buffer (pH 4.6) were added. After
vortexing and centrifugation at 2,000xg for 30 minutes, the su-
pernatant was discarded, following by the addition of 50 pL of
80% EtOH and centrifugation at 2,000 xg for 5 minutes. Finally,
15 pL of Hi-Di Formamide (Life Technologies) was added, and
the sample was heated at 95°C for 4 minutes. Samples were

Table 2. Primers for PCR-sequencing

Polymorphism AT (°C) Sequence (5" — 3)
rs5902434 del/ATT 56 F 5-CTGCTCTCCCCTACCAGATG-3’

R 5-CCCTGCCCATGCATTAAGTA-3’
rs3761549 CT 60 F 5-GTCCTCTCCACAACCCAAGA-3

R 5-CAGATTTTTCCGCCATTGAC-3’
rs3761548 C/A 60 F 5-TTGTCTACTCCACGCCTCTCC-3’

R 5-TGCCTCCATCATCACCACG-3
rs2232365 AG 60 F 5-GAGGGCTTTCAGGTGAGGA-3

R 5-GGGAGTTGGATTGGGTGCA-3
rs2280883 Cm 60 F 5-TCAGGGTTTCAGTTCAGAGACAGT-3

R 5-CCCTTTCCAGATGTCCACCTCAG-3'
Inner F 5-TGGCGCTAGGATGAAGGTTC-3

Abbreviations: Del, deletion; AT, annealing temperature; F, forward primer;
R, reverse primer.
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then analyzed on an ABI 3730XL DNA analyzer (Applied Bio-
systems, Foster City, CA, USA), and electropherograms were
analyzed using Chromas Lite 2.1.1 (Technelysium, South Bris-
bane, Australia) (Table 2).

3. Statistical analysis

Differences in genotype distributions between each group were
calculated using Pearson’s chi-squared test or Fisher’s exact
test. Univariate and multivariate analyses were performed using
logistic regression. The following variables were included in our
analysis: recipient age and sex, the number of HLA allelic
matches for HLA-A, B, Cw, DR, and DQ locus, the type of dis-
ease at transplantation, the conditioning regimen, stem cell
source, the EBMT risk score, and donor age and sex. Estimates
of acute GVHD and relapse were calculated using cumulative
incidence rates. Overall survival and event-free survival were

Nam M, et al.
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calculated using the Kaplan-Meier method and compared using
the log-rank test. Odds ratios (ORs) and 95% confidence inter-
vals (Cls) were estimated for genotypes showing a significant P
value. P<0.05 was considered statistically significant. Statistical
analysis was performed using SPSS Statistics for Windows Ver-
sion 23.0 (IBM Corp., Armonk, NY, USA).

RESULTS

1. Association between FOXP3 SNPs and acute GVHD and
post-HSCT infection

Acute GVHD patients showed an increased frequency of the
rs3761549 T/T genotype (15.5% vs 3.3%, respectively,
OR=5.3, P=0.017), rs5902434 ATT/ATT (32.3% vs 16.7%,
OR=2.4, P=0.031), and rs2232365 G/G (31.2% vs 15.0%,
OR=2.6, P=0.023), whereas patients with post-HSCT infection

Table 3. Association between genotype frequencies of FOXP3 SNPs and incidence of acute GVHD (grades II-1V) and infection

aGVHD Infection
Polymorphism Negative Positive p 0dds ratio Negative Positive p 0dds ratio
N=60(%)* N=99 (%)* (95% CI) N=12(%) N=160(%)' (95% CI)
rs5902434
Genotype
del/del+del/ATT 50 (83.3) 65(67.7) 6 (50.0) 118 (76.1)
ATT/ATT 10 (16.7) 31(323) 0.031"  2.385(1.069-5.320) 6 (50.0) 37(23.9) 0.046"  0.314(0.095-1.031)
rs3761549
Genotype
C/C+C/T 58 (96.7) 82 (84.5) 8(66.7) 144 (91.1)
7 2(3.3) 15(15.5) 0.017°  5.305(1.168-24.092) 4(33.3) 14 (8.9) 0.026°  0.194 (0.052-0.728)
rs3761548
Genotype
C/C+A/C 54 (90.0) 84 (87.5) 11(91.7) 139 (88.5)
NA 6 (10.0) 12 (12.5) 0.634* 1(83) 18 (11.5) 1.000°
12232365
Genotype
NA+AG 51 (85.0) 66 (68.8) 6 (50.0) 122 (71.7)
G/G 9(15.0) 30(31.2) 0.023*  2.576(1.123-5.905) 6 (50.0) 35(22.3) 0.031*  0.287 (0.087-0.945)
rs2280883
Genotype
TT+T/C 54 (90.0) 83 (86.5) 11(91.7) 137 (87.3)
C/C 6 (10.0) 13(13.5) 0.511* 1(83) 20(12.7) 1.000°

*Among a cohort of 172 patients, of which 13 patients who died within 28 days after allogenic HSCT were excluded and two to five cases, depending on the
SNP, failed to provide genotypes because of unavailable DNA samples after quality control.
TAmong a cohort of 172 patients, two to five cases failed to provide genotypes because of unavailable DNA samples after quality control.

‘Chi-square test used to analyze the data.
SFisher’s exact test used to analyze the data.

Abbreviations: FOXP3, Forkhead box P3; GVHD, graft-versus-host disease; Cl, confidence interval; del, deletion; SNP, single nucleotide polymorphism.
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had lower frequencies of these genotypes (8.9% vs 33.3%, re-
spectively, OR=0.2, P=0.026; 23.9% vs 50.0%, OR=0.3,
P=0.046; and 22.3% vs 50.0%, OR=0.3, P=0.031, respec-
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tively) (Table 3).
No association was observed between genotype frequency of
these five FOXP3 SNPs and infection of a given pathogen, such
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Fig. 1. Impact of the FOXP3 polymorphism on acute GVHD occur-
rence after allogenic HSCT. (A) rs5902434, (B) rs3761549, (C)
rs3761548, (D) rs2232365, and (E) rs2280883. Recipients with
rs3761549 TT genotype showed higher cumulative incidence of
acute GVHD than recipients with rs3761549 CC or CT genotype
(P=0.023).

Abbreviations: FOXP3, Forkhead box P3; GVHD, graft-versus-host disease;
HSCT, hematopoietic stem cell transplantation.
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Table 4. Multivariate analysis of risk factors for acute GVHD (grades [I-1V)

i Univariate Multivariate

Risk factor
P* HR (95% Cl) P* HR (95% CI)

Recipient age (range), (yr) 16-67 0.364 0.579
Recipient sex, female, N (%) 66 (41.5) 0.307 0.917
HLA allelic matches, <9/10, N (%) 40 (25.2) 0.246 0.490
Conditioning regimen

Bu-based, N (%) 125(78.6) 0.054 0.056

Flu-based, N (%) 30(18.9) 0.072 0.604
Graft type, peripheral blood, N (%) 147 (92.5) 0.955 0.716
EBMT risk score, >4, N (%) 66 (41.5) 0.718 0.811
CMV IgG titer, AU/mL 8.2-250 0.369 0.562
Chronic GVHD, N (%) 23 (14.5) 0.088 0.108
rs3761549 TT genotype, N (%) 17 (10.7) 0.017 5.305 (1.168-24.092) 0.032 5.584 (1.160-26.882)
Donor age (range), (yr) 18-47 0.707 0.915
Donor sex, female, N (%) 29(18.2) 0.692 0.994

*Univariate and multivariate analyses were performed using logistic regression.

Abbreviations: GVHD, graft-versus-host disease; HR, hazard ratio; Cl, confidence interval; Bu, busulfan; Flu, fludarabine; EBMT, European Group for Blood

and Marrow Transplantation; CMV, cytomegalovirus.

as bacteria, CMV, Epstein-Bar virus, fungus, and TB (data not
shown). Fig. 1 shows that patients with the T/T genotype of
rs3761549 showed higher cumulative incidence of acute GVHD
than those patients with the C/C or C/T genotype (P=0.023),
while patients with the ATT/ATT genotype of rs5902434 or the
G/G genotype of rs2232365 showed a tendency of higher cu-
mulative incidence of acute GVHD, although these findings
were not statistically significant (P=0.155 and P=0.123, re-
spectively) (Fig. 1).

In the multivariate analysis, the TT genotype of FOXP3
rs3761549 was an independent risk factor for the occurrence of
acute GVHD (P=0.032, hazard ratio=5.584, 95% Cl=1.160-
26.882; Table 4). The five FOXP3 SNPs were not associated
with chronic GVHD (data not shown).

2. Association between FOXP3 SNPs and relapse and patient
survival

Based on the 50 patients in our cohort who relapsed, we found
no evidence of an effect of FOXP3 SNP genotype on the inci-
dence of relapse. Genotypes at these five FOXP3 SNPs did not
influence their overall survival and event-free survival (data not
shown).

DISCUSSION

We evaluated the clinical impact of five different FOXP3 SNPs
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on outcomes of allogenic HSCT. A previous study found that pa-
tients with the rs3761548 CC genotype showed higher inci-
dences of hepatic veno-occlusive disease and CMV infection,
but found no evidence of an association with GVHD or relapse
[23]. We also found no evidence of an association between
rs3761548 and clinical outcomes in allogenic HSCT, although
rs3761548 has been associated with various immune-related
disorders [11] and renal allograft outcomes [19, 20].

The T/T genotype of rs3761549 has been associated with the
development and progression of endometriosis [271, endometri-
osis-related infertility [28], and Graves’ disease [15]; thus, this
genotype may be involved in regulation of inflammatory or auto-
immune responses. However, no study has investigated whether
there is an association between rs3761549 and clinical out-
comes in organ transplantation or HSCT.

Wu et al [29] reported an association between the del geno-
type of rs6902434 and an increased risk of unexplained recur-
rent spontaneous abortion. However, other studies did not find
a significant association with renal allograft outcomes [21] or
psoriasis susceptibility [30]. Wu et al [29] also reported an asso-
ciation between the G/G genotype of rs2232365 and increased
risk of unexplained recurrent spontaneous abortion. Misra et al
[20] reported that renal allograft patients with the rs2232365 G/
G genotype showed lower overall survival and 5-year survival. In
contrast, Qui et al [19] found no association between rs2232365
and renal allograft rejection in their cohort.

https://doi.org/10.3343/alm.2018.38.6.591
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Because of these conflicting findings, the impact of rs3761548,
rs3761549, rsb902434, and rs2232365 at the FOXP3 locus on
regulatory immune responses, which are related to the develop-
ment of acute GVHD after allogenic HSCT, remains unclear.
These four SNPs are all located in the FOXP3 promoter region,
which contains DNA binding sites for transcription factors (TFs).
It can be hypothesized that depending on the alleles of these
SNPs in FOXP3, FOXP3 expression are modulated by altering
the binding affinity of transcription factors to their binding ele-
ment and by modifying the kinetics of transcription regulation. A
variant(s) is likely to contribute to a decrease in the quantity or
quality of FOXP3, resulting in a sequential decrease of Tregs,
which play a critical role in suppressing autoreactive lympho-
cytes and regulating hyperactive immune responses. To clarify
the putative functional relevance of FOXP3 SNP genotypes in
detail, we utilized the P-match program (http://gene-regulation.
com/pub/programs.html#pmatch) to search TF binding sites
[31]. Interestingly, we found that rs3761549 is situated in a DNA
binding site for activating enhancer binding protein 4 (AP4),
and it is predicted that AP4 cannot bind to DNA with the T allele
of rs3761549. AP4 is a TF regulated by IL-2R signaling involved
in a Myc-dependent gene expression program that sustains the
rapid clonal expansion of antigen-specific CD8+ T cells by en-
coding components of the glycolysis pathways [32]. Therefore,
although our understanding of the molecular mechanism of AP4
and FOXP3 in Tregs is limited, the modification of AP4 binding
affinity in individuals homozygous for rs3761549T may induce
less clonal expansion of Tregs and relative proliferation of effec-
tor T lymphocytes. We speculate further that these changes
may cause the destruction of tissues and organs, thus leading
to an increased incidence and/or severity of acute GVHD [33].

Importantly, the rs3761549 T/T genotype, rs5902434 ATT/
ATT genotype, and rs2232365 G/G genotype were associated
with decreased risk of post-HSCT infection. Tregs have been re-
lated to immune responses for pathogens and outcomes of
some infectious diseases [34, 35]. More specifically, Tregs in-
hibit the proliferation of effector cells, such as CD4+ helper T
cells or CD8+ cytotoxic T cells, and the production of cytokines
such as interferon-y, as well as directly secrete immunosup-
pressive cytokines, such as IL-10 and TGF-B [36, 37]. Further,
a decreased number of Tregs confers resistance to viral infec-
tion [38]. Therefore, in our study, the association of FOXP3
SNPs with a lower infection rate after HSCT may reflect down-
regulation of Tregs, which inhibit helper T cells, cytotoxic T cells,
and cytokine production, and may contribute in preventing
pathogen proliferation by effector T cells and cytokine release.

https://doi.org/10.3343/alm.2018.38.6.591
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Few studies have investigated associations between FOXP3
SNPs and infection after organ transplantation or HSCT. Piao et
al [23] reported an association between rs3761548 and CMV
infection after allogenic HSCT. SNPs of other immune-regulating
genes, such as IL28B, TLR9, DC-SIGN (also known as CD209),
and IFNL3/4 (interferon lambda 3/interferon lambda 4), have
been associated with CMV infection in solid organ transplanta-
tion [39, 40]. In our study, the lack of an association between
FOXP3 SNPs and post-HSCT infection in subgroup analysis in-
cluding CMV infection may have been caused by the small
number of cases.

The present study has some limitations. The number of pa-
tients was relatively small, and patients were recruited from a
single center, so there may be some selection bias. Further
studies with a larger number of patients are needed to confirm
our hypothesis. In addition, we did not confirm whether FOXP3
SNP genotypes actually contributed to the decrease in the
FOXP3 expression, although we checked which TFs were able
to bind to FOXP3 SNPs using software.

Nevertheless, our findings provide the first evidence that allo-
genic HSCT patients harboring the rs3761549 T/T genotype,
the rs5902434 ATT/ATT genotype, and the rs2232365 G/G
genotype have an increased risk of acute GVHD and a de-
creased risk of post-HSCT infection. These SNPs can be used
as potential markers to predict clinical outcomes of allogenic
HSCT and provide personalized care for high-risk patients. Fur-
thermore, these findings may also contribute toward the devel-
opment of new treatment modalities targeting immune reconsti-
tution or enhancing Tregs population in allogenic HSCT.
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