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ABSTRACT

Association of FoxP3 polymorphism

with allograft outcome in renal transplantation

Hyewon Park

The Department of Laboratory Medicine

College of Medicine

The Graduate School

Seoul National University

Background. FoxP3 is the most reliable marker for regulatory T cells

which play an important role in maintaining tolerance of renal

allograft. Recently, FoxP3 gene polymorphisms have been reported to

be associated with graft survival in renal transplantation.

Methods. We analyzed the association of FoxP3 polymorphisms

(rs3761548A/C, rs2280883C/T, rs5902434del/ATT, and rs2232365A/G)

and graft outcome by polymerase chain reaction with

sequence-specific primers (PCR-SSP) on 231 adult renal

transplantation recipients performed during the period of 1996-2004 in

Seoul National University Hospital.

Results. Patients with rs2280883 TT genotype showed lower acute

rejection rate compared to CC or CT genotype (26.9% vs 53.3%, P =

0.038). Patients with rs3761548 CC genotype showed better graft

survival compared to AC or AA genotype (log rank test, P = 0.03).

Patients with rs2280883 TT genotype showed better graft survival

compared to CT or CC genotype (P = 0.02).
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Patients with rs3761548 CC genotype showed lower rate or recurrence

of underlying glomerular disease compared to AC or AA genotype (P

= 0.01).

Conclusion. FoxP3 polymorphism rs3761548 CC and rs2280883 TT

genotypes were associated with superior graft outcome of renal

transplantation in Koreans. Further studies are needed in larger

number of patients.

……………………………………………………………………

keywords : FoxP3, single nucleotide polymorphism,

renal transplantation, graft survival

Student Number : 2013-30544
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1. INTRODUCTION

Improved pre-transplantation evaluation and the development of

post-transplantation immunosuppressive therapy have led to a marked

improvement in short-term graft survival in renal transplantation.

However, long-term graft survival remains unsatisfactory [1].

Immunologic responses of patients play pivotal roles in graft rejection

or recurrence of underlying renal disease. Regulatory T cells (Tregs)

promote a state of antigen specific peripheral tolerance by suppressing

activation and expansion of T effector cells, as reported in experimental

models [2, 3]. Therefore they play an important role in maintaining

self-tolerance and in regulating graft rejection and graft-versus-host

disease [4, 5].

Foxkhead box P3 (FoxP3) is a member of Forkhead box protein, a

family of transcription factors that play important roles in regulating

the expression of genes [6]. FoxP3 involves in immune system

reponses, appearing as a master regulator of the regulatory pathway in

the development and function of regulatory T cells [7, 8].

FoxP3 is more specific for Treg cells than CD25 or CD45RB, although

it is not completely exclusive. CD4+ effector T cells without

suppressive activity may still upregulate FoxP3 expression upon

activation. Therefore, FoxP3 cannot be considered as a unique symbol

of human Treg cells [9]. However, Treg cells that express FoxP3 are

critical in the transfer of immune tolerance, especially self-tolerance.

Constitutive expression of FoxP3 is the decisive factor driving the

immunosuppressive function of mouse and human Treg cells [10].
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Therefore, FoxP3 remains the most reliable marker for Treg [11].

FoxP3 gene polymorphisms, which could affect the function and

quantity of FoxP3 molecule, and thus result in the Treg function

defects, have been associated with various autoimmune diseases [11,

12].

For renal transplantation, the impact of FoxP3+ Tregs on graft

outcomes seems conflicting in previous reports [13-19]. In some study,

the presence of intragraft Tregs have been associated with favorable

renal allograft outcome [13, 14]. The FoxP3+ Treg/CD3+ T cell ratio

positively correlated with graft function at 2 years after transplantation

[13]. These cells could direct a FoxP3-induced immune response toward

suppression of T effector cells, promoting renal graft acceptance with

improved function. Lower level of intragraft FoxP3 mRNA predicts

progression in renal transplants with borderline change [15]. The mRNA

levels of FoxP3 in peripheral blood were higher in patients with

operational tolerance or stable kidney graft function compared to

patients with chronic rejection [16, 17]. However, other groups reported

that mRNA for FoxP3 in the urine of recipients with acute rejection

was higher than recipients with normal biopsy [18] and association of

higher density of FoxP3+cells with worse graft outcome in recipients

with acute cellular rejection [19].

Recently, an association between FoxP3 gene polymorphisms and graft

outcome has been reported also with conflicting results [20-22].

Therefore, we analyzed the association of four FoxP3 single nucleotide

polymorphisms (SNPs) (rs3761548 A/C, rs2280883 C/T, rs5902434
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del/ATT, and rs2232365 A/G) with graft outcome in renal

transplantation.
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2. MATERIALS AND METHODS

2.1. Subjects

This study included 231 renal transplantation cases performed between

January 1996 and December 2004 at the Seoul National University

Hospital. The baseline characteristics of the 231 kidney transplant

recipients are shown in Table 2. Residual DNA samples were collected

after routine preoperative tests for HLA genotype. DNA samples from

195 healthy Korean studied in our previous cohort were used [23].

Samples were preserved at -70℃ prior to the experiments performed

for this study. The following characteristics were collected: age and

gender of recipient; age and gender of donor; type of donor (living vs

cadaveric donor); primary renal disease causing end-stage renal disease;

number of HLA mismatches; number of HLA-DR mismatches;

crossmatch result at the time of transplantation; duration of

hemodialysis; type of immunosuppression; time of transplantation;

occurrence and time point of biopsy-proven acute rejection; recurrence

of primary renal disease; 1-, 3-, 5-, 10-year creatinine levels

post-transplantation; occurrence and time of graft failure, defined as

graft nephrectomy or return to hemodialysis. The study protocol was

the Declaration of Helsinki and approved by the institutional review

board of Seoul National University Hospital (IRB No. 1306-121-501).
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2.2. Analysis of FoxP3 Gene SNPs

A total of 426 DNA samples were extracted from the peripheral blood

of patients and controls by using the LaboPass Genomic DNA

Extraction Kit (COSMO, Seoul, Korea) or QuickGene DNA whole blood

kit (Fujifilm, Tokyo, Japan) and maintained at -80℃ prior to being used

for these analyses. Four FoxP3 polymorphisms (rs3761548 A/C,

rs2280883 C/T, rs5902434 del/ATT, and rs2232365 A/G) were analyzed

by polymerase chain reaction with sequence-specific primers

(PCR-SSP) with some modification [24] (Table 1). Modification includes

division of existing primer sequences, slight shift of position, and

application of inosine hinges to improve specificity of target

polymorphisms. PCR was performed by 40 μL reaction mixture

containing 40 ng DNA, 0.2 mM of each primer, 0.8 μL of 10 mM

dNTP, 2.0 mM MgCl2, 1.0 U Taq DNA polymerase (Roche applied

science, Basel, Switzerland), and 4 μL of 10× reaction buffer. The PCR

protocol consisted of an initial denaturation step at 95℃ for 5 min; 35

cycles of denaturation at 95℃ for 30 sec, annealing (temperatures

detailed in Table 1) for 30 sec, and extension at 72℃ for 30 sec, and a

final extension step at 72℃ for 5 min.
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SNP AT (℃) Sequence (5’ → 3’)

rs3761548 C 59 F CTGGCTCTCTCCCCAACTGA

R ACAGAGCCCATCATCAGACTCTCTA

A F CTGGCTCTCTCCCCAACTGC

R ACAGAGCCCATCATCAGACTCTCTA

rs2280883 C 64 F GATCAAATGGGTGTTACAAGGIIIIITTGGGIAC

R CAAGTTCCACAACATGCGACIIIIITTCACCTA

T F GATGATGATTGCAGTGAGGCTIIIIITCAGGATG

R TATGTCAATACACCCCCAACTGIIIIICATTCICA

rs5902434 Del 62 F GAGAAAGAGAGGCAGAGAAACATIIIIAAGAGCAAG

R AGGTCTTTAAAAAAATAATAGAATAAAIIIIIGAAGACTT

ATT F GCCATTTATTCTATTATTATTTTTTIIIIIACCTTACC

R GTGGTGAGGGGAAGAAATCATIIIITCAGATGA

rs2232365 A 67 F CTTCTACAGGCCCCAGCTCIIIIIACICCATC

R AGTGACTAGGCATGGACTCAAAIIIIICATCTGGC

G F CAGCATGGCAAGTGACAGAGAIIIIIAGAGACGG

R CCAGCATGGCAAGTGACAGAIIIIIGGAGATAC

Table 1. Sequence specific primers of FoxP3 polymorphisms

Abbreviations: SNP, single nucleotide polymorphism; AT, annealing temperature; F, forward; R, reverse; del,

deletion; I, inosine.
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2.3. Processing reference sequence data

The Korean Reference Genome database (KRGDB) were used as

reference population [25]. KRGDB is a database analyzed 622 Korean

individuals by whole genome sequencing using Illumina Hiseq2000

sequencer. We searched for corresponding rs number in our study

and drew up major and minor allele frequency of three SNVs

(rs3761548, rs2280883 and rs2232365) and one insertion/deletion variant

(rs5902434). Genotype frequencies of these SNPs or indel of FoxP3

were calculated by a simple allele counting method.
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2.4. Predicting the effect of intron variant

For the possibility of epigenetic alteration of intronic variant,

rs2280883, the likely consequences of the splice site mutation on

splicing efficiency were evaluated using the Netgene2 program

(http://www.cbs.dtu.dk/services/NetGene2) [26, 27].
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2.5. Statistical analysis

Differences of allele frequency and genotype frequency were

compared using a 2-sided Chi-square test or Fisher’s exact test, as

appropriate. The logistic regression analysis was performed to find

the independent association between presence/absence of alleles and

disease while adjusting for the covariates. The odds ratio (OR) was

calculated using a 95% confidence interval. Univariate and

multivariate Cox proportional hazard regression models were used to

estimate the crude and adjusted hazard ratios (HRs) and their 95%

CIs. Multivariate analysis was performed to confirm the association

between FoxP3 polymorphism and graft outcome (acute rejection or

all rejection) after considering confounding factors by univariate

analysis. Variables with P < 0.25 from univariate logistic regression

analyses were included in multivariate analysis, which performed by

backward stepwise selection. Death-censored graft survival was

analyzed using the Kaplan-Meier method and the log-rank test. SPSS

for Windows version 18.0 (SPSS, Chicago, IL, USA) was used for

statistical analysis.

Allelic and Genotypic frequencies of SNPs of FoxP3 were calculated

by a simple allele/genotype counting method. Allelic distribution in

cases and controls [23] was compared by odds ratio statistics using

MedCalc Statistical Software version 16.4.3 (MedCalc Software bvba,

Ostend, Belgium; https://www.medcalc.org; 2016). The alleles and

corresponding homozygous genotypes with major frequency in the

control group have been selected as reference (OR = 1). A P value
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of < 0.05 was considered statistically significant. Linkage

disequilibrium (LD), expected heterozygosity were performed using

Arlequin software ver.3.5.2.2. [28]. Significance of difference between

groups was analysed using Chi square test.

The variance in the haplotypes and Hardy-Weinberg equilibrium

exact test and MAF were analyzed using Haploview version 4.2,

(http://www.broadinstitute.org/mpg/haploview) [29].
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3. RESULTS

3.1. Characteristics of the study population

The baseline characteristics of the 231 kidney transplant recipients

are shown in Table 2 and Table 3. Rs3761548 CC and rs2280883 TT

genotypes showed significantly better survival (P = 0.038 and P =

0.032, respectively).

Diabetic nephropathy (DN) composes only 5.2% (10/194) causes of

renal transplantation. Sixty percent (6/10) of DN recipients and 26.5%

(50/189) of non-diabetic nephropathy (NDN) recipients experienced

acute rejection during follow up. Sixty percent (6/10) of DN recipients

and 36.0% (68/189) of NDN recipients underwent any kinds of

rejection episodes. Acute rejection and all rejection hazard ratio for

DN is 5.05 and 2.53 times that of NDN (P = 0.001 and 0.039,

respectively) (data not shown). Consequently DN recipients

experienced shorter graft survival (P = 0.001).

Of all recipients, 28.6% went through acute rejection, and their graft

survival was also significantly shorter (P < 0.001). Otherwise, no

significant differences in age, primary disease, human leukocyte

antigen mismatches, renal transplantation, Anti-HLA immunisation,

post-transplantation serum creatinine level or immunosuppressant

regimen were found between patients of either SNP groups.

We performed mutivariate analysis on four variates above, however

no significant factor was observed (Table 4).
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Characteristics

Study population

(n = 231) P value*

Recipient

Median age (IQR) [years] 38 (30-46) 0.329

Gender [M/F] 142/89 0.967

Graft failure [GF-/GF+] 208/23 n/a

FoxP3 polymorphism

rs3761548 [AC or AA/CC]

rs2280883 [CT or CC/TT]

rs5902434 [ATT/ATT, del/del or del/ATT]

rs2232365 [AG or GG/AA]

Primary diseases [DN/NDN]†

209/22

216/15

173/58

173/58

10/165

0.038

0.032

0.254

0.254

0.001

Induction therapy [-/+] 199/32 0.445

Donor

Median age (IQR) [years] 37 (27-48) 0.935

Gender [M/F] 224/7 0.086

Transplant

Graft origin [LD/CD] 203/28 0.904

Number of HLA-mismatches 2.6 ± 1.5 0.231

Acute rejection [AR-/AR+]

Crossmatch [+/-]‡

165/66

2/229

<0.001

0.757

Anti-HLA immunization

(PRA-positive)§

Class I 36 (26.9%) 0.230

Class II 47 (35.1%) 0.130

Serum creatinine (mg/dL)

1-year 1.4±1.0 0.554

3-year 1.5±1.3

5-year 1.6±1.3

10-year 1.6±1.3

Table 2. Characteristics of the study population and univariate Cox

proportional hazards regression analysis with regard to graft survival
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* univariate Cox regression analysis

†56 (24.1%) cases could not be defined as either primary disease category.

‡All 231 cases were negative for cytotoxic crossmatch and two cases were

positive only for T-cell flowcytometric crossmatch.

§ 98 (42.2%) cases do not have PRA results at the time of transplantation.

Abbreviations: IQR, interquartile range; M, male; F, female; DN, diabetic

nephropathy; NDN, nondiabetic nephropathy; n/a, not available; LD, living

donor; CD, cadaveric donor.
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Characteristics rs3761548

P

rs2280883

P

rs5902434

P

rs2232365

P
CC AC or

AA

TT CC or

CT

del/del or

del/ATT

ATT/

ATT

AA AG or

GG

Immunosuppressive

regimen

0.173 0.293 0.908 0.908

CsA+ Pd 23

(10.4%)

5

(2.3%)

25

(11.3%)

3

(1.4%)

23

(10.4%)

5

(2.3%)

23

(10.4%)

5

(2.3%)

CsA+MMF+Pd 47

(21.2%)

4

(1.8%)

48

(21.6%)

3

(1.4%)

37

(16.7%)

14

(6.4%)

37

(16.7%)

14

(6.4%)

CsA+Pd

+FK506

26

(11.7%)

6

(2.7%)

29

(13.1%)

3

(1.4%)

24

(10.8%)

8

(3.6%)

24

(10.8%)

8

(3.6%)

CsA+MMF+Pd 45

(20.3%)

3

(1.4%)

47

(21.2%)

1

(0.5%)

38

(17.1%)

10

(4.5%)

38

(17.1%)

10

(4.5%)

CsA+MMF

+Pd+FK506

34

(15.3%)

1

(0.5%)

34

(15.3%)

1

(0.5%)

26

(11.7%)

9

(4.1%)

26

(11.7%)

9

(4.1%)

Table 3. Immunosuppressive regimen of the 231 kidney transplant recipients.

Abbreviations: CsA, cyclosporin A; Pd, prednisolone; MMF, mycophenolate
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Variable
OS

HR (95% CI) P

RFS

HR (95% CI) P

RcFS

HR (95% CI) P

rs3761548 [AC or AA/CC]
2.45

(0.38-15.66)
0.343

1.79

(0.27-11.92)
0.546

3.62

(0.73-17.95)
0.115

rs2280883 [CT or CC/TT]
0.56

(0.07-4.35)
0.577

1.21

(0.12-12.72)
0.872

1.46

(0.21-10.41)
0.704

Primary diseases [DN/NDN]
3.37

(0.68-16.80)
0.139

0.71

(0.07-7.30)
0.776

3.29

(0.73-14.75)
0.120

Acute rejection [AR-/AR+]
4.98

(1.70-14.57)
0.003 NA NA

1.93

(0.75-5.00)
0.174

Table 4. Multivariate analysis of factors related with graft survival in renal transplantation.

Abbreviations: OS, overall survival; RFS, rejection free survival; RcFS, recurrence free survival; HR, hazard ratio; CI,

confidence interval; DN, diabetic nephropathy; NDN, non-diabetic nephropathy
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3.2. Comparison of gene frequency with Korean

population database

For the frequencies of alternative alleles of rs3761548 and rs5902434

were found to be significantly high in kidney recipient group as

compared to controls indicating genetic predisposition of impaired

renal function (P < 0.01 and 0.02; OR = 1.55 and 1.29; 95% CI =

1.12-2.13 and 1.03-1.62, respectively; Table 5).

For rs2280883 and rs2232365, the frequencies of alternative alleles

were significantly low in kidney recipient group as compared to

controls (P < 0.01 and 0.03; OR = 0.48 and 0.78; 95% CI = 0.34-0.69

and 0.62-0.98, respectively; Table 5).
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FoxP3

polymorphisms

Reference

Allele

Alternative

Allele

Control

Alternative AF (%)

Recipient

Alternative AF (%)

OR

(95% CI) P

rs3761548 C A 1022 (82.4) 392 (87.9) 1.55 (1.12-2.13) < 0.01

rs2280883 T C 208 (16.8) 41 (8.9) 0.48 (0.34-0.69) < 0.01

rs5902434 ATT del 750 (60.5) 307 (66.5) 1.29 (1.03-1.62) 0.02

rs2232365 T C 484 (39.0) 154 (33.3) 0.78 (0.62-0.98) 0.03

Table 5. Comparison of allelic frequency of FoxP3 polymorphisms in recipients with Korean cohort.

Abbreviations: AF, allelic frequency; OR, odds ratio.
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3.3. Linkage disequilibrium and haplotype-based

association analysis

LD analysis revealed strong linkage between rs5902434, rs2232365

and rs3761548 in the FoxP3 gene (r2 = 0.98, D’= 1.00 ). Weak

correlation was revealed between rs2280883 and rs5902434 in the

FoxP3 gene (r2 = 0.20, D’ = 1.00). Therefore two representative SNP

rs2280883 and rs5902434 was included in subsequent genetic

analyses. Expected heterozygosity is 0.16 for rs2280883, reflecting an

excess of homozygotes. Expected heterozygosity for rs5902434 and

rs2232365 is 0.45 and 0.45, respectively. Theta(H) under the

infinite-allele model is 0.19 for rs2280883, 0.81 for rs5902434 and 0.80

for rs2232365 (Figure 1).

LD analysis for FoxP3 was duplicated using both Arlequin 3.5.2.2.

and Haploview 4.2. Haplotype blocks were used to measure LD.

Samples from kidney allograft recipients exhibited substantial LD

amongst themselves (Figure 2). We detected one LD block within

FoxP3. As shown in Figure 2, the number and the color of the

square indicates D’ and the gray square denotes D’ = 1. The gradient

colors demonstrate the strengths of the LDs of the tag SNPs. The

LD block 1 haplotype was formed by three tag SNPs (rs2232365:T,

rs3761548:A and rs5902434:del), which had nominally significantly

different frequencies in the two groups (P value <0.001)(Table 6).

Other haplotypes were not significantly associated between kidney

allografts and recipients. All SNPs studied but rs2280883 participated

in forming haplotypes (Figure 2 and Table 6).
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Figure 1. Expected heterozygosity (A) and theta (H) (B) at

rs2280883, rs5902434 and rs2232365. rs2280883 shows low genetic

diversity and polymorphism. rs5902434 and rs2232365 show rich and

even genetic diversity. Values are similar because the segregation of

two locus (figure not shown).
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Figure 2. Linkage disequilibrium of FoxP3 polymorphisms (A) All

subjects, (B) kidney transplant recipients, and (C) controls.
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Haplotype
Allele frequency

Chi-square P
Case Control

T-A-del 0.061 0.227 15.314 < 0.001

G-A-del 0.312 0.212 3.627 0.25

G-G-ATT 0.620 0.561 1.241 0.50

Table 6. Association of haplotype frequencies of FoxP3 polymorphisms with kidney recipients.

Abbreviation: del, deletion
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3.4. Association of FoxP3 polymorphisms with

graft rejection

The frequency of acute rejection (AR) in rs3761548 AC or AA

genotype showed a tendency of increase compared to CC genotype

(45.5% vs. 26.8%, P = 0.082) (Table 7). The frequency of acute

rejection (AR) in rs2280883 CT or CC genotype showed significantly

increase compared to TT genotype (53.3% vs. 26.9%, P = 0.038)

(Table 7). In univariate analysis, rs2280883 CC or CT genotype was

a risk factor for acute rejection compared to TT genotype (P = 0.04).

Other polymorphisms showed no association with acute rejection.

Chronic or all rejection is not associated with any FoxP3

polymorphisms analyzed in this study.

Of the four SNPs analyzed, rs3761548 and rs5902434 were

reconstructed a block combined of two haplotypes (G-ATT and

A-del). Association between haplotypes and rejection episodes (acute

or chronic) was not observed (P = 0.933 and P = 0.979, respectively).
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FoxP3

SNP

AR (%)

P

CR (%)

P

All rejection

P
(-) (+) (-) (+) (-) (+)

rs3761548

C/A

0.082 0.260 0.167

CC 153

(73.2)

56

(26.8)

172

(82.3)

37

(17.7)

131

(62.7)

78

(37.3)

AC or

AA

12

(54.5)

10

(45.5)

16

(72.7)

6

(27.3)

10

(45.5)

12

(54.5)

rs2280883

C/T

0.038 0.489 0.103

TT 158

(73.1)

58

(26.9)

177

(81.9)

39

(18.1)

135

(62.5)

81

(37.5)

CC or

CT

7

(46.7)

8

(53.3)

11

(73.3)

4

(26.7)

6

(40.0)

9

(60.0)

rs5902434

del/ATT

0.407 0.562 0.878

del/del

or

del/ATT

126

(72.8)

47

(27.2)

139

(80.3)

34

(19.7)

105

(60.7)

68

(39.3)

ATT/

ATT

39

(67.2)

19

(32.8)

49

(84.5)

9

(15.5)

36

(62.1)

22

(37.9)

rs2232365

A/G

0.407 0.562 0.878

AA 126

(72.8)

47

(27.2)

139

(80.3)

34

(19.7)

105

(60.7)

68

(39.3)

AG or

GG

39

(67.2)

19

(32.8)

49

(84.5)

9

(15.5)

36

(62.1)

22

(37.9)

Table 7. Association of FoxP3 polymorphisms with graft rejection
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Abbreviations: SNP, single nucleotide polymorphism; AR, acute

rejection; CR, chronic rejection
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Haplotype HF (%)
rejection event (%)

chi-square P-value
(+) (-)

Acute rejection

G-ATT 60.8 61 (61.0) 39 (39.0) 0.007 0.933

A-del 39.2 39 (39.0) 61 (61.0) 0.007 0.933

Chronic rejection

G-ATT 60.8 62 (61.1) 40 (38.9) 0.001 0.979

A-del 39.2 40 (38.9) 62 (61.1) 0.001 0.979

Table 8. Association of FoxP3 haplotypes of rs3761548 and rs5902434 with acute or chronic graft rejection

Abbreviations: HF, haplotype frequency; del, deletion
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3.5. Graft survival and FoxP3 polymorphism

Kaplan-Meier analysis was used to examine the relationships between

FoxP3 SNPs and graft survival. Patients with rs3761548 CC genotype

showed better graft survival compared to AC or AA genotype (log

rank test, P = 0.03). Patients with rs2280883 TT genotype showed

better graft survival compared to CT or CC genotype (P = 0.02)

(Figure 3A and B). The mean and 95% CI of time to graft failure for

the rs3761548 CC and AC or AA groups were 174.9 ± 3.7 (95% CI:

167.8-182.1) months and 152.0 ± 14.8 (95% CI: 123.0-181.0) months,

respectively; For the rs2280883 TT and CT or CC groups were 174.1

± 3.6 (95% CI: 167.0-181.3) months and 141.3 ± 16.0 (95% CI:

110.0-172.6) months, respectively.

Two haplotypes reconstructed from rs3761548 and rs5902434 shows

no association with graft failure (P = 0.763).
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Figure 3. Kaplan-Meier survival analysis of graft survival and

FoxP3 polymorphism (A) rs3761548 A/C, (B) rs2280883 C/T, (C)

rs5902434, and (D) rs2232365. (A) Patients with rs3761548 CC

genotype (n = 209) showed better graft survival than those with AC

or AA genotype (n = 22) (log rank test, P = 0.03). (B) Patients with

rs2280883 TT genotype (n = 216) showed better graft survival than

those with CT or CC genotype (n=15) (P = 0.02).
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Figure 4. Kaplan-Meier survival analysis of graft survival and

FoxP3 haplotypes of rs3761548 and rs5902434. Neither haplotype

showed association with graft survival (log rank test, P = 0.960).

Ambiguous heterozygotes were excluded from analysis (n = 30).
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3.6. Recurrence of underlying glomerular disease

posttransplant and FoxP3 polymorphism

Relationship between FoxP3 polymorphism and recurrence of

underlying glomerular disease was also analyzed by Kaplan-Meier

survival analysis. Patients with rs3761548 CC genotype showed lower

rate of recurrence of underlying glomerular disease compared to AC

or AA genotype (P = 0.01) (Figure 4). The mean and 95% CI of

time to recurrence of underlying glomerular disease for the rs3761548

CC and AC or AA groups were 180.9 ± 3.0 (95% CI: 175.1-186.8)

months and 140.5 ± 15.3 (95% CI: 110.4-170.5) months, respectively.

Two haplotypes reconstructed from rs3761548 and rs5902434 shows

no association with recurrence of underlying disease (P = 0.308).
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Figure 5. Kaplan-Meier survival analysis of recurrence of underlying

glomerular disease posttransplant and FoxP3 polymorphism (A)

rs3761548 A/C, (B) rs2280883 C/T, (C) rs5902434, and (D) rs2232365.
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Longer recurrence-free period was observed for genotype with CC

homozygote as compared to genotypes with A allele for rs3761548 (

log rank test, P = 0.01).
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Haplotype HF (%)
Recurrence (%)

chi-square P-value
(+) (-)

G-ATT 71.2 85 (90.4) 9  (9.6)
1.038 0.31

A-del 28.8 32 (84.2) 6 (15.8)

Table 9. Association of FoxP3 haplotypes of rs3761548 and rs5902434 with the recurrence of underlying

disease.

Abbreviations: HF, haplotype frequency; del, deletion
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3.7. Posttransplant infection and FoxP3

polymorphism

For rs5902434, recipients with null allele showed marginal

significance of higher posttransplant infection, regardless of pathogen

(n = 35, 15.2%) than recipients without null allele (n = 5, 2.2%) (OR

= 2.69, 95% CI = 1.00-7.23, P = 0.05). Recipients with rs2232365 A

allele also showed marginal significance of higher posttransplant

bacterial infection (n = 35, 15.2%) than recipients without A allele (n

= 5, 2.2%) (OR = 2.69, 95% CI = 1.00-7.23, P = 0.05) (Table 10).

Same finding was observed with all posttransplant bacterial infection

for rs 5902434 and rs2232365 (Table 10).

No association between any FoxP3 polymorphisms and

posttransplant infection by other kinds of pathogen (virus,

mycobacteria or fungus) was found (Table 12, 13, 14).
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FoxP3

polymorphism

All infection (%) OR

(95% CI) P(+) (-)

rs3761548C/T
CC 90 (43.1) 119 (56.9) 1.10

(0.46-2.66)
0.83

AC or AA 10 (45.5) 12 (54.5)

rs2280883C/T
TT 6 (40.0) 9 (60.0) 1.16

(0.40-3.37)
1.00

CC or CT 94 (43.5) 122 (56.5)

rs5902434

del/ATT

del/del or del/ATT 35 (15.2) 138 (59.7) 2.69

(1.00-7.23)

0.05

ATT/ATT 5 (2.2) 53 (22.5)

rs2232365A/G GG 5 (2.2) 53 (22.5) 2.69

(1.00-7.23)

0.05

GA or AA 35 (15.2) 138 (59.7)

Table 10. Patients with posttransplant infection according to FoxP3 polymorphism.

Abbreviations: OR, odds ratio; del, deletion
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FoxP3

polymorphism

Bacterial infection (%) OR

(95% CI) P(+) (-)

rs3761548C/T
CC 37 (17.7) 172 (82.3) 0.73

(0.21-2.61)
0.77

AC or AA 3 (13.6) 19 (86.4)

rs2280883C/T
TT 1 (6.7) 14 (93.3) 3.09

(0.39-24.16)
0.48

CC or CT 39 (18.1) 177 (81.9)

rs5902434

del/ATT

del/del or del/ATT 35 (20.2) 138 (79.8) 2.69

(1.00-7.23)

0.05

ATT/ATT 5 (8.6) 53 (91.4)

rs2232365A/G
GG 5 (8.6) 53 (91.4) 2.69

(1.00-7.23)

0.05

GA or AA 35 (20.2) 138 (79.8)

Table 11. Patients with posttransplant bacterial infection according to FoxP3 polymorphism.

Abbreviations: OR, odds ratio; del, deletion
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FoxP3

polymorphism

Viral infection (%) OR

(95% CI) P(+) (-)

rs3761548C/T CC 40 (19.1) 169 (80.9) 1.24

(0.43-3.57)
0.78

AC or AA 5 (22.7) 17 (77.3)

rs2280883C/T TT 3 (20.0) 12 (80.0) 0.97

(0.26-3.58)
1.00

CC or CT 42 (19.4) 174 (80.6)

rs5902434

del/ATT

del/del or del/ATT 33 (19.1) 140 (80.9) 1.11

(0.53-2.32)

0.85
ATT/ATT 12 (20.7) 46 (79.3)

rs2232365A/G
GG 12 (20.7) 46 (79.3) 1.11

(0.53-2.32)

0.85

GA or AA 33 (19.1) 140 (80.9)

Table 12. Patients with posttransplant viral infection according to FoxP3 polymorphism.

Abbreviations: OR, odds ratio; del, deletion
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FoxP3

polymorphism

Mycobacterial infection (%) OR

(95% CI) P(+) (-)

rs3761548C/T
CC 5 (2.4) 204 (97.6) NA 1.00

AC or AA 0 (0.0) 22 (100.0)

rs2280883C/T

TT 0 (0.0) 15 (100.0) NA 1.00
CC or CT 5 (2.3) 211 (97.7)

rs5902434

del/ATT

del/del or del/ATT 5 (2.9) 168 (97.1) NA 0.33

ATT/ATT 0 (0.0) 58 (100.0)

rs2232365A/G
GG 0 (0.0) 58 (100.0) NA 0.33

GA or AA 5 (2.9) 168 (97.1)

Table 13. Patients with posttransplant mycobacterial infection according to FoxP3 polymorphism.

Abbreviations: OR, odds ratio; del, deletion
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FoxP3

polymorphism

Fungal infection (%) OR

(95% CI)
P value

(+) (-)

rs3761548C/T CC 2 (1.0) 207 (99.0) 4.93

(0.43-56.66)

0.26

AC or AA 1 (4.5) 21 (95.5)

rs2280883C/T TT 0 (0.0) 15 (100.0) NA 1.00

CC or CT 3 (1.4) 213 (98.6)

rs5902434

del/ATT

del/del or del/ATT 2 (1.2) 171 (98.8) 1.50

(0.13-16.85)

1.00

ATT/ATT 1 (1.7) 57 (98.3)

rs2232365A/G GG 1 (1.7) 57 (98.3) 1.50

(0.13-16.85)

1.00

GA or AA 2 (1.2) 171 (98.8)

rs3060515

del/ATA/TAATA

del/del or

del/TAATA
2 (1.2) 171 (98.8)

1.50

(0.13-16.85)

1.00

TAATA/TAATA 1 (1.7) 57 (98.3)

Table 14. Patients with posttransplant fungal infection according to FoxP3 polymorphism.

Abbreviations: OR, odds ratio; del, deletion
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3.8. In-silico analysis of the intron variant on

splicing efficiency of FoxP3 polymorphism

The Netgene2 splice site prediction program comparing the

wild-type FoxP3 sequence, NC_000023.11:g.49252667C, with the

NC_000023.11:g.49252667T allele scored the likelihood of the canonical

splice site as being active abour 95% and the variant site with the

substituted T was abour 95%, similarly (Figure 5).
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Figure 6. NetGene2 graphics output of rs2280883 intron variant

prediction with (A) C allele, (B) T allele; the top part of "coding" is

the activity of an ensemble of coding predicting networks, a cyan

impulse is a prediction that has been discarded during the refinement,

and a magenta colored impulse is a prediction that has been changed

by the rule based system. Both graphs shows similar pattern and

score (data not shown).
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4. DISCUSSION

In our study, rs3761548 AA genotype was associated with inferior

graft survival and recurrence of primary renal disorders. Rs3761548

AA genotype was associated with psoriasis [30], unexplained

recurrent spontaneous abortion in Chinese [31], and intractability of

Graves’ disease in Japanese [32]. Recently, association of AA

genotype with allograft rejection was reported in renal transplantation

in Chinese [20] and in Indian [22], which are somewhat similar to our

findings. Polymorphisms of FoxP3 gene promoter may alter the

binding specificity of transcription factors and are relevant to

initiating transcription, therefore, might affect the function or quantity

of Treg [33]. Oda et al. [12] indicted that rs3761548 AA genotype

leads to a loss in binding with E47 and c-Myb, leading to defective

transcription of FoxP3. Qiu et al. [20] proved that patients with AA

genotype were more prone to allograft rejection in renal

transplantation and the function of Treg in patients with AA

genotype is weaker than that of CC genotype.

In our study, rs2280883 with C allele was associated with higher

acute rejection event; rs2280883 CC genotype was also associated

with inferior graft survival. Although there is no article elucidating

an association of rs2280883 and renal disease so far, several studies

which elicited clinical effects of rs2280883 polymorphisms has been

carried out. Analysis of the rs2280883 CC genotype was increased in

infertile women with idiopathic infertility in Brazil [34] and Graves’s

disease in China [35]. The rs2280883 variant was associated with
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susceptibility to systemic sclerosis in Italia [36], and its genotypic

frequency exhibited significant differences in patients with primary

biliary cirrhosis [37]. The mutant TT genotype was found to be more

frequent among patients with hepatitis B-related hepatocellular

carcinoma [38]. In our study, rs2280883 polymorphism was not related

with chronic rejection. There is consistent study result that also

suggest the association of FoxP3 polymophism and acute rejection

[22]. But these are somewhat different finding with previous studies

because FoxP3+Treg cells are more involved in chronic rejection

regardless subtle or obvious [39].

Polymorphisms of other genes which are relevant with host immune

responses such as FasL or IL-17 have been reported [40, 41]. Further

studies are needed in larger number of patients and in other ethnic

groups to confirm the association of rs2280883 CC genotype with

clinical outcome of renal allograft.

Although there have been a few studies regarding the effects of

FoxP3 polymorphisms on infection, it is sufficiently inferable by

mechanism FoxP3 works on immune system. Piao et al. suggested

that FoxP3 polymorphism at rs3761548 A allele may be associated

with lower postplant CMV infection in allo-HSCT recipients [42].

This finding is consistent with our results, excluding the pathogen.

Of our SNPs studied, rs2280883 is the only intron variant. which is

located in intron2 (NC_000023.11:g.49252667T>C). However it shows

statistically significant association with graft survival. To elucidate

this, we performed in-silico analysis. The variant is at the 902th base
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pair of the splice junction, it is theoretically unlike that T>C change

may cause splicing defect. However, we presented an evidence that

rs2280883C>T is associated with graft outcome. Therefore rs2280883

may not be a pathogenic variant but in linkage disequilibrium with

another pathogenic variant. However, this result is merely

computational prediction, and additional studies are necessary to

confirm the FoxP3 expression level, rather than simple splicing

prediction. RT-PCR of transcripts from peripheral Treg cells can be

the method.

Expression level of FoxP3 is largely determined by epigenetic

regulation [43]. Treg cells possess specific epigenetic features. For

example, DNA hypomethylation is specifically observed at Treg

signature gene loci, such as FoxP3, Ctla4, Ikzf4, and Ikzf2 [44] and

permissive histone marks are specifically present in Treg cells at the

FoxP3 promoter region[45]. In addition, DNA hypomethylation at

FoxP3 CNS2 (conserved noncoding region 2), an enhancer region, is

important for Treg-cell lineage specification, as it enhances FoxP3

transcription ay allowing the binding of transcription factors [46].

These epigenetic control on FoxP3 expression cannot be determined

by splicing analysis alone.

In transplant field, in which self tolerance is crucial for successful

engraftment, it can be deduced that genetic variants or protein

expression level of FoxP3 not only affects graft outcome, but also

have potential as a therapeutic option. Based on this deduction, data

is accumulated in transplant field, mainly limited to hematopoietic
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stem cell transplantation in type 1 diabetes mellitus or IPEX

syndrome patients. For kidney transplant, accumulating data suggest

that Treg cells might induce graft tolerance in tertiary lymphoid

organ in graft, therefore slow down the kinetics of chronic rejection

[47]. In animal studies, mice and pigs show systemic tolerance to

kidney, skin and heart allografts from the same donor strain, initially

dependent on FoxP3+ cells [48, 49]. To lesser extent, the presence of

intragraft Tregs has been suggested as a positive predictor of

favorable transplant outcome in stable patients, especially with

subclinical signs of rejection [50]. However it is still controversial. Xu

X et al. conducted an experiment with chronic rejected kidney

allografts, showing it could be an epiphenomenon of the inflammatory

process [51]. In our study, no association was found between chronic

rejection and four SNPs studied, probably because we investigate

genetic polymorphism of Foxp3 only rather than afterward

transcription processes. Other regulating genes such as NFAT1 which

can affect the expression of Foxp3 and function of Tregs can play

some roles in graft tolerance.

Diabetic nephropathy (DN) composes only 5.2% (10/194) causes of

renal transplantation, which is much less compared to recent literature

[52, 53]. However, Han et al. reported that diabetes mellitus occupied

only 7.1% and 11.7% in 1995-1999 and 2000-2004 period, respectively,

and rushed after 2005 as causative disease of kidney

transplant-requiring ESRD patients [54]. Therefore our finding is

compatible in previous data in Korea taking account of the period of
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specimen collection. Recipients with primary DN experienced more

acute or any kinds of rejection episodes. However, small number of

DN recipients involved in this study makes this finding unreliable.

Boucek P et al. compared kidney transplant outcome between type2

DN (DN2) and non-type2 DN (non-DN) kidney recipients [55].

Although they found no significant difference in Kidney graft survival

between type 2 diabetic patients and non-diabetic controls (P = 0.19),

further investigation of the data suggests DN2 recipients show far

more rejection than non-DN recipients (8% vs. 3%, P value was not

available).

This study had some limitations. First, we did not performed the

expression level of FoxP3 or epigenetic change in FoxP3 neither in

blood or graft tissue. Second, three SNPs excluding rs2280883 showed

strong linkage disequilibrium so that we could not model SNP-SNP

interaction.

In conclusion, in our study we revealed the associations of

rs3761548AA genotype and rs2280883 CC genotype with inferior graft

survival in renal transplantation in Koreans. These findings may help

to elucidate the role of Tregs in renal transplantation and predict the

clinical outcome of renal allograft.



47

REFERENCES

1. Yates PJ and Nicholson ML. The aetiology and pathogenesis of

chronic allograft nephropathy. Transpl Immunol 2006;16:148-57.

2. Graca L, Cobbold SP, Waldmann H. Identification of regulatory T

cells in tolerated allografts. J Exp Med 2002;195:1641-6.

3. Nagahama K, Nishimura E, Sakaguchi S. Induction of tolerance by

adoptive transfer of Treg cells. Methods Mol Biol 2007;380:431-42.

4. Zheng XX, Sanchez-Fueyo A, Sho M, Domenig C, Sayegh MH,

Strom TB. Favorably tipping the balance between cytopathic and

regulatory T cells to create transplantation tolerance. Immunity

2003;19:503-14.

5. Li XC and Turka LA. An update on regulatory T cells in

transplant tolerance and rejection. Nat Rev Nephrol 2010;6:577-83.

6. Tuteja G and Kaestner KH. Forkhead transcription factors II. Cell

2007;131:192.

7. Hori S, Nomura T, Sakaguchi S. Control of regulatory T cell

development by the transcription factor Foxp3. Science

2003;299:1057-61.

8. Fontenot JD, Gavin MA, Rudensky AY. Foxp3 programs the

development and function of CD4+CD25+ regulatory T cells. Nat

Immunol 2003;4:330-6.

9. Harbuz R, Lespinasse J, Boulet S, Francannet C, Creveaux I,

Benkhelifa M, et al. Identification of new FOXP3 mutations and

prenatal diagnosis of IPEX syndrome. Prenat Diagn 2010;30:1072-8.



48

10. d'Hennezel E, Ben-Shoshan M, Ochs HD, Torgerson TR, Russell

LJ, Lejtenyi C, et al. FOXP3 forkhead domain mutation and

regulatory T cells in the IPEX syndrome. N Engl J Med

2009;361:1710-3.

11. He Y, Na H, Li Y, Qiu Z, Li W. FoxP3 rs3761548 polymorphism

predicts autoimmune disease susceptibility: a meta-analysis. Hum

Immunol 2013;74:1665-71.

12. Oda JM, Hirata BK, Guembarovski RL, Watanabe MA. Genetic

polymorphism in FOXP3 gene: imbalance in regulatory T-cell role

and development of human diseases. J Genet 2013;92:163-71.

13. Bestard O, Cruzado JM, Rama I, Torras J, Goma M, Seron D, et

al. Presence of FoxP3+ regulatory T Cells predicts outcome of

subclinical rejection of renal allografts. J Am Soc Nephrol

2008;19:2020-6.

14. Grimbert P, Mansour H, Desvaux D, Roudot-Thoraval F, Audard

V, Dahan K, et al. The regulatory/cytotoxic graft-infiltrating T

cells differentiate renal allograft borderline change from acute

rejection. Transplantation 2007;83:341-6.

15. Mansour H, Homs S, Desvaux D, Badoual C, Dahan K, Matignon

M, et al. Intragraft levels of Foxp3 mRNA predict progression in

renal transplants with borderline change. J Am Soc Nephrol

2008;19:2277-81.

16. Krepsova E, Tycova I, Sekerkova A, Wohlfahrt P, Hruba P, Striz

I, et al. Effect of induction therapy on the expression of molecular

markers associated with rejection and tolerance. BMC Nephrol



49

2015;16:146.

17. Iwase H, Kobayashi T, Kodera Y, Miwa Y, Kuzuya T, Iwasaki

K, et al. Clinical significance of regulatory T-cell-related gene

expression in peripheral blood after renal transplantation.

Transplantation 2011;91:191-8.

18. Muthukumar T, Dadhania D, Ding R, Snopkowski C, Naqvi R,

Lee JB, et al. Messenger RNA for FOXP3 in the urine of

renal-allograft recipients. N Engl J Med 2005;353:2342-51.

19. Veronese F, Rotman S, Smith RN, Pelle TD, Farrell ML, Kawai

T, et al. Pathological and clinical correlates of FOXP3+ cells in

renal allografts during acute rejection. Am J Transplant

2007;7:914-22.

20. Qiu XY, Jiao Z, Zhang M, Chen JP, Shi XJ, Zhong MK. Genetic

association of FOXP3 gene polymorphisms with allograft rejection

in renal transplant patients. Nephrology (Carlton) 2012;17:423-30.

21. Engela AU, Boer K, Roodnat JI, Peeters AM, Eilers PH, Kal-van

Gestel JA, et al. Genetic variants of FOXP3 influence graft

survival in kidney transplant patients. Hum Immunol

2013;74:751-7.

22. Misra MK, Mishra A, Pandey SK, Kapoor R, Sharma RK,

Agrawal S. Association of functional genetic variants of

transcription factor Forkhead Box P3 and Nuclear Factor-kappaB

with end-stage renal disease and renal allograft outcome. Gene

2016;581:57-65.

23. Song EY, Park MH, Kang SJ, Park HJ, Kim BC, Tokunaga K, et



50

al. HLA class II allele and haplotype frequencies in Koreans based

on 107 families. Tissue Antigens 2002;59:475-86.

24. Chen X, Gan T, Liao Z, Chen S, Xiao J. Foxp3 (-/ATT)

polymorphism contributes to the susceptibility of preeclampsia.

PLoS One 2013;8:e59696.

25. Cho SB and Jung KS. Division of Bio-Medical informatics CfGS,

KNRIH. The Korean Reference Genome Database 2012.

http://152.99.75.168/KRGDB/menuPages/firstInfo.jsp (Updated in

2015).

26. Hebsgaard SM, Korning PG, Tolstrup N, Engelbrecht J, Rouze P,

Brunak S. Splice site prediction in Arabidopsis thaliana

pre-mRNA by combining local and global sequence information.

Nucleic Acids Res 1996;24:3439-52.

27. Brunak S, Engelbrecht J, Knudsen S. Prediction of human mRNA

donor and acceptor sites from the DNA sequence. J Mol Biol

1991;220:49-65.

28. Excoffier L, Lischer HE. Arlequin suite ver 3.5: a new series of

programs to perform population genetics analyses under Linux

and Windows. Mol Ecol Resour 2010;10:564-7.

29. Barrett JC. Haploview: Visualization and analysis of SNP

genotype data. Cold Spring Harb Protoc 2009;2009:pdb ip71.

30. Gao L, Li K, Li F, Li H, Liu L, Wang L, et al. Polymorphisms in

the FOXP3 gene in Han Chinese psoriasis patients. J Dermatol

Sci 2010;57:51-6.

31. Wu Z, You Z, Zhang C, Li Z, Su X, Zhang X, et al. Association



51

between functional polymorphisms of Foxp3 gene and the

occurrence of unexplained recurrent spontaneous abortion in a

Chinese Han population. Clin Dev Immunol 2012;2012:896458.

32. Inoue N, Watanabe M, Morita M, Tomizawa R, Akamizu T,

Tatsumi K, et al. Association of functional polymorphisms related

to the transcriptional level of FOXP3 with prognosis of

autoimmune thyroid diseases. Clin Exp Immunol 2010;162:402-6.

33. Hoogendoorn B, Coleman SL, Guy CA, Smith K, Bowen T,

Buckland PR, et al. Functional analysis of human promoter

polymorphisms. Hum Mol Genet 2003;12:2249-54.

34. Andre GM, Barbosa CP, Teles JS, Vilarino FL, Christofolini DM,

Bianco B. Analysis of FOXP3 polymorphisms in infertile women

with and without endometriosis. Fertil Steril 2011;95:2223-7.

35. Zheng L, Wang X, Xu L, Wang N, Cai P, Liang T, et al. Foxp3

gene polymorphisms and haplotypes associate with susceptibility

of Graves' disease in Chinese Han population. Int

Immunopharmacol 2015;25:425-31.

36. D'Amico F, Skarmoutsou E, Marchini M, Malaponte G, Caronni

M, Scorza R, et al. Genetic polymorphisms of FOXP3 in Italian

patients with systemic sclerosis. Immunol Lett 2013;152:109-13.

37. Oertelt S, Kenny TP, Selmi C, Invernizzi P, Podda M, Gershwin

ME. SNP analysis of genes implicated in T cell proliferation in

primary biliary cirrhosis. Clin Dev Immunol. 2005;12:259-63.

38. Chen Y, Zhang H, Liao W, Zhou J, He G, Xie X, et al. FOXP3

gene polymorphism is associated with hepatitis B-related



52

hepatocellular carcinoma in China. J Exp Clin Cancer Res

2013;32:39.

39. Bestard O, Cruzado JM, Mestre M, Caldes A, Bas J, Carrera M,

et al. Achieving donor-specific hyporesponsiveness is associated

with FOXP3+ regulatory T cell recruitment in human renal

allograft infiltrates. J Immunol 2007;179:4901-9.

40. Fadel FI, Elshamaa MF, Salah A, Nabhan M, Rasheed M, Kamel

S, et al. Fas/Fas Ligand pathways gene polymorphisms in

pediatric renal allograft rejection. Transpl Immunol 2016;37:28-34.

41. Park H, Shin S, Park MH, Kim YS, Ahn C, Ha J, et al.

Association of IL-17F gene polymorphisms with renal

transplantation outcome. Transplant Proc 2014;46:121-3.

42. Piao Z, Kim HJ, Choi JY, Hong CR, Lee JW, Kang HJ, et al.

Effect of FOXP3 polymorphism on the clinical outcomes after

allogeneic hematopoietic stem cell transplantation in pediatric acute

leukemia patients. Int Immunopharmacol 2016;31:132-9.

43. Kitagawa Y, Ohkura N, Sakaguchi S. Epigenetic control of thymic

Treg-cell development. Eur J Immunol 2015;45:11-6.

44. Ohkura N, Hamaguchi M, Morikawa H, Sugimura K, Tanaka A,

Ito Y, et al. T cell receptor stimulation-induced epigenetic

changes and Foxp3 expression are independent and complementary

events required for Treg cell development. Immunity

2012;37:785-99.

45. Schmidl C, Klug M, Boeld TJ, Andreesen R, Hoffmann P, Edinger

M, et al. Lineage-specific DNA methylation in T cells correlates



53

with histone methylation and enhancer activity. Genome Res

2009;19:1165-74.

46. Polansky JK, Schreiber L, Thelemann C, Ludwig L, Kruger M,

Baumgrass R, et al. Methylation matters: binding of Ets-1 to the

demethylated Foxp3 gene contributes to the stabilization of Foxp3

expression in regulatory T cells. J Mol Med (Berl)

2010;88:1029-40.

47. Brown K, Sacks SH, Wong W. Tertiary lymphoid organs in renal

allografts can be associated with donor-specific tolerance rather

than rejection. Eur J Immunol 2011;41:89-96.

48. Miyajima M, Chase CM, Alessandrini A, Farkash EA, Della Pelle

P, Benichou G, et al. Early acceptance of renal allografts in mice

is dependent on foxp3(+) cells. Am J Pathol 2011;178:1635-45.

49. Madariaga ML, Michel SG, La Muraglia GM, 2nd, Sekijima M,

Villani V, Leonard DA, et al. Kidney-induced cardiac allograft

tolerance in miniature swine is dependent on MHC-matching of

donor cardiac and renal parenchyma. Am J Transplant

2015;15:1580-90.

50. Alessandrini A, Turka LA. FOXP3-Positive Regulatory T Cells

and Kidney Allograft Tolerance. Am J Kidney Dis. 2017;69:667-74.

51. Xu X, Han Y, Wang Q, Cai M, Qian Y, Wang X, et al.

Characterisation of Tertiary Lymphoid Organs in Explanted

Rejected Donor Kidneys. Immunol Invest 2016;45:38-51.

52. Narres M, Claessen H, Droste S, Kvitkina T, Koch M, Kuss O, et

al. The Incidence of End-Stage Renal Disease in the Diabetic



54

(Compared to the Non-Diabetic) Population: A Systematic Review.

PLoS One 2016;11:e0147329.

53. Lin WH, Li CY, Wang WM, Yang DC, Kuo TH, Wang MC.

Incidence of end stage renal disease among type 1 diabetes: a

nationwide cohort study in Taiwan. Medicine (Baltimore)

2014;93:e274.

54. Kim YH. Asan Medical Center Kidney Transplant Symposium to

Celebrate the 4000th Case; Asan Medical Center, Seoul, South

Korea 2015.

55. Boucek P, Saudek F, Pokorna E, Vitko S, Adamec M, Koznarova

R, et al. Kidney transplantation in type 2 diabetic patients: a

comparison with matched non-diabetic subjects. Nephrol Dial

Transplant 2002;17:1678-83.



55

국문 초록

서론: FoxP3은 동종이식편 관용유도에 중요한 조절T세포의 가장 신뢰

할 수 있는 표지자이다. FoxP3 유전자다형성이 신이식의 이식편생존과

연관되었다는 보고가 있어 이를 확인하고자 한다.

방법: 1996년부터 2004년까지 서울대학교병원에서 신이식을 시행한 성

인 환자 231례를 대상으로 4부위의 FoxP3 유전자다형성 (rs3761548

A/C, rs2280883C/T, rs5902434del/ATT, rs2232365A/G)을 염기서열특이

시발체를 이용한 중합효소연쇄반응(polymerase chain reaction with

sequence specific primers, PCR-SSP)를 이용하여 분석하였다.

결과: rs2280883 TT 유전형을 가진 환자들은 CC 혹은 CT 유전형을

가진 환자들에 비하여 유의하게 낮은 급성거부반응 발생을 보였다

(26.9% vs 53.3%, P = 0.038). rs3761548CC 유전형을 가진 환자들은

AC 혹은 AA 유전형을 가진 환자들에 비해 우수한 이식편생존을 나타

냈다(log rank test, P = 0.03). rs2280883 TT 유전형을 가진 환자들은

CC 혹은 CT 유전형을 가진 환자들에 비하여 우수한 이식편생존을 나

타냈다(P = 0.02). rs3761548CC 유전형을 가진 환자들은 AC 혹은 AA

유전형을 가진 환자들에 비해 낮은 원(原)사구체질환 재발율을 나타냈

다(P = 0.01).

결론: 한국인에서 FoxP3 유전자의 rs3761548 CC 유전자형과

rs2280883 TT 유전자형은 신이식의 우수한 임상성적과 상관관계가 있

었다.

………………………………………………………………………

주요어 : FoxP3, 단일염기다형성, 신이식, 이식편생존

학  번 : 2013-30544
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