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Abstract Autoreactive cytotoxic T cells play a key role in
the pathogenesis of aplastic anemia (AA) by myelosuppres-
sive cytokines including interferon-gamma, tumor necrosis
factor alpha, and transforming growth factor beta. The
purpose of this study is to determine which single nucleotide
polymorphisms (SNPs) in cytokine genes were relevant to
AA risk and whether the relevant SNPs were associated with
response to immunosuppressive therapy (IST). Among 84
screened patients, 80 patients confirmed as having acquired
AA, and 84 age- and sex-matched healthy controls were
analyzed consecutively. We genotyped ten polymorphisms
in three cytokine genes (/FNG, TNF, and TGFBI) and FAS
gene. We assessed the association between polymorphisms
and AA risk, and the association between polymorphisms
and response to IST in three genetic models (dominant,
recessive, and additive). The IFNG —2,353 T allele
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(dominant model, OR=0.43, p=.012) and TCA haplotype
(dominant model, OR=0.50, p=.038) were significantly
associated with the development of AA. In addition, this
relevant /FNG —2,353 T allele and TCA haplotype were
related to the response of IST (dominant model, OR=0.076,
p=.034). Concerning TGFBI1, although its polymorphisms
are not related to AA susceptibility, PIOL T allele (recessive
model, OR=0.18, p=.038) and CT haplotype (dominant
model, OR=5.68, p=.038) were associated with response
to IST. This exploratory study concurred with prior studies
indicating that polymorphisms in /FNG are related to AA
susceptibility. In addition, it was found that polymorphisms
in IFNG and TGFBI are associated with response to IST.
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Introduction

Immunosuppressive therapy (IST) is one of the main
treatment modalities for acquired aplastic anemia (AA).
Approximately 70% of AA patients improve with IST
consisting of antithymocyte globulin (ATG) and cyclosporine,
and this response rate supports the immunogenic pathophys-
iology of AA [1-4]. Recent studies suggested that autor-
eactive cytotoxic T cells play a key role in the pathogenesis
of AA by myelosuppressive cytokines including interferon-
gamma (IFN-y) and tumor necrosis factor alpha [5, 6]. These
cytokines induce apoptosis in hematopoietic stem cells,
partially through the Fas-dependent pathway [7, 8]. Other
studies have demonstrated that decreased expression of
transforming growth factor beta (TGF-f3), an inhibitor of T
cells, contributes to the underlying T cell-mediated marrow
destruction in AA [9, 10].

Previous reports that discussed genetic polymorphisms of
cytokines have focused on the role of susceptibility to AA
[11-15]. These studies suggest that AA may arise in
genetically susceptible minority with rare disease-causing
variants. However, establishing whether these genotyped
single nucleotide polymorphisms (SNPs) are functionally
relevant to causality is challenging. If the genetic poly-
morphisms of cytokines showed significant association with
the risk of susceptibility to AA and the rate of response, it
would support the immunogenic association of causality.

In this study, we conducted an analysis to determine which
SNPs in cytokine genes were relevant to AA risk and whether
the relevant SNPs were associated with response to IST.

Patients and methods

Among 84 screened patients, 80 patients were confirmed as
having acquired AA at Seoul National University Hospital
and were analyzed consecutively in this study. Four patients
were excluded; one was diagnosed with hypoplastic
myelodysplastic syndrome, and the others were suspicious
for early stage AA but recovered spontaneously soon after
diagnosis. DNA collection was performed between January
2000 and December 2008. All samples were treated
anonymously. The control group was composed of 84
unrelated healthy Korean subjects matched for age and sex
with no history of autoimmune or hematologic disease.
The diagnosis of AA was based on bone marrow biopsy and
peripheral blood cell counts according to the criteria of the
International Aplastic Anemia Agranulocytosis Study Group
[16]. Severe AA was defined as a bone marrow cellularity of
less than 30% and severe pancytopenia with at least two of
the following peripheral blood count criteria: (1) absolute
neutrophil count (ANC) <0.5 x 10?/L; (2) absolute reticulocyte
count (ARC) <20x10%/L; and (3) platelet count <20x 10°/L
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[17]. Patients fulfilling the criteria for severe AA and having
ANCs <0.2x10°/L were classified as very severe AA [18].
The eligibility for IST with the combination of horse ATG
(h-ATG) and cyclosporine included patients with non-severe
AA who were transfusion-dependent, patients with non-
severe AA who had significant neutropenia, and patients
with severe or very severe AA who were not eligible for
stem cell transplantation. The hematologic response at 3 and
6 months following initial ATG was adopted from the criteria
for response, which is summarized in Table 1. Responses
were confirmed by two or more blood counts at least 4 weeks
apart [19]. Patient characteristics considered relevant to the
response to IST were age, sex, severity of AA, absolute
lymphocyte count (ALC), ARC, and platelet count [20].
The study was performed according to the Declaration of
Helsinki guidelines for biomedical research and was
approved by the Institutional Review Board of Seoul
National University Hospital (IRB No: H-0811-012-261).

Genetic polymorphisms

We selected three cytokine genes (IFNG, TNF, and TGFBI1)
and FAS, which are known to be involved in T cell-
mediated marrow destruction. In these four genes, we chose
ten polymorphisms based on allelic frequency higher than
0.05 in Asians and the assumption of clinical relevance
from previously reported associations. Methods for geno-
typing assay are provided in the Electronic supplementary
material. Imputation of missing genotype was not applied.
We estimated individual haplotypes of the three cytokine
genes by using the expectation maximization algorithm
(PHASE program, ver.2.0.2).

Data analysis

To assess the association between polymorphisms and risk
of AA, we calculated statistical differences in allele,
genotype, and haplotype distributions between patients
and healthy controls by using the Chi-square test in three
genetic models (dominant, recessive, and additive). In the
analysis of haplotypes of interest, two frequent haplotypes
of each gene were included, and others were grouped
together. To examine whether each SNP site was in Hardy—
Weinberg equilibrium (HWE), the distributions of observed
genotype frequency and expected genotype frequency were
compared using the Chi-square test (p>0.05).

To analyze the association between polymorphisms and
response to IST, we used multivariate logistic regression
analyses of three genetic models. We used dichotomous
outcomes defined as response (complete or partial) or non-
response. Patients who did not complete 3 or 6 months of
initial IST due to stem cell transplantation or who required
a second round of IST were considered as non-responders.
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Table 1 Criteria for response to IST in AA

Response Severe AA Non-severe AA
None Still severe Worse or not meeting criteria below
Partial Transfusion independent; no longer meeting Transfusion independence (if previously dependent) or doubling or
criteria for severe disease normalization of at least one cell line or increase of baseline
hemoglobin of >3 g/dL (if initially <6), neutrophils of >0.5x10°/L
(if initially <0.5), platelets of >20x 10°/L (if initially <20)
Complete Hemoglobin normal for age Same criteria as for severe disease

Neutrophils >1.5% 10°/L
Platelets >150x10°/L

All response outcomes in the multivariate analysis were
adjusted for age, gender, severity, ALC, and ARC.

All statistical analyses were performed using the Stata
Software, version 11 (Stata Corp, College Station, TX,
USA). Statistical results with p values less than 0.05 were
regarded as significant. Because this study was exploratory,
the adjustment for multiple comparisons was not applied.

Results
Patients

The baseline characteristics of the AA patients and the
controls are shown in Table 2. Of the total 80 AA patients,

there were 44 (55%) who had received the h-ATG-based IST.
At 3 and 6 months following IST, 43 patients were evaluable
for response, and one patient was lost to follow-up. Among
the 43 evaluable patients, 24 (56%) showed response to IST
at 3 months. Five additional patients (12%) who had not
responded at 3 months showed response at 6 months (Fig. 1).
The genotype frequencies of ten SNPs in four genes were in
Hardy—Weinberg equilibrium in patients and controls.

The association between cytokine polymorphisms
and the risk of AA

In this study, association with AA susceptibility was
assessed for ten SNPs in IFNG, TNF, TGFBI, and FAS
and their frequent haplotypes (Table 3). Among them, one

Table 2 Baseline characteristics

of patients and controls Characteristic

Patients (n=80 (%)) Control (n=84 (%))

No. % No. %

Median age (years)
25-751Q
Sex
Male
Female
Etiology
Idiopathic
Pregnancy
Severity
Non-severe
Severe
Very severe
Baseline hematology (x10°/L)
Median ANC
25-751Q
Median ALC
25-751Q
Median ARC
25-75 1Q
Median platelet count
25-75 1Q

25-75 10 25-75% interquartile

range, ANC absolute neutrophil

count, ALC absolute lymphocyte
count, ARC absolute reticulocyte
count

38 37
26-49 26-49

41 51 44 52
39 49 40 48

77 96

48 60
25 31

0.79
0.45-1.11
1.36
0.96-1.92
40
24.1-49.4
17.5
10.0-31.5
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Aplastic anemia patients
N=80

Other treatments, n=36 (45%)
Oxymetholone: 12 (33%)
HSCT: 8 (22%)

»| Cyclosporin: 3 (8%)

Not treated: 8 (22%)
Transfer: 3 (8%)

Unknown: 2 (6%)

Y

Immunosuppressive therapy
n=44 (55%)

| Loss to follow-up, n=1 |

\ A4

Response at 3 months
None: 19 (44%)
Partial: 24 (56%)
Complete: 0 (0%)

Response at 6 months
None: 14 (33%)
Partial: 29 (67%)
Complete: 0 (0%)

Fig. 1 Outcomes in management of AA. HSCT hematopoietic stem
cell transplantation

SNP and one haplotype in IFNG were significantly
associated with the development of AA (IFNG —2,353 A/
T); the presence of the minor T allele in the dominant
model was protective and related to a 2.3-fold reduction in
the risk for AA (p=0.012), and the presence of the IFNG
TCA haplotype was related to a 2-fold reduced risk for AA
(»=0.038). In terms of other SNPs and haplotypes, they did
not show significant associations with the risk of AA.

The association between cytokine polymorphisms
and response to IST

The results of the multivariate logistic regression analysis
for the response to IST at 3 and 6 months according to
genetic polymorphisms are summarized in Table 4. In terms
of two SNPs in TGFBI1, TGFBI1 P10L T/C was significantly
related; the T allele (recessive model) was related to a 4.3-
fold reduced response to IST at 3 months (p=0.038). The
response was related to the TGFBI haplotype; the presence

Table 3 Association of ten polymorphisms in /FNG, TNF, TGFBI, and FAS with AA

Polymorphisms rs number Location Genotype

Patients” Controls® Dominant Recessive Additive
11 12 22 11 12 22 OR(95%CI) p OR (95%CI) p  OR(95%CI)  p

IFNG gene

—2,353 A/T 157139169 Promoter 37 29 12 23 48 11 0.43 (0.22-0.85) .012* 1.17 (0.48-2.84) .72  0.68 (0.43-1.09) .11

—1,616 C/T rs2069705 Promoter 58 16 4 56 24 3 0.72 (0.36-1.42) .34 1.44 (0.31-6.66) .64 0.84 (0.48-1.47) .54

+874 A/T 152430561 Intron1 61 15 3 66 17 0 1.15(0.54-242) .72 NC NC NC NC

Haplotype ACA 20 34 21 12 42 28 1.33(0.68-2.63) .41 2.12 (0.95-4.71) .065 1.44 (0.92-2.25) .11

Haplotype TCA 12 28 35 11 46 25 0.50(0.26-0.96) .038* 1.23 (0.51-2.98) .65 0.75 (0.47-1.19) .22
TNF gene

—1,037 C/T rs1799724 Promoter 54 22 2 66 15 2 1.73(0.84-3.54) .14 1.07 (0.15-7.76) 95 1.52 (0.81-2.86) .19

—1,031 T/C 151799964 Promoter 50 27 1 50 29 5 0.82(0.44-1.55) .55 0.21 (0.02-1.80) .15 0.75(0.43-1.30) .3

—863 C/A 151800630 Promoter 52 25 1 56 24 4 1.00(0.52-1.92) 1 0.26 (0.03-2.38) .23 0.89 (0.50-1.57) .68

—308 G/A rs1800629 Promoter 71 8 1 76 8 0 1.20(0.44-3.29) .72 NC NC 1.31 (0.52-3.33) .57

Haplotype CTCG 22 42 11 31 39 13 1.08 (0.45-2.58) .86 0.70 (0.36-1.36) .29  0.86 (0.54-1.36) .51

Haplotype CCAG 1 23 51 4 23 56 098 (0.50-1.90) .94  0.27(0.03-2.44) 24  0.64 (0.49-1.56) .64
TGFBI gene

=590 C/T rs1800469 Promoter 22 32 22 19 47 17 0.74 (0.36-1.49) .39 1.57 (0.76-3.22) .22 1.05 (0.68-1.62) .83

P10L C/T rs1800470 Exonl 23 31 22 17 46 20 0.59(0.29-1.22) .16 1.28 (0.63-2.60) .49  0.91 (0.59-1.40) .67

Haplotype CT 22 31 23 17 46 20 0.73 (0.36-148) 38  1.58 (0.76-3.28) .22  1.05 (0.68-1.61) .84

Haplotype TC 21 32 23 19 47 17 0.59(0.29-1.22) .16 1.29 (0.63-2.64) .49  0.90 (0.58-1.40) .66
FAS gene

—670 A/G 151800682 Promoter 25 41 11 24 46 10 0.89 (0.45-1.75) .74 1.17 (0.46-2.93) .74  0.98 (0.60-1.60) .95

Major alleles are referred to as allele 1, and minor alleles as allele 2.

are referred to as allele 2

OR odds ratio, CI confidence interval, NC not calculated

*P value <.05 is regarded as significant

#Missing genotypes for each polymorphism were not included
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In case of haplotype, relevant haplotypes are referred to as allele 1 and others
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Table 4 Factors relevant to response to IST

Factor

Corrected for patient characteristics®

Uncorrected data

Genotype

OR (95% CI) ) OR (95% CI) )

Response at 3 months after IST (n=43)
Age
Sex (male vs female)
Severity (severe vs non-severe)
TGFBI P10L C/T
TGFBI haplotype®

Response at 6-month after IST (n=43)
Age

TT vs CT+CC

Sex (male vs female)

Severity (severe vs non-severe)
IFNG -2,353 A/T

IFNG haplotype®

TGFBI haplotype®

TT+AT vs AA

CT-CT+CT-other vs other—other

TCA-TCA+TCA—other vs other—other
TC-TC vs TC—other+other—other

1.00 (0.96-1.05) 84
1.13 (0.26-4.84) 87
1.03 (0.23-4.53) 097
0.18 (0.03-0.90) 038*
568 (1.11-29.15)  .038*

1.02 (0.98-1.06) 46
1.26 (0.37-4.23) 71
1.63 (0.48-5.47) 43
0.23 (0.06-0.95) 043*
428 (1.05-17.42)  .043*

1.00 (0.95-1.05) 91
0.38 (0.072-2.01) .25
2.53 (0.47-13.62) 28
0.076 (0.007-0.82) .034%*
0.076 (0.007-0.82) .034%*
0.22 (0.05-0.90) .036%*

1.02 (0.97-1.06) 45
0.60 (0.16-2.21) 44
2.22 (0.59-8.26) 24
0.40 (0.10-1.56) .19
0.40 (0.10-1.56) 19
0.19 (0.03-1.09) 063

Dominant and recessive models are indicated with (vs) between the two groups of genotypes

OR odds ratio, CI confidence interval

*P value <.05 is regarded as significant

 All response outcomes in the corrected analysis are corrected for age, gender, severity, absolute lymphocyte count (ALC), and absolute reticulocyte count

(ARC)
® TGFB —590 C/T and P10L C/T (description haplotypes)
¢IFNG —2,353 A/T, —1,616 C/T, and +874 A/T (description haplotypes)

of the CT haplotype (dominant model) was favorable to
IST and was related to a 5.7-fold higher response at
3 months compared with the response in patients without
the CT haplotype (p=0.038).

The IFNG —2,353 minor T allele was shown to induce
resistance to IST; the presence of the T allele and TCA
haplotype in /FNG (dominant model) was related to a 13.2-
fold reduced hematologic response at 6 months following
initial IST (P=0.034). The TC haplotype homozygote in
TGFBI (recessive model) was related to a 4.6-fold reduced
response to IST at 6 months (P=.036). However, four SNPs
and two haplotypes in TNF' did not show any significant
associations with response at 3 and 6 months.

Discussion

Our study reports that the genetic polymorphisms of IFNG
are associated with susceptibility to the development of AA
and furthermore are associated with hematologic response
to initial IST. Concerning TGFBI, although its polymor-
phisms are not related to AA susceptibility, they are
associated with response to IST.

These findings are consistent with previous functional
implications of increased /FNG expression during the
pathogenesis of AA [5, 6, 21]. Additionally, the finding

that AA patients with intracellular IFN-y expression in
peripheral lymphocytes showed almost 3-fold higher
response to IST than patients without IFN-y—expressing
lymphocytes (p<0.0001) supports the immunogenic asso-
ciation of responsiveness [6]. In terms of relationships
between genetic polymorphisms and AA susceptibility, a
polymorphic CA microsatellite marker in the first intron
and its related SNP (IFNG +874 A/T) have demonstrated
effects on AA susceptibility [11, 12]. Furthermore, these
polymorphisms were found to be associated with the level
of IFN-y production [22, 23].

However, although several studies reported that 7NF
—308 G/A was significantly related to AA susceptibility
[12, 13] and therapeutic response to IST [14], candidate
SNPs in our study did not show any association with AA
susceptibility or response to IST. Regarding TGF-f3, the
functionality of polymorphisms in 7GFBI has rarely been
reported [24]. However, the significant relationship be-
tween TGFBI polymorphisms and therapeutic response to
IST in our study suggests their late effects on marrow
suppression.

To our knowledge, this is the first study to identify that
genetic variants of key cytokines responsible for AA are
involved in both disease susceptibility and clinical response
in consecutive analyses. Moreover, the polymorphisms
(IFNG —2,353 A/T, TGFBI P10L T/C) in our study were
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firstly reported regarding their roles in AA. The possibility
of spurious associations was minimized through the
selection of matched control and adjustment for potential
confounders [20].

In addition, our results may help explain the variability
of response to IST in AA. Prediction of responsiveness to
IST based on pathophysiology would be useful in the
clinical setting. Patients with a high probability of response
might be treated first with IST rather than conventional
marrow transplantation, which may reduce the significant
morbidity and mortality of this disease.

From this study, however, we cannot conclude whether
the genetic variants of cytokines can be used as risk factors
or predictive markers of AA. Our significantly associated
polymorphisms, I/FNG —2,353 A/T and TGFBI P10L T/C,
have not been investigated for their effects on /FNG and
TGFBI expression, respectively, and our study used a
retrospective design with a small number of patients in
Asian population. Moreover, though the associated poly-
morphisms in this study are frequent in Caucasian
population, the observed relationship has not been investi-
gated in other populations.

In conclusion, this exploratory study concurred with
prior studies indicating that polymorphisms in /FNG are
related to AA susceptibility. In addition, it was found that
polymorphisms in /FNG and TGFBI are associated with
response to IST. Further studies in other population by a
larger prospective design are needed to better elucidate the
determinants of risk of AA and responsiveness to IST.
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