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Abstract

This study was performed to examine whether the AF4/FMR2 family, member 1 (AFF1) rs340630 polymorphism is involved in
the genetic background of rheumatoid arthritis (RA) in a Chinese population. Two different study groups of RA patients and
controls (328 RA patients and 449 healthy controls in the first study group; 232 RA patients and 313 controls in the second study
group) were included in our study. Overall, there was no significant difference in either genotype (P=0.71 and 0.64 in the first
and second study group, respectively) nor allele (in the first study group: A vs G, P=0.65, OR=1.05, 95%CI=0.85–1.29; in the
second study group: G vs A, P=0.47, OR=1.10, 95%CI=0.86–1.40) frequencies of AFF1 rs340630 polymorphism between
RA patients and controls. Our study represents the first report assessing the association of AFF1 rs340630 polymorphism with
RA risk. No significant evidence was found for the dominant or recessive models. Further case-control studies with larger
sample sizes and fine-mapping studies are needed to clarify the role of AFF1 in the genetic basis of RA.

Key words: Rheumatoid arthritis; AFF1; Polymorphism; Chinese

Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune
disease characterized by persistent synovitis, systemic
inflammation, and the presence of autoantibodies. If the
optimal therapeutic opportunity is missed, cartilage and
bone damage as well as disability would ensue (1). As
a multifactorial disease, both genetic and environmental
factors have been implicated in the onset and progression
of RA, and the heritability of RA has been estimated to
fall into the range of 40B60% (2). During the past decade,
due to the success of genome-wide association studies
(GWASs) and large-scale candidate gene studies, a large
number of loci/genes susceptible to RA have been dis-
covered and confirmed. However, all these known genetic
risk factors could only account for a small fraction of the
heritability of RA (3), indicating that a variety of susceptible
genes associated with RA have to be discovered.

Systemic lupus erythematosus (SLE) is another proto-
typical autoimmune disease, characterized by the produc-
tion of a wide range of autoantibodies against self-components
of the cell nucleus and multiple organ involvement (4).

Several similar clinical manifestations such as arthritis and
auto-antibody production have been noted between RA
and SLE, and their co-existence and familial aggregation
have been documented in epidemiological studies (5–7).
This suggests that genetic risk factors might be shared
between RA and SLE, as seen in the recent meta-analyses
and investigations in which susceptible genes associated
with one are replicated in the other (8). To date, many
susceptible genes, such as HLA-DRB1, PTPN22, STAT4,
TNFAIP3, FCGR2A, and IRF5 have been detected to be
shared between RA and SLE (9,10). Thus, the strategy
of replicating associations of RA with polymorphisms sig-
nificantly associated with SLE might provide new insights
for identifying polymorphisms involved in the genetic back-
ground of RA.

Recently, GWAS and multi-staged replication studies
integrating quantitative trait loci expression performed in
Japanese populations have identified a single-nucleotide
polymorphism (SNP), rs340630, within the AF4/FMR2
family, member 1 (AFF1) associated with SLE at genome-wide
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significance level (11). Notably, another polymorphism,
rs10865035, located in the promoter region of AF4/FMR2
family, member 3 (AFF3), which also belongs to the AFF
gene family, was found to be significantly associated with
RA (12). Subsequently, the genetic association of AFF3
with RA has been replicated in several studies (13–15)
and RA GWAS meta-analyses (16,17). Because of the
shared genetic background of SLE and RA, the associa-
tion between AFF3 rs10865035 polymorphism and SLE
genetic predisposition has been replicated in a Chinese
population (18). It is this successful replication and because
AFF1 and AFF3 belong to the same gene family that AFF1
makes a good candidate for RA. However, to the best of
our knowledge no study has been reported regarding this
relationship. Thus, the aim of our study was to assess
whether the AFF1 rs340630 polymorphism is implicated in
the genetic background of RA in Chinese populations.

Material and Methods

Patients and controls
Two different study groups of RA patients and healthy

controls were included in the present study.
The first study group consisted of 328 RA patients

(51 males and 277 females, mean±SD age 53.77±11.99
years) and 449 healthy control subjects (281 males
and 168 females, mean±SD age 51.10±15.47 years).
Patients with RA were in- or outpatients enrolled in
the Department of Rheumatology, Ningbo First Hospital.
The healthy controls were from the physical examination
center of the same hospital, and individuals with any signs
or symptoms of autoimmune diseases were excluded.
All patients were diagnosed according to the American
College of Rheumatology 1987 revised criteria for the
classification of RA (19) or the 2010 RA classification
criteria (20). This study was reviewed and approved by the
Ethics Committee of Ningbo University, and informed
consent was obtained from all participants.

The second study group included 232 unrelated patients
having RA (187 females and 45 males, mean±SD age
48.69±14.18 years), who were consecutively recruited
from Liu’an People’s Hospital. All patients met the American
College of Rheumatology 1987 revised criteria for the
classification of RA (19). The control group was com-
prised of 313 ethnically-matched patients (116 females
and 197 males, mean±SD age 47.02±16.34 years) admitted
to the same hospital due to the treatment of trauma, and
all of them were without any symptoms or signs of auto-
immune diseases. This study was reviewed and approved
by the Ethics Committee of Liu’an People’s hospital, and
informed consent was obtained from all subjects.

All procedures performed in studies involving human
participants were in accordance with the ethical standards
of the institutional and/or national research committee,
and with the 1964 Helsinki Declaration and its later amend-
ments or comparable ethical standards.

DNA extraction and SNP genotyping
EDTA anti-coagulated venous blood samples were

collected from all participants. In the first case-control
study, genomic DNA was extracted from peripheral blood
lymphocytes using an automatic nucleotide acid extraction
instrument in accordance with the standard procedures
of the corresponding DNA extraction kit (Tianlong, China).
In the second case-control study, genomic DNA was
extracted from peripheral blood lymphocytes according
to the standard procedures of the Flexi Genes DNA Kit
(Qiagen, USA). The genotype of AFF1 rs340630 poly-
morphism in the first study group was determined by
Shanghai Biowing Applied Biotechnology Co. Ltd. (www.
biowing.com.cn), applying the ligase detection reaction-
polymerase chain reaction (LDR-PCR) technology, and
the same polymorphism of participants in the second
study group was detected by Shanghai Genesky Bio-Tech
Co, Ltd (www.geneskybiotech.com) using the SNaPshot
Assay.

Statistical analysis
Hardy-Weinberg equilibrium (HWE) of the AFF1 rs340630

polymorphism genotype distribution among the control group
was assessed using the chi-square goodness of fit test. The
chi-square test was used to compare the allele frequencies
between RA patients and controls. The difference in genotype
frequencies between them and the associations of RA
with the risk allele of the AFF1 rs340630 polymorphism
under different genetic models (dominant and recessive
models) were evaluated by logistic regression with the
adjustment of gender and/or age. All corresponding odds
ratios (ORs) and 95% confidence intervals (95%CI) were
calculated, and a statistically significant difference was
determined if a two-tailed P value was o0.05. All sta-
tistical analyses were performed by PASW Statistics 18.0
software (SPSS, Inc., USA).

Results

The genotype and allele frequencies of the AFF1
rs340630 polymorphism among two study groups are
shown in Table 1 and Table 2, respectively. The P values
for the HWE test of the AFF1 rs340630 polymorphism geno-
type distribution among the control group were 0.04 and 0.93
in the first and the second study group, respectively.

Association of AFF1 rs340630 polymorphism with the
risk of RA in the first study group

In the first study group, there was a significant dif-
ference in age distribution (P=7.07� 10� 3) and gender
composition (Po0.01) between RA patients and healthy
controls. Thus, the variation in genotype distribution
between RA cases and controls, and the associations
between RA and risk allele of the AFF1 rs340630 poly-
morphism under dominant and recessive models were
evaluated by logistic regression, with the adjustment
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of age and gender. As shown in Table 1, no significant
difference was found in either the genotype distribution of
the AFF1 rs340630 polymorphism between RA patients
and healthy controls (P=0.71), or in the allele distribution
(A vs G, P=0.65, OR=1.05, 95%CI=0.85–1.29). We also
evaluated the associations between the major allele A of
AFF1 rs340630 polymorphism and the risk of RA under
the dominant and recessive model. However, no signifi-
cant evidence was found (A/A+A/G vs G/G, P=0.50,
OR=1.17, 95%CI=0.74–1.86; A/A vs A/G+G/G, P=0.50,
OR=1.13, 95%CI=0.80–1.59).

Association of AFF1 rs340630 polymorphism with the
risk of RA in the second study group

In the second study group, we found a significant
difference in gender composition (Po0.01) between RA
patients and controls, and a non-significant difference in
age distribution (P=0.20). Thus, the variance in genotype
distribution between RA cases and controls, and the
associations of RA with the risk allele of the AFF1
rs340630 polymorphism under the dominant and reces-
sive model were evaluated by logistic regression with the
adjustment of gender. As shown in Table 2, no significant

Table 1. Genotype and allele frequencies distribution of AFF1 rs340630 polymorphism in the first cohort of
RA patients and controls.

AFF1 rs340630 RA patients (n=327) Controls (n=446) P value OR (95%CI)

Genotype
A/A 116 (35.5) 157 (35.2) 0.71
A/G 164 (50.2) 216 (48.4)

G/G 47 (14.4) 73 (16.4)
Allele
A 396 (60.6) 530 (59.4) 0.65 1.05 (0.85–1.29)
G 258 (39.4) 362 (40.6)

Dominant model
A/A+A/G 280 (85.6) 373 (83.6) 0.50 1.17 (0.74–1.86)
G/G 47 (14.4) 73 (16.4)

Recessive model
A/A 116 (35.5) 157 (35.2) 0.50 1.13 (0.80–1.59)
A/G+G/G 211 (64.5) 289 (64.8)

Data are reported as n (%). RA: rheumatoid arthritis; OR: odds ratio; CI: confidence interval. Regarding
genotype comparison and associations under the genetic models (dominant model and recessive model),
the P values and corresponding ORs (95%CI) were calculated with adjustment for age and gender.

Table 2. Genotype and allele frequencies distribution of AFF1 rs340630 polymorphism in the second
cohort of RA patients and controls.

AFF1 rs340630 RA patients (n =232) Controls (n=313) P value OR (95%CI)

Genotype
G/G 42 (18.1) 42 (13.4) 0.64

A/G 113 (48.7) 168 (53.7)
A/A 77 (33.2) 103 (32.9)

Allele
G 197 (42.5) 252 (40.3) 0.47 1.10 (0.86–1.40)
A 267 (57.5) 374 (59.7)

Dominant model
G/G+A/G 155 (66.8) 210 (67.1) 0.48 1.16 (0.77–1.73)
A/A 77 (33.2) 103 (32.9)

Recessive model
G/G 42 (18.1) 42 (13.4) 0.42 1.24 (0.74–2.07)
A/G+A/A 190 (81.9) 271 (86.6)

Data are reported as n (%). RA: rheumatoid arthritis; OR: odds ratio; CI: confidence interval. Regarding
genotype comparison and associations under the genetic models (dominant model and recessive model),
the P values and corresponding ORs (95%CI) were calculated with adjustment for gender.
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difference was found (P=0.64). The minor allele G was
increased in patients with RA compared to controls, but
this change did not reach statistically significant levels
(G vs A, P=0.47, OR=1.10, 95%CI=0.86–1.40). The asso-
ciations of the minor allele G of the AFF1 rs340630
polymorphism with the risk of RA under the dominant
and recessive model were also assessed, but again no
significance was detected (G/G+A/G vs A/A, P=0.48,
OR=1.16, 95%CI=0.77–1.73; G/G vs A/G+A/A, P=0.42,
OR=1.24, 95%CI=0.74–2.07).

Discussion

It has been increasingly recognized that multiple
genes might be shared by distinct autoimmune diseases
(8–10), including the genetic background of RA and SLE.
In the present study, we have adopted the strategy of
replicating the association of RA with genetic polymor-
phism within AFF1, which was previously found to be asso-
ciated with SLE in a GWAS and in multi-staged replication
studies integrating the expression of quantitative trait loci in a
Japanese population (11). However, our results revealed
that the polymorphism was not associated with RA in a
Chinese population. This might be because AFF1 is not
really involved in the genetic basis of RA, though it should be
noted that our study’s relatively low capability of detecting
mild associations may have affected the results.

The AFF gene family consists of AFF1 [also known as
ALL1-fused gene from chromosome 4 (AF4)], AFF2 [also
known as fragile X mental retardation 2 (FMR2)], AFF3
[also known as lymphoid nuclear protein related to AF4
(LAF4)], and AFF4 [also known as ALL1-fused gene from
5q31 (AF5q31) or major CDK9 elongation factor associated-
protein (MCEF)] (21). By targeting polymorphisms showing
suggestive evidence for association with type 1 diabetes
(T1D), Barton et al. (12) identified a novel genetic poly-
morphism in AFF3 for RA. Subsequently, the association
between the genetic predisposition of AFF3 and RA has
been validated in different investigations (13–15), includ-
ing GWASs meta-analyses of RA performed in Chinese
and Europeans (16,17). Of note, in view of the potential
genetic basis shared between RA and SLE, the association
of AFF3 with genetic susceptibility to SLE was replicated in a
study conducted in a Chinese population (18).

In a GWAS and in multi-staged replication studies
carried out in a Japanese population, a new genetic asso-
ciation between AFF1 rs340630 polymorphism and genetic
predisposition to SLE with genome-wide significance level

was identified (11). Additionally, the risk allele of AFF1
rs340630 polymorphism was found to be associated with the
increase in transcript levels of AFF1, indicating this poly-
morphism is functional (11). AFF1 was first identified as
a fusion partner with myeloid/lymphoid, or mixed-lineage
leukemia (MLL) in an acute lymphoblastic leukemia (ALL)
patient (22), being predominantly expressed in a lymphocyte
system (23,24). The essential role of AFF1 in the develop-
ment of lymphocytes was originally elucidated by AFF1-null
mice (25). In the report by Okada et al. (11), the tissue
distribution of AFF1 has also been investigated, and their
results revealed that AFF1 transcripts were prominently
expressed in CD4+ and CD19+ peripheral blood lympho-
cytes. Taken together, these observations indicate that AFF1
is implicated in the development of lymphocytes, and its
altered expression, caused by allele substitution, might
contribute to the development of autoimmune diseases (26).
Based on the above-mentioned background, our study was
inspired by these facts: the shared genetic architecture of
RA and SLE (8–10); AFF1 and AFF3 belonging to the same
genetic family (21); the success of replicating the associa-
tion of AFF3 with SLE by targeting polymorphism related
to RA (18); and the potential biological function of AFF1 in
lymphocyte development (11,23–25). Nevertheless, we did
not find any significant association signal in our two different
study groups.

Notably, replication studies conducted in Chinese (18)
and Iranian (27) populations did not find significant evi-
dence for the association of AFF1 rs340630 polymorphism
with SLE. This might be due to the smaller sample sizes or
the different linkage disequilibrium patterns across different
populations. Thus, further investigation is needed.

In conclusion, our study represents the first report
examining the association of AFF1 rs340630 polymor-
phism with genetic susceptibility to RA in a Chinese
population, and no significant evidence was found. Further
independent case-control studies with lager sample sizes
in different ethnic populations and fine-mapping studies
are needed to clarify the role of AFF1 in the genetic
basis of RA.
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