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Abstract The tumor necrosis factor receptor-associated fac-
tor 6 (TRAF6) gene encodes a protein that acts downstream of
the Toll-like receptor (TLR) pathway. TLRs activate inflam-
matory cascades and mediate inflammatory injury after cere-
bral ischemia. However, the role of TFAR6 gene polymor-
phisms in ischemic stroke (IS) remains unknown. This study
aims to investigate the associations of TRAF6 gene polymor-
phisms with susceptibility to IS and IS-related quantitative
traits in Southern Chinese Han population. A total of 816 IS
cases and 816 age- and gender-matched controls were includ-
ed. Two variants of the TRAF6 gene (rs5030411 and
rs5030416) were genotyped using the Sequenom
MassARRAY iPLEX platform. Our study showed that
rs5030416 was significantly associated with increased suscep-
tibility to IS in the additive model [ORadj 1.25(1.04–1.51),
Padj =0.019, PBc=0.038] and dominant model [ORadj

1.23(1.04–1.60), Padj=0.021, PBc=0.042] after adjusting by
age and sex and applying a Bonferroni correction. No signif-
icant association was found between rs5030411 and IS sus-
ceptibility (all P>0.05). The haplotype rs5030416 (allele C)-
rs5030411 (allele C) was significantly associated with IS sus-
ceptibility (Padj=0.015). Moreover, a significant association

of rs5030411 with TC levels in IS patients under the additive
model [β 0.16(0.01–0.30), Padj=0.034] and recessive model
[β 0.45(0.12–0.78), Padj=0.007] was observed after adjust-
ment by age and sex. This association remained statistically
significant under the recessive model (PBc=0.042) after
Bonferroni correction. Our results suggest that TRAF6 gene
polymorphisms may be involved in the pathogenesis of IS.
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Introduction

Stroke is one of the leading causes of premature death and
disability-adjusted life years (DALY) worldwide (Bonita
1992; Lozano et al. 2012; Murray et al. 2012). In China, the
annual incidence of stroke is over 2.5 million, and the number
of stroke survivors who need long-term, costly care is seven
million (Xue et al. 2009). The burden of stroke becomes more
serious with the growing age of the world’s population, sig-
nificantly affecting the economy and social stability, especial-
ly in Asian counties (Kim 2014). Stroke represents a complex
clinical syndrome caused by the disruption of focal cerebral
blood supply (Markus 2011). Approximately 20 % of strokes
are hemorrhagic, while 80% are ischemic (Feigin et al. 2003),
mainly attributed to cerebral arterial occlusion resulting from
atherosclerosis (Humphries and Morgan 2004). Ischemic
stroke can lead to tissue hypoxia and metabolic disorders fol-
lowing irreversible brain damage (Dirnagl et al. 1999).

Many conventional risk factors contribute to stroke, such as
hypertension, obesity, atrial fibrillation, diabetes, dyslipid-
emia, and smoking (Dichgans 2007). However, these factors
cannot fully explain all stroke risks (Sacco et al. 1989). Twin
studies and family history studies suggest an important role
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for genetic predisposition in stroke pathogenesis (Sacco et al.
1989; Brass et al. 1992; Bak et al. 2002; Jerrard-Dunne et al.
2003). Previous linkage studies and candidate gene associa-
tion studies have found potential susceptibility chromosomal
regions and genetic loci for stroke. A genome-wide associa-
tion study (GWAS) is an important strategy for uncovering the
genetic mechanisms of complex human diseases. Various ge-
netic variants associated with neurological disorders, such as
Alzheimer’s disease (Cruchaga et al. 2013) and Parkinson’s
disease (Hill-Burns et al. 2014), have been successfully iden-
tified through this method. Currently, GWAS on stroke is rel-
atively less common (http://www.ebi.ac.uk/gwas/), and no
GWAS on stroke have been carried out in the Chinese
population. Therefore, candidate gene studies are still
important, and corresponding genes involved in the
etiological hypothesis of stroke are noteworthy. It is
necessary to identify susceptibility gene variants to further
clarify the genetic mechanisms responsible for stroke.

The tumor necrosis factor receptor-associated factor 6
(TRAF6) gene is located on chromosome 11p12 (Namjou
et al. 2012). The protein encoded by the TRAF6 gene is a
63 kDa molecule from the tumor necrosis factor receptor-
associated factors (TRAFs) superfamily (Cao et al. 1996;
Ishida et al. 1996), which consists of cytoplasmic adapter pro-
teins that can recognize various pro-inflammatory cytokines
[e.g., CD40L, tumor necrosis factor-α (TNF-α), interleukin-
1β]. TRAF6 has important functions in regulating the devel-
opment of some tissues, such as the central nervous system
and lymph nodes, as well as various physiological processes
including bone metabolism, innate immunity, and adaptive
immunity (Bradley and Pober 2001). Unlike the other family
members that are involved only in signal transduction from
the tumor necrosis factor receptor (TNFR) superfamily,
TRAF6 can also meditate signaling from the interleukin-1
(IL-1R)/Toll-like receptor (TLR) superfamily (Wu and Arron
2003). TLR family members, except for TLR3, signal through
the myeloid differentiation factor 88 (MyD88)-dependent
pathway (Wang et al. 2011), while TRAF6 is a crucial mole-
cule in the MyD88-dependent pathway. When the Toll/IL-1R
(TIR) domain interacts with the adaptor protein MyD88,
TRAF6 is recruited along with IL-1R-associated kinase 1
(IRAK1) and IL-1R-associated kinase 4 (IRAK4), leading to
translocation of transcription factor nuclear factor κB
(NF-κB) and production of pro-inflammatory cytokines
(Akira and Takeda 2004; Moghimpour Bijani et al. 2012).
TLRs activate inflammatory cascades and mediate inflamma-
tory injury in cerebral ischemia (Caso et al. 2007; Wang et al.
2011). Therefore, the crucial role of TRAF6 in the TLR down-
stream pathway may suggest its involvement in IS
development.

Miyahara et al. (Miyahara et al. 2004) showed that TRAF6
participated in the formation of neointimal lesions through an
inflammatory signaling pathway based on a rabbit carotid

arterial injury model. Wu et al. (Wu et al. 2013) reported that
the TRAF6 gene was upregulated in the peripheral blood of IS
patients, and its role in the TLR downstream pathways during
IS development was crucial. Furthermore, Yuan et al. (Yuan
et al. 2013) reported that TRAF6 mRNA expression was up-
regulated in neuronal cells, and activated TRAF6 promoted the
inflammatory process triggered by cerebral ischemia–reperfu-
sion to mediate cell apoptosis in a rat cerebral ischemia–reper-
fusion model. This evidence suggested that TRAF6 may be
involved in IS pathogenesis. However, to the best of our
knowledge, no association studies on TRAF6 single nucleo-
tide polymorphisms (SNPs) and IS susceptibility have been
reported yet. According to the HapMap database, this gene
has 13 common SNPs. Among these SNPs, rs5030411 is a
transcript variant occurring in an intron, and rs5030416 is a
sequence variant occurring in a non-coding transcript exon
(http://asia.ensembl.org/index.html). Therefore, we
performed the present study, which included 816 IS cases
and 816 controls, to investigate the associations between two
TRAF6 SNPs (rs5030411 and rs5030416) and susceptibility to
IS, as well as IS-related quantitative traits, in Southern
Chinese Han population.

Materials and Methods

Subjects

The present study was performed with prior approval from the
Medical Ethics Committees of Guangxi University of Chinese
Medicine. All subjects were declared to be unrelated Southern
Chinese Han individuals and provided written informed con-
sent. A total of 816 IS cases were recruited from inpatients
admitted to the Neurology Department at the First Affiliated
Hospital of Guangxi University of Chinese Medicine between
July 2009 and July 2014. The diagnosis of IS was determined
by two or more clinical neurologists according to the
Bdiagnosis of cerebral vascular disease^ criteria revised in
the Fourth National Academic Conference of Cerebral
Vascular Disease. All cases were confirmed with computed
tomography (CT) and/or magnetic resonance imaging
(MRI). We excluded patients with tumor, cardiogenic embo-
lism, traumatic brain injury, transient ischemic attack (TIA),
and intracranial vascular malformation. Cases complicated
with systemic disease (inflammatory disease, collagenosis,
severe cardiac dysfunction, severe hepatosis, and severe renal
disorders) or presented poor compliance were also excluded.
The control group consisted of 816 individuals matched for
gender and age, randomly recruited from healthy individuals
who attended physical examination. Orthopedic patients with-
out serious illness and neurological disease were also enrolled
in the control group. All controls were free of autoimmune
disease and history of cardio-cerebrovascular diseases and did
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not accept hormone or immunosuppressive therapy during the
enrollment period.

Demographics and Clinical Parameters

A uniform questionnaire survey was carried out among 1632
subjects for associated demographics, including gender, age,
nationality, history of stroke, coronary heart disease, diabetes,
hypertension and hyperlipidemia, and family history. Systolic
blood pressure (SBP) and diastolic blood pressure (DBP) were
measured with a mercury sphygmomanometer. Limosis pe-
ripheral blood (10 ml) was collected from each subject with
anticoagulant and non-anticoagulant tubes. The total choles-
terol (TC), triglyceride (TG), high-density lipoprotein choles-
terol (HDL-C), and low-density lipoprotein cholesterin (LDL-
C) were analyzed in non-anticoagulant blood using the
Hitachi 7600 automated biochemistry analyzer based on stan-
dard laboratory procedures.

DNA Extraction and Genotyping

Anticoagulant blood samples were stored at 4 °C. Genomic
DNA extraction was carried out using the TIANamp Blood
DNA Kit (Tiangen Biotech, Beijing, China) based on the
product manual within a week. Extracted DNA samples were
preserved at −80 °C until analysis. Primer for rs5030411 and
rs5030416 were designed using the Sequenom Assay
Designer 3.1 software (Sequenom, San Diego, CA, USA);
details are provided in Table S1. The Sequenom
MassARRAY iPLEX platform was used for genotyping.
Primer design, oligo synthesis, and SNP genotyping were
completed by Bomiao Biological Co., Ltd., Beijing, China.
All operators strictly followed a set of standard procedures
and were blinded to the identity of the samples with regard
to case and control status throughout the trial. Furthermore,
we re-genotyped 5 % of the DNA samples selected randomly
and achieved complete concordance.

Statistical Analysis

Differences in gender, age, and other demographic variables
between groups were analyzed using SPSS for windows, ver-
sion 16.0. Enumeration data were compared with the chi-
square test and measurement data (normally distributed) by
independent samples t test. The PLINK software (http://
pngu.mgh.harvard.edu/∼purcell/plink/) was used to estimate
any association between genotypes and phenotypes.
Distributions of genotype were subjected to a chi-square
goodness-of-fit test for deviations from the Hardy–Weinberg
equilibrium (HWE) for the controls. The association between
polymorphisms and ISwas assessed by odds ratios (ORs) with
95 % confidence intervals (CIs) using multiple logistic regres-
sion analysis with adjustment of conventional confounding

variables in four genetic models, namely, the additive, domi-
nant, recessive, and allelic models. Haplotypes were also es-
timated using multiple logistic regression. Moreover, we de-
termined the association between polymorphisms and IS-
related quantitative traits with the linear regression analysis
method. Bonferroni correction was used to adjust the P value
for multiple comparisons. The test power was calculated using
the Quanto software (http: / / hydra.usc.edu/gxe).
Corresponding parameters for power calculations were as fol-
lows: minor allele frequency of 0.21 for rs5030411 and 0.16
for rs5030416, odds ratio of 1.3, sample size for each group
(case group and control group) of 816, and additive model and
disease prevalence for IS of 0.019 (http://www.gov.cn/
xinwen/2014-05/19/content_2682279.htm). All tests were
set as two-tailed; P values less than 0.05 were considered
statistically significant.

Results

Characteristics of Subjects

The test power for rs5030411 and rs5030416 was 88
and 82 %, respectively. A total of 816 IS patients
(465 males and 351 females) and 816 controls (433
males and 383 females) were included in the present
study. The mean age of the IS group was 65.97±
10.50 years, compared with 65.26±10.87 years for the
controls. No statistically significant difference was ob-
served between the two groups with respect to gender
(P=0.11), age (P=0.179), and TC (P=0.202) or TG
levels (P=0.368), whereas the SBP (P<0.001), DBP
(P<0.001), HDL (P<0.001), and LDL levels (P=
0.020) were significantly different between the IS cases
and the controls.

TRAF6 Gene Polymorphisms and Risk of IS

As shown in Table 1, the genotype distribution of
rs5030416 and rs5030411 both conformed to the
Hardy–Weinberg equilibrium among controls. A statisti-
cal association was observed between rs5030416 and
elevated risk of IS (additive model: OR=1.26, 95 %
CI=1.04–1.51, P=0.016; dominant model: OR=1.30,
95 % CI=1.05–1.61, P=0.017; and allelic model:
OR=1.26, 95 % CI=1.05–1.53, P=0.015). This associ-
ation was also detected in the additive and dominant
models after adjusting for covariates by age and sex
and adjusting the P value with Bonferroni correction
(additive model: ORadj =1.25, 95 % CI=1.04–1.51,
Padj=0.019, PBc=0.038; dominant model: ORadj=1.23,
95 % CI=1.04–1.60, Padj = 0.021, PBc=0.042). No
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statistical association was observed between rs5030411
and IS under any models (all P>0.05) (Table 2).

Haplotype and Risk of IS

We estimated IS and three common haplotypes constructed
from rs5030416 and rs5030411. As shown in Table 3, a sig-
nificant difference was observed in distribution of the haplo-
type rs5030416 (allele C)-rs5030411 (allele C) between cases
and controls, suggesting that this haplotype may increase the
risk of IS (OR=1.27, P=0.013). Adjustment by age did not
alter the results.

TRAF6Gene Polymorphisms and IS-RelatedQuantitative
Traits

According to the linear regression analysis, the polymor-
phism rs5030411 showed a statistical association with TC
levels in IS patients under the additive model [β 0.16(0.01–
0.30), Padj=0.034] and recessive model [β 0.45(0.12–0.78),
Padj=0.007] after adjusting by age and sex, but not the other
IS-related quantitative traits (TG, HDL, LDL, SBP, or DBP
levels) (Table 4). After a Bonferroni correction, the associa-
tion between rs5030411 and TC levels in IS patients
remained statistically significant under recessive model
(PBc=0.042) (Table S2). Moreover, no statistically signifi-
cant association was found between rs5030416 and any of
the IS-related quantitative traits (Table 4).

Discussion

To the best of our knowledge, this study is the first to inves-
tigate the association between TRAF6 gene variants
rs5030411 and rs5030416 with susceptibility to IS. We
showed that rs5030416 was associated with increased suscep-
tibility to IS, but no significant association was found between
rs5030411 and IS. The haplotype rs5030416 (allele C)-
rs5030411 (allele C) increased the susceptibility of IS.
Moreover, polymorphism rs5030411 was associated with
TC levels in IS patients. The test power in the present study
was greater than 80 %.

TRAF6 acts as a convergence point for TNFR and TLR
families (Song et al. 1997; Muzio et al. 1998; Ye et al. 2002).
In signaling transduction by the TLR family, this protein is
essential for activation of the MyD88-dependent pathway.
When the Toll/IL-1R (TIR) domain, which is the cytoplasmic
region shared by the TLR and IL-1R families, combines with
the adaptor protein MyD88, IRAK4 and IRAK1 are recruited
and form a heterotrimer. Phosphorylated IRAK1 separates
from this heterotrimer and interacts with TRAF6, following
the formation of lysine63-linked polyubiquitin chains. These
chains can lead to transforming growth factor-activated kinase
1 (TAK1) phosphorylation. Phosphorylated TAK1 is associ-
ated with TAK1-binding protein 1 (TAB1), TAK1-binding
protein 2 (TAB2), or TAK1-binding protein 3 (TAB3) and
promotes activation of mitogen-activated protein kinase
(MAPK) pathway and inhibition of the nuclear factor kappa-
B kinase (IKK) complex, which results in the translocation of

Table 1 Distribution in the genotype frequencies of TRAF6 gene polymorphism and HWE test for healthy controls

SNP_ID Allele (minor/major) Case (%) Control (%) PHWE

A1A1 A1A2 A2A2 A1A1 A1A2 A2A2

rs5030416 A/C 27(3.3 %) 232(28.4 %) 557(68.3 %) 20(2.5 %) 195(23.9 %) 601(73.7 %) 0.247

rs5030411 C/T 70(8.6 %) 324(39.7 %) 422(51.7 %) 62(7.6 %) 310(38.0 %) 444(54.4 %) 0.390

A1 minor allele, A2 major allele, HWE Hardy–Weinberg equilibrium, PHWE HWE for control subjects

Table 2 Association of TRAF6 gene polymorphism with IS risk

SNP_ID Minor allele Model Crude OR (95 % CI) Crude P ORadj (95 % CI) Padj PBc

rs5030416(A/C) C Additive 1.26 (1.04−1.51) 0.016 1.25 (1.04−1.51) 0.019 0.038

Dominant 1.30 (1.05−1.61) 0.017 1.23 (1.04−1.60) 0.021 0.042

Recessive 1.36 (0.76−2.45) 0.302 1.37 (0.76−2.47) 0.293 0.586

Allelic 1.26 (1.05−1.53) 0.015

rs5030411(C/T) T Additive 1.10 (0.94−1.27) 0.246 1.09 (0.94−1.27) 0.265 0.530

Dominant 1.11 (0.92−1.35) 0.275 1.11 (0.91−1.35) 0.304 0.608

Recessive 1.14 (0.80−1.63) 0.468 1.14 (0.80−1.63) 0.464 0.928

Allelic 1.10 (0.94−1.28) 0.240

OR odds ratio, CI confidence interval, Padj adjusted by age, sex, PBc after Bonferroni correction
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NF-κB and the production of pro-inflammatory cyto-
kines such as TNF- , in ter leukin-1(IL-1) , and
in te r leukin-1 (IL-6) (Aki ra and Takeda 2004;
Moghimpour Bijani et al. 2012). TLRs have been asso-
ciated with the activation of various inflammatory cas-
cades in cerebral ischemia and develop an important
role in mediating cerebral ischemic injury. In addition,
a previous study has suggested that the downregulation
of TLR signaling through cerebral preconditioning re-
duces inflammatory injury after cerebral ischemia
(Wang et al. 2011). Based on this evidence, we assumed
that TRAF6, which serves as a crucial molecule in the
TLR downstream pathway, may be involved in IS de-
velopment. In this present study, the TRAF6 gene vari-
ant rs5030416 was found to increase IS susceptibility.
TRAF6 had been demonstrated upregulated in neuronal
cells in a rat cerebral ischemia–reperfusion model and in
the peripheral blood of IS patients (Wu et al. 2013;
Yuan et al. 2013). Furthermore, TRAF6 participates in
the inflammation process induced by the TLR pathway,
which may exert an important function in cerebral is-
chemia, as mentioned previously. Therefore, rs5030416
may have modified the expression of TRAF6, thereby
promoting inflammatory injury and predisposition to IS.
However, this hypothesis remains to be further elucidated.

In our study, the TRAF6 gene variant rs5030411 was found
to be associated with elevated TC levels in IS patients.
Increasing serum cholesterol was a definite risk factor for IS
(Hankey 2006). Previous studies suggested a significant asso-
ciation of a number of genetic variants with TC levels. Lu
et al. (Lu et al. 2014) found that the T allele of the ITGA2
C807T polymorphism appeared to increase the TC levels of
IS patients. Song et al. (Song et al. 2014) reported that TC
levels in IS patients who carried Ala/Thr and Thr/Thr of
FABP2 gene were significantly higher than in those who car-
ried Ala/Ala. Although no significant association was ob-
served between the TRAF6 gene polymorphism rs5030411
and IS susceptibility in the present study, this SNP was signif-
icantly associated with TC levels in IS patients. However, the
role of rs5030411 in lipid metabolism has not been reported to

Table 3 Haplotype association analysis of TRAF6 gene polymorphism
with IS (adjusted by age, sex)

Haplotypea Total sample size

1 2 Case Control OR P ORadj Padj

C C 0.17 0.14 1.27 0.013 1.26 0.015

A C 0.11 0.12 0.87 0.205 0.87 0.209

A T 0.72 0.73 0.92 0.279 0.92 0.301

ORadj adjusted by age, sex; Padj adjusted by age, sex
a Haplotype formed from the SNPs: 1. rs5030416, 2. rs5030411
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date, and how it influences TC levels needs to be clarified in
further studies.

Currently, 16 GWASs on stroke were added to the catalog
of published GWASs (http://www.ebi.ac.uk/gwas/). Some
SNPs, such as rs556621 on chromosome 6p21.1 (Holliday
et al. 2012), rs2107595 in HDAC9, and rs6843082 in PITX2
(Traylor et al. 2012), were identified as susceptibility loci for
stroke. But no significant association was reported between
TRAF6 SNPs and stroke susceptibility. At present, the
majority of these GWASs were performed only in
Caucasian. According to the international HapMap data, the
minor allele frequency of rs5030411 and rs5030416 in
Caucasian (HapMap-CEU) were 0.398 and 0.165, respective-
ly, while they were 0.244 and 0.073 in Chinese (HapMap-
CHB), respectively. These results suggest that there may be
an ethnicity difference in distribution of the minor allele fre-
quency of these two SNPs in Caucasian and Chinese. Since
stroke-associated GWASs in Chinese have not been reported
to date, larger GWASs performed in Chinese are required to
confirm our findings.

The present study also has certain limitations. First, this
study was only conducted among Chinese Han individuals.
To reduce the influence of heterogeneity resulting from eth-
nicity, we explored the effects of gene polymorphisms on IS in
a single ethnic population, similar to most studies (Zhao et al.
2012; Cui et al. 2013; Li et al. 2014). We found a significant
association between rs5030416 and IS susceptibility; this as-
sociation should be extrapolated to other ethnic groups with
extreme caution. Second, IS is considered a clinically hetero-
geneous disease, and its pathological mechanisms differ
among etiology subtypes (Markus 2011). We did not catego-
rize the IS cases into different subtypes, which may impact on
the outcomes of this association study. Further studies on the
effects of TRAF6 gene polymorphisms on different IS sub-
types are needed. Third, our study was based on a hospital
population, so it was difficult to avoid selection bias. A mul-
ticenter study with more representative samples is warranted
to reduce selection bias. Fourth, similar to reports from other
association studies (Zhao et al. 2012; Cui et al. 2013; Luo et al.
2013), the controls in this study did not have a CT or MRI
examination, unlike the patients. However, IS is a severe dis-
ease with obvious symptoms (Hachinski 2002; Vasiliadis and
Zikic 2014), and most individuals clearly know whether they
suffer from this disease or not. Thus, the possibility of mis-
classification bias in the present study was small. Finally, we
did not explore the interaction of the gene and the environ-
ment, which may play a crucial role in IS development
(Humphries and Morgan 2004; Markus et al. 2006). Further
research needs to confirm the influence of the studied SNPs on
IS based on the interaction with environmental factors.

The present study provides data for an association study on
TRAF6 SNPs and IS susceptibility, as well as IS-related quan-
titative traits, among the Southern Chinese Han population. In

summary, we reported that rs5030416 was associated with an
increased susceptibility to IS, while rs5030411 was associated
with elevated TC levels in IS patients. Subsequent research,
including the mechanisms underlying gene–environment in-
teraction, the effects of SNPs on different histological sub-
types of IS, and republication in other ethnic groups, is
required.
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