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Abstract

Background: The etiology of the Graves' disease (GD) is largely unknown. However, genetic factors are believed to
play a major role. A recent genome-wide association study in a Han Chinese sample collection revealed two new
Graves' disease (GD) risk loci within chromosome band 4p14 and 6qg27. In this study, we aimed to investigate these
associations with Weifang Han Chinese population of Shandong province and perform a meta-analysis of
associations with GD.

Methods: A case—control study was conducted to investigate association of variation within 4p14 and 6g27 to GD
susceptibility in Weifang Han Chinese population of Shandong province. SNP rs6832151 at chromosome 4p14 and SNP
rs9355610 at chromosome 6427 was selected for genotyping in 2,382 GD patients and 3,092 unrelated controls. SNP
genotyping was performed using TagMan Real-time PCR technique assays on ABI7900 platform. A meta-analysis was
performed with the data obtained in the current sample-set and those available from prior studies.

Results: Association analysis revealed both rs6832151 located in 4p14 (odds ratio (OR) = 1.27, Pajeic = 148 % 10~°) and
rs9355610 located in 627 (OR = 1.10, Pajeic = 1.04 x 10~2) was associated with GD susceptibility. By model of
inheritance analysis, we found the recessive model should be preferred (Pgecessie = 2.75 % 10~"") for rs6832151. The
dominant model should be preferred (Poominan: = 7.15 X 1073) for 1s9355610, whereas analysis of recessive model
showed no significant association (Pgecessive = 0.13). Meta-analysis with the data of 10,781 cases and 16,304 controls
obtained from present sample-set and those available from prior studies confirmed association of rs6832151 at 4p14
with GD susceptibility using a fixed model (OR =127, 95% Cl: 1.22 to 1.32; I* = 0%). Meta-analysis with the data of
11,306 cases and 12,756 controls confirmed association of rs9355610 at 6q27 with GD susceptibility using a fixed
model (OR=1.18, 95% Cl: 1.13 to 1.22; I = 41.2%).

Conclusions: Our findings showed that chromosome 4p14 and 6427 variants were associated with Graves' disease in
Weifang Han Chinese population of Shandong province.
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Background

Graves’ disease (GD) is a common organ-specific auto-
immune disorder characterized by autoantibodies activating
the thyrotropin receptor (TSHR) causing a hyperfunction
of thyroid gland. Lymphocytic infiltration was found in the
thyroid gland of patients with accompanying evidence of
both humoral and cellular immune system activation. GD
is clinically characterized by hyperthyroidism, diffuse goiter
and the presence of thyrotropin receptor (TSHR) anti-
bodies. Stimulatory TSHR auto-antibodies are directly re-
sponsible for the syndrome of hyperthyroidism in the
development of GD.

Both genetic and environmental factors were thought to
be involved in the pathogenesis of GD. Previous studies
suggested that genetic background had a predominant im-
pact on individual susceptibility to GD and contributed up
to about 79% of total disease risk [1]. GD, as well as other
common autoimmune disorders, emerges as a complex
disease with multiple risk genes influencing the risk of
morbidity. The well-established genetic risk genes predis-
posing to GD include human leukocyte antigen (HLA),
cytotoxic T-lymphocyte associated antigen-4 (CTLA-4),
TSHR and Fc receptor like 3 (FcRL3) [2-5].

A recent genome-wide association study (GWAS) in
Chinese Han population firstly identified two novel
GD susceptibility loci at chromosomal bands 4pl4
(rs6832151) and 6q27 (rs9355610) [6]. Rs6832151 is lo-
cated in an intergenic region at 4pl4, which contained
two annotated gene, namely CHRNA9 and RHOH, and a
newly cloned gene, namely GDCG4p14. Rs9355610 is lo-
cated in a region of linkage disequilibrium (LD) at 6q27
containing three genes, namely RNASET2, FGFRIOP and
CCR6. Rs9355610 lies 13-kb 5" upstream RNASET?2, which
is the closest gene to rs9355610. The chromosome loca-
tions of these genes made them as the positional candidate
genes for GD susceptibility.

The associations of variation at 4pl4 and 6q27 were
then investigated several following independent studies.
Association of rs6832151 within 4p14 was replicated in
Polish population, and rs9355610 within 6q27 was associ-
ated with GD susceptibility only following a recessive
model in Polish population [7], whereas no significant as-
sociation was found when comparing the difference of al-
lele or genotype distribution between cases and controls.
In study of Japanese population, rs9355610 within 6p27
was associated with Graves’ disease, whereas rs6832151
within 4p14 showed no significant associations [8]. Asso-
ciation with rs6832151 at 4pl4 and rs9355610 at 6q27
were found with GD in several sample-sets of Chinese
Han population from different regions [9-12]. These in-
consistencies might be caused by population genetic het-
erogeneity or under powered sample size.

Because of possible genetic heterogeneity between
Han Chinese of different regions, we investigated the
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associations of the above two SNPs (rs6832151 at 4pl4
and rs9355610 at 6q27) with GD risk in Weifang Han
population. To further clarify the inconclusive association
between two SNPs and GD, we conducted a meta-analysis
with available data sets from prior studies together with
our current data.

Methods

Study population

The study population consisted of 2,382 Chinese Han GD
patients and 3,092 unrelated, age and sex matched healthy
controls. All patients with GD were recruited from
Department of Endocrinology, Weifang People’s Hospital
of Shandong province in China. The healthy controls were
recruited from the Health Check-Up Center of the hos-
pital, which were all of self-reported Chinese Han ethni-
city from Weifang City of Shandong province. The study
was approved by the ethics committee of Weifang People’s
Hospital and written informed consent was taken from all
participants.

Patients were diagnosed with GD based on the docu-
mented clinical symptoms and laboratory tests (increased
thyroid hormone levels, decreased TSH levels and presence
of TSH Receptor Antibodies (TRAD)) as described previ-
ously [13]. The thyroid function and autoantibody status
were tested for all control subjects. Control subjects with
subclinical autoimmune thyroid disease (AITD) and known
family history of autoimmune disease were removed.

DNA extraction and genotyping

Peripheral blood of 2 ml was collected from each partici-
pant. Genomic DNA was extracted from human peripheral
blood cells using the FlexiGene DNA Kit 250 (Qiagen,
Hilden, Germany) according to the manufactures’ guide-
lines. Two selected SNPs (rs6832151 and rs9355610)
were genotyped using TagMan assays on ABI7900 plat-
form. TagMan SNPs genotype assays were provided by
Applied Biosystems (C__29224385_10 for rs6832151 and
C__30614352_10 for rs9355610, respectively). SNP geno-
typing was performed on ABI7900 Sequence Detection
System (Applied Biosystems, USA) according to the
manufacturer’s instructions. The data completion rate
of rs6832151 and rs9355610 was 99.6% and 99.4%
respectively.

Statistical analysis

Statistical analysis was performed using Plink. The
genotype distribution of each SNP was tested for
Hardy-Weinberg equilibrium in both case and control
population. Both allele and genotype frequencies were
assessed by y*-test between the cases and the controls. A
two-tailed P-value <0.05 was considered statistically
significant. The risk allele of each SNP was revealed
by odds ratios (ORs).
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We assessed the power of the data using the CaT$ [14].
Assuming disease prevalence of 1% and taking into account
the expected risk allele frequency of rs6832151 (35%) and
rs9355610 (49%) in the general population, the combined
set of 2,382 GD cases and 3,902 controls provided a power
of 99.8% and 74.5%, respectively, to support an association
between GD and two SNPs, with an genotype relative risk
of 1.2 and 1.1 respectively at the 5% significance level.

Meta-analysis

To identify data to be included in the meta-analysis, a
literature search was performed in PubMed (at http://
www.pubmed.gov) up to April 2016. We searched for all
publications relating to association studies and checked the
reference lists of identified studies for additional studies.
Association studies of chromosome 4pl4 with GD were
found by entering the search phrase: ‘GD’ or ‘Graves’ dis-
ease’ and ‘4p14’ and ‘rs6832151" and ‘SNP’. Similarly, asso-
ciation studies of chromosome 6q27 with GD were found
using the search phrase: ‘GD’ or ‘Graves’ disease’ and
6q27" and ‘rs9355610" and ‘SNP’. The analyzed data cov-
ered all English and Chinese publications from September
2011 to April 2016. Six studies including the present study
investigated the association of rs6832151 at 4p14 with GD,
and totally 10,781 cases and 16,304 controls were studied.
Seven studies including the present study investigated the
association of rs9355610 at 6q27 with GD, and totally
11,306 cases and 12,756 controls were studied.

We conducted meta-analysis using Review Manager soft-
ware (version 4.2). The I statistic for inconsistency [15]
and the )f distributed Cochran Q-statistic [16] was used to
assess heterogeneity across studies. I* describes the propor-
tion of variation that is unlikely due to chance and is con-
sidered significantly large for values >50% [17]. Statistical
significance of Q was accepted for P-values < 0.10. Fixed ef-
fects model using Mantel-Haenszel method was applied to
pool the results since no heterogeneity was observed
among studies (Q-test P> 0.100 and P <50%). All P-values
are two-sided.

Results

Clinical characteristics of the samples

To investigate whether rs6832151and rs9355610 contrib-
uted to GD susceptibility, we recruited a case—control
sample collection. Demographic information was shown
in Table 1. The sex ratio was well matched between the

Table 1 Demographic information for the samples

Cases Controls
Number of subjects 2382 3092
Female/Male 1790 / 592 2311/ 781
Average age at enrollment 403+ 144 426117
Age range at enroliment 4-81 20-88
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cases and the controls. The ratio of female to male was
3.02 in GD patients and 2.96 in the healthy controls.
The mean age of patients was 40.3 years and the mean
age of healthy control subjects was 42.6 years.

Association analysis

In both of the patients and control samples, the distribu-
tion of genotype frequencies of the two SNPs conformed
to Hardy-Weinberg equilibrium (P> 0.05). The genotypic
frequencies of the two SNPs were showed in Table 2. Both
rs6832151 and rs9355610 were associated with risk to GD.

The minor allele G of rs6832151 was associated with
GD risk (Pagesic =148 x107°, OR=1.27, 95% CI: 1.18-
1.38). The frequency of rs6832151 G allele was 0.41in cases
and 0.35 in controls. The frequencies of rs6832151 geno-
types in GD patients (G/G, 17.5%; A/G, 46.2%, and A/A,
36.3%) differed significantly from those in the controls
(G/G, 11.2%; A/G, 47.5% and A/A, 41.3%, respectively)
(PGenotypic = 565 x 1071, Analysis of model of inheritance
revealed the risk allele G of rs6832151 was associated
with GD susceptibility following both the recessive
model (Proessive = 2.75 x 1071Y) and the dominant model
(Ppominans = 1.78 x 107%). The recessive model should be
preferred.

The major allele G of rs9355610 within 6q27 was asso-
ciated with GD risk (Pyjesc = 1.04 x 107%, OR = 1.10, 95%
CIL: 1.02-1.19). The frequency of rs9355610 risk allele G
was 0.51 in cases and 0.49 in controls. The genotype fre-
quencies of rs9355610 in GD cases (G/G, 26.4%; A/G,
50.3%, and A/A, 26.4%) differed significantly from those
in the controls (G/G, 23.2%; A/G, 51.6% and A/A,
25.2%, respectively) (Pgenorypic = 2.12 x 1072). Analysis of
model of inheritance showed the G allele of rs9355610
had a dominant effect on GD in the current population
(Ppominans = 7-15 x 107%), whereas analysis of recessive
model showed no significant association (Pgecessive = 0.13).

Meta-analysis

Meta-analysis for rs6832151 and rs9355610 was per-
formed combining the data from previous studies in
Chinese, Polish Caucasian and Japanese populations, and
the data of present study. Six studies including the present
study investigated the association of rs6832151 at 4pl4
with GD, and totally 10,781 cases and 16,304 controls
were studied. Seven studies including the present study in-
vestigated the association of rs9355610 at 6q27 with GD,
and totally 11,306 cases and 12,756 controls were studied.
The allelic forest plots are shown in Fig. 1.

For meta-analysis of rs6832151 within 4pl4, no het-
erogeneity was detected among the six studies (P = 0.74
for Q-test; I>=0%; Fig. 1a). The pooled OR was 1.27
(95% CI: 1.22 to 1.32) calculated by fixed effects ap-
proaches. The results confirmed the modest effect that
rs6832151 within 4p14 played in GD susceptibility. The
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Table 2 Case-control association analysis of the two SNPs
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Chr.  SNP Chr. Genotype  Genotype distribution N(%)  Allelic Genotypic Dominant  Recessive
Position Case Control OR (95% Cl) P value P value P value P value

4 rs6832151 39998408  G/G 415 (17.5) 345 (11.2) 127(118-138) 148x10°° 565x107'"" 178x10* 275x107"
G/T 1093 (462) 1460 (47.5)
T 860 (36.3) 1271 (413)

6 rs9355610 167303065 A/A 555 (23.4) 769 (25.2) 1100102 -1.19)  1.04x 1072 212x1072  715x107° 1.29%x 107"
AG 1193 (503) 1578 (51.6)
G/G 626 (26.4) 709 (23.2)

SNP single nucleotide polymorphism, OR odds ratio

Japanese study showed no significant association for
rs6832151 with GD risk (OR =1.22; 95% CI: 0.92 to 1.62;
Fig. 1a). However, the trend of the OR for the Japanese
samples was similar to the Chinese and the Polish Cauca-
sian samples. It might be that the sample size is too small
to detect the genetic effect of rs6832151in the Japanese
sample collection.

For meta-analysis of rs9355610 with 6q27, no significant
heterogeneity presented among seven studies (P = 0.10 for
Q-test; I> = 41.2%; Fig. 1a). The pooled OR was 1.18 (95%
CL 1.13 to 1.22) calculated by fixed effects approaches.
The Polish study showed no significant association for
rs9355610 with GD risk individually (OR =1.14; 95% CIL:
0.99 to 1.33; Fig. 1b). However, the trend of the OR for the

a

Review: Chr 4p14 rs6832151

Comparison: 01 Risk allele G

Outcome: 01 Graves' disease

Study Case Control OR (random) Weight OR (random)

or sub-category n/N n/N 95% CI % 95% ClI

Chu X, 2011, Stage 1 1165/2934 1014/2980 - 12.75 1.28 [1.16, 1.43]
Chu X, 2011, Stage 2 3062/76862 2414/8850 L] 31.41 1.22 [1.14, 1.31]
Szymanski K, 2012 334/1120 728/2300 - €.03 1.27 [1.09, 1.48]
BanY, 2013 167/572 112/444 1 1.82 1.22 [0.92, 1.62]
Du W, 2014 1330/3304 1202/3452 - 14.67 1.26 [1.14, 1.39)
Zhao W, 2015 $27/1234 3428/3830 - 5.89 1.39 [1.23, 1.57]
Present, 2016 1923/4736 2150/6152 [] 23.37 1.27 [1.18, 1.38]
Total (95% CI) 21562 32608 ¢ 100.00 1.27 [1.22, 1.32)
Total events: 8512 (Case), 11048 (Control)

Test for heterogeneity: Chi®= 3.55, df = 6 (P = 0.74), 1%= 0%

Test for overall effect: Z = 12.26 (P < 0.00001)

01 02 05 1 2 5 10

b Case Control

Review: Chr 6g27 rs9355610

Comparison: 01 Risk allele G

Outcome: 01 Graves' disease

Study Case Control OR (fixed) Weight OR (fixed)

or sub-category n/N n/N 95% CI % 95% CI

Chu X, 2011, Stage 1 1580/2936 1336/2980 - 11.97 1.32 [1.19, 1.46]
Chu X, 2011, Stage 2 3822/7658 3197/6850 L] 31.61 1.14 [1.07, 1.22]
Szymanski K, 2012 791/1120 2000/2950 Hm- 6.05 1.14 [0.98, 1.33]
BanY, 2013 341/572 226/444 —-— 1.92 1.42 [1.11, 1.83)
Wang B, 2013 486/340 417/942 = 3.93 1.24 [1.03, 1.48)
Du W, 2014 1709/3304 1625/3452 - 14.35 1.20 [1.09, 1.33]
Chen X, 2015 £83/1334 822/1782 - §.42 1.23 [1.06, 1.41)
Present, 2016 2445/4748 2396/6112 L] 23.78 1.10 [1.02, 1.19)
Total (95% CI) 22612 25512 [ 100.00 1.18 [1.13, 1.22)
Total events: 11837 (Case), 12679 (Control)

Test for heterogeneity: Chi2= 11.91, df = 7 (P = 0.10), 1= 41.2%

Test for overall effect: Z = 8.77 (P < 0.00001)

01 02 05 1 2 5 10
Case Control

Fig. 1 Forest plots of Meta-analysis for the association of rs6832151 and rs9355610 with GD susceptibility measured by allele frequency data. OR
(black squares) and 95% CI (bar) are shown for each study. The pooled ORs and their 95% Cls are represented by the shaded diamonds. The symbol
n indicates the total number of the risk alleles, and N indicates the total number of the risk alleles plus the protective alleles. a Meta-analysis of the
association studies of rs6832151; b Meta-analysis of the association studies of rs9355610
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Polish samples was similar to the Chinese and the Japanese
samples. It also might be that the sample size is not large
enough to detect the moderate genetic effect of rs9355610
in the Polish sample collection.

Discussion

In the current study, we replicated the associations of
variation in chromosome band 4p14 and 6q27 with GD
susceptibility in a North Han Chinese sample-set from
Weifang City, which is a coastal city in Shandong prov-
ince located in North China. Our meta-analysis includ-
ing the data from previous studies together with the
present data unequivocally replicated the association of
GD susceptibility with rs9355610 and rs6832151. No sig-
nificant heterogeneity was observed among the studies for
both SNPs (Fig. 1). Of note, only one study in Caucasian
population investigate these associations, further more
studies in Caucasian and other population were needed to
confirm these associations with GD susceptibility.

Combining seven data-sets from three countries across
two continents, we were able to perform a meta-analysis
for rs6832151 at 4p14 with association with GD that in-
cluded 11,306 cases and 12,756 controls. The meta-
analysis results confirmed the modest effect (OR =1.27;
95% CI: 1.22 to 1.32) that the rs6832151 polymorphism at
4pl4 played in GD susceptibility. Consistently positive as-
sociations were found in the six data-sets. However, no as-
sociation was found Japanese population when comparing
the allelic effects (OR = 1.22, 95%CI: 0.92-1.62, P=0.17).
The frequency of the risk allele G was 0.41 and 0.35 in the
current Chinese cases and controls. The frequency of the
risk allele G was 0.292 and 0.252 in the Japanese cohort
with 286 cases and 222 controls. The trend of the ORs for
each of the Chinese, Japanese and Polish cohorts was
similar and there was no significant heterogeneity across
the seven data-sets (Fig. 1a). It should be that the sample
size is too small to detect the modest genetic effect of
rs683215 with GD in the Japanese sample-set.

Rs6832151 is located within a 110-kb interval at 4p14.
CHRNAY, RHOH and GDCG4pl14 are located near this
region. Rs6832151 influenced the expression of mRNA
of both CHRNA9 and GDCG4pli4 [6]. However, these
two neighboring genes harbor no SNPs in high LD
with it. CHRNA9 was found to be involved in various
pathophysiologic processes, such as tumorigenesis,
vestibulo-oculomotor interaction and chronic mechanical
hyperalgesia [18-22]. Variation within CHRNA9 region
was associated with increased breast cancer risk and non-
small cell lung cancer risk [23, 24]. Notably, the expres-
sion level of CHRNA9 was relatively high in CD4" and
CD8" T cells [6]. The newly cloned gene, GDCG4p14, had
higher expression levels in CD4" and CD8" T cells. There-
fore, both CHRNA9 and GDCG4p14 are positional and
functional candidate genes for GD susceptibility. The
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expression of RHOH is limited to hematopoietic lineage
cells [25]. RhoH is a key adapter protein that contributed
to the regulation of both pre-T cell receptor (TCR)
and TCR signaling during T cell development [26].
An excess amount of RhoH was able to initiate pre-
TCR signaling in absence of pre-TCR complexes [27].
It could be hypothesized that RHOH might affect the
T-cell-related immune response and thus play a role
in pathogenesis of GD.

We also found rs9355610 in 6q27 was associated with
GD risk in Weifang Han Chinese Han population. Our
meta-analysis summarizes the evidence to date regarding
the association between rs9355610 and GD, representing
a pooled total of 11,306 cases and 12,756 controls from
three countries across two continents. The results of
meta-analysis indicated an association of rs9355610 with
GD susceptibility (OR=1.18; 95% CI: 1.13 to 1.22;
Fig. 1b). Positive associations were found in the six data-
sets. However, no association was found in Polish
Caucasian population when comparing the allelic effects
(OR =1.14, 95% CI: 0.98-1.33, P = 0.082). The frequency
of rs9355610 risk allele G was 0.51 and 0.49 in the
current Chinese cases and controls. The frequency of
the risk allele G was 0.71 and 0.68 in the Polish Cauca-
sian cases and controls. The trend of the ORs for each
of the Chinese, Japanese and Polish cohorts was similar
and there is no significant heterogeneity across the seven
data-sets (Fig. 1b). It should be that the sample size is
not large enough to detect the genetic effect of rs683215
with GD in the Polish Caucasian sample-set of 560 GD
patients and 1,475 controls.

LD pattern in Chinese population showed that
rs9355610 was located in an LD block covering 5" exons of
RNASET?2 and the 5 upstream region. The risk allele of
rs9355610 was significantly with the diminished level of
RNASET?2 expression in T cells from healthy subjects [6].
RNASET?2, encoding ribonuclease T2, is the only RNase T2
family member in humans. Ribonucleases were suggested
to have a broad range of biological functions including
scavenging of nucleic acids, degradation of self-RNA, serv-
ing as cytotoxins and modulating host immune responses
[28]. RNase T2 family members were found to be involved
in the process of priming human dendritic cells for Th2
polarization of CD4" T cells [29, 30]. The involvement of
human RNASET?2 in immune response made it a potential
GD susceptibility gene and further functional studies
were needed to clarify whether and how it played a
role in GD pathogenesis. It should be noted that the
association of chromosome band 6q27 were also found
with susceptibility of other autoimmune diseases such as
Crohn’s disease, rheumatoid arthritis, type 1 diabetes
mellitus and vitiligo [6], which suggested this locus
should be a shared genetic region among common
autoimmune diseases.
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Conclusions

We confirmed the association between GD susceptibility
and rs6832151 at 4pl4 as well as rs9355610 at 6q27.
These associations indicated that variation in 4pl4 and
6q27 might be involved in GD pathogenesis in Weifang
Han Chinese population of Shandong province. Al-
though our association study and meta-analysis repli-
cated the associations of 4pl4 and 6q27 variation with
Graves’ disease with compelling evidence, future studies
in Caucasian and other population were needed to fur-
ther confirm these associations with GD susceptibility.
Further molecular experiments should be put forth to
clarify how these risk variants accounted for the suscep-
tibility of GD.
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