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Abstract: Objective: The frequency distribution of A/G genotype at position-169 in promoter of FCRL3 gene (Fc re-
ceptor-like 3) was identified in Han population of northern Anhui Province. The correlation between single nucleotide 
polymorphism (SNP) at this site and genetic susceptibility of Graves disease (GD) was discussed. How the genotype 
at this position correlated to age, gender, severity of goiter, presence or absence of exophthalmos, levels of thyro-
trophin receptor antibody (TRab), thyroid peroxidase antibody (TpoAb) and anti-thyroglobulin antibody (TgAb) and 
thyroid function was analyzed in details. Method: Peripheral venous blood was collected for DNA extraction. SNP at 
position-169 in the promoter of FCRL3 gene was determined by using PCR-RELP among 180 GD cases and 146 nor-
mal subjects. Thyroid function tests and antibody detection were performed. Results: The frequency of GG genotype 
of position-169 in promoter of FCRL3 gene was higher in GD group than in control group. The frequency was 28.9% 
and 13.8%, respectively, showing significant differences in intergroup comparison (χ2=6.618, P=0.046). The G allele 
frequency of GD group and control group was 49.4% and 40.4%, respectively, also showing significant differences 
between the groups (χ2=5.308, P=0.021). GD cases with AA, AG and GG genotypes at position-169 in FCRL3 pro-
moter had significant differences in serum level of TRAb (χ2=7.319, P=0.026). However, no significant differences 
in gender, severity of goiter, TpoAb and TgAb level, presence or absence of exophthalmos and thyroid function (FT3, 
FT4, TSH) were found between the three genotypes (P>0.05). Conclusion: A/G SNP at position-169 in promoter of 
FCRL3 gene was correlated with susceptibility to GD among Han population in northern Anhui Province. G allele 
may contribute to the susceptibility to GD and correlate to positive TRAb result in thyroid diseases, but not to age 
of onset, gender, presence or absence of exophthalmos, thyroid function, TpoAb and TgAb level or severity of goiter. 
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Introduction

Graves disease (GD) is an autoimmune disease 
with an incidence of 0.5%-1.3% among western 
population (0.5% for clinical type and 0.7% for 
subclinical type) [1] or 0.25%-1.09% [2] among 
Chinese population. The pathogenesis of GD is 
related to the joint effects of genetic, environ-
mental and internal (immune) factors. The 
inducing factors of GD include infections, stim-
ulation, smoking and psychological stress. Fc 
receptor-like 3 (FCRL3) is a novel immunoregu-
latory gene believed to perform similar func-
tions as Fcγ receptors due high structural 

homology between them. The latter has been 
shown to correlate with a variety of autoim-
mune diseases [3-5]. Studies [6-8] found that 
FCRL3 gene polymorphism is related to the sus-
ceptibility to GD with regional and ethnic vari-
ability. We analyzed SNP at the position-169A/G 
(rs7528684) in promoter of FCRL3 gene using 
PCR-RELP, so as to determine whether FCRL3 
gene is a susceptibility gene of GD among Han 
population in northern Anhui Province. Furth- 
ermore, the correlations of SNP at position-169 
in the promoter of FCRL3 to serum levels of 
FT3, FT4, TSH and TRAb, gender, age, TpoAb, 
TgAb, severity of goiter and presence or absence 
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Table 1. Clinical data of 180 GD cases and 146 normal controls

clinical features Sub category
The number 

of cases in GD 
group (%)

The number of 
cases of the control 

group (%)
Gender Female 137 (76.1) 112 (76.7)

Male 43 (23.9) 34 (23.3)
Age (years) --- 40.33±13.46 39.66±13.31
TRAB (%) TRAB ≥1.5 110 (61.1) ---

TRAB <1.5 70 (38.9)
FT3 (pmol/l) --- 10.701±5.243 ---
FT4 (pmol/l) --- 1.647±0.744 ---
TSH (mIU/l) --- 0.411±0.566 ---
TpoAb TpoAb ≥20% 44 ---

TpoAb <20% 136
TgAb TgAb ≥20% 59 ---

TgAb <20 121
Thyroid ophthalmopathy Yes 122 ---

No 58
Thyromegaly 0 9 ---

I 58
II 103
III 10

of exophthalmos in GD were investigated. The 
findings shed new light on the understanding of 
genetic mechanism of GD. 

Subjects and methods

Subjects

GD group consisted of GD patients of Han eth-
nic group in northern Anhui Province from 
March to November 2013. Cases complicated 
by severe heart, kidney and brain failure or 
other autoimmune diseases were excluded. 
The diagnostic criteria of GD were as follows: 
Palpitations, chest tightness, hand shaking, 

296 bp in length. The 25 ul reaction system 
consisted of the following: PCR Master Mix 
12.5 µl, upstream and downstream primer 1 µl 
each, template cDNA 1 µl, deionized water 9.5 
µl. The PCR reaction conditions were as follows: 
predenaturation at 95°C for 2 min, then at 
95°C for 30 s; annealing at 58°C for 20 s, 
extension at 72°C for 60 s, 40 cycles; final 
extension at 72°Cfor 10 min. The products 
were then identified by 10 g/L agarose gel elec-
trophoresis. Restriction enzyme digestion was 
performed, and Faq I restriction enzyme 
(BamFI) was used for PCR. The 32 µl PCR reac-
tion system consisted of PCR product 10 µl, 

large food intake with rapid 
hungering, fear of heat and 
hidrosis and other signs of 
hypermetabolism; diffuse goi-
ter; Elevated FT3 and FT4 and 
reduced TSH; Exophthalmos 
and other invasive eye syn-
dromes; Pretibial myxedema; 
Positive TRAb; Elevated iodine 
intake by thyroid. The cases 
should satisfy the first three 
criteria to be diagnosed as 
GD. The control group consist-
ed of healthy subjects collect-
ed from the same region and 
during the same period and 
matched for gender and age 
without blood relationship 
(excluding those with delayed-
type autoimmune diseases). 

SNP detection for FCRL3 
promoter-169APG

Genomic DNA Extraction Kit 
(Tiangen Biotech, DP318) 
was used for genomic DNA 
extraction from white blood 
cells in peripheral blood sam-
ples. DNA concentration was 
determined with UV spectro-
photometer. FCRL3 promoter 
polymorphism was detected 
by PCR (upstream primer 5‘- 
CCCT TCACTACCT TGTCT T- 
CACAC-3’, downstream prim-
er 5’-GGGTGGAACCTCTTTGA- 
TTGC-3’, Sangon Biotech 
(Shanghai) Co., Ltd.). The 
amplified fragments were 

Figure 1. Amplified fragments for position-169 in promoter of FCRL3. Note: M 
represents marker, and number 1-13 represent PCR products. 
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nuclease-free water 18 µl, 10× Buffer Tango 2 
µl, 50× SAM 0.6 µl, Faq I restriction enzyme 1.4 
µl. The mixture was heated at 37°C in a water 
bath for 5 h. The reaction tube was placed in an 
incubator at 65°C for 20 min to deactivate the 
enzyme. The products were detected by aga-
rose gel electrophoresis. 

Determination of biochemical indicators

Thyroid function test was carried out by mea-
suring uTSH, FT3, FT4 and P or TT3 and TT4, 

rose gel electrophoresis, and M stood for DNA 
marker. Compared with DNA marker, the size of 
the product was 296 bp as expected (Figure 1). 

Results of restriction enzyme digestion

The amplified fragments for position-169 in the 
promoter of FCRL3 were 296 bp in length. After 
digestion by Taq I restriction enzyme, 3 geno-
types were obtained, namely AA, AG and GG. 
The results of agarose gel electrophoresis are 
shown in Figure 2: M is DNA marker; 1 is PCR 

Figure 2. Electrophoretic pattern of amplified fragments for position-169 in 
promoter of FCRL3 after digestion by Taq I restriction enzyme. Note: M is 
marker; 1 is PCR product; 2-7 are products of restriction enzyme digestion 
(2-3 AA genotype, 4-5 AG genotype, 6-7 GG genotype). 

Figure 3. Homozygote AA genotype. Note: Red arrow indicates the mutant 
site. 

and the serum levels of TRAb, 
TgAb and TPOAb were detect-
ed. All indicators were mea-
sured by chemiluminescent 
immunoassay except for 
TRAb, which was measured 
by radioimmunity method. 

Statistical analysis  

Chi-square test was carried 
out using SPSS software 
(PASW Statistics 18) to ana-
lyze the frequency distribu-
tion of alleles and genotypes. 
Frequencies of alleles and 
genotypes in two groups were 
compared using X2 test and 
P<0.05 was considered as 
statistically significant. Mea- 
surement data were ex- 
pressed as 

_
x s! . Following 

the test for homogeneity of 
variance (P>0.05), one-way 
ANOVA was performed. Count 
data were expressed as 
ratios, and the differences 
were analyzed by X2 test using 
R×C Table. During one-way 
ANOVA for count data, the sig-
nificance level was set as 
0.05. 

Results

General information of sub-
jects is listed in Table 1.

Sizes of PCR amplified frag-
ments

The target fragments were 
identified in 1 lane by 2% aga-
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product of 296 bp; 2-3 is AA genotype, corre-
sponding to one fragment of 296 bp; 4-5 is AG 
genotype, with three fragments of 296 bp, 184 
bp and 112 bp, respectively; 6-7 is GG geno-
type, with two fragments of 184 bp and 112 
bp, respectively (Figure 2). 

Genotyping results

The amplified fragments were sequenced by 
Sangon Biotech (Shanghai) Co., Ltd., and three 

0.716) did not differ obviously between the 
three genotypes, either (Table 5).

The results of thyroid function test (FT3, FT4, 
TSH) showed significant differences between 
the three genotypes (P>0.05, Table 6). 

Discussion

GD and Hashimoto thyroiditis (HT) both belong 
to autoimmune thyroid disease (AITD). GD 

Figure 4. Heterozygote AG genotype. Note: Red arrow indicates the mutant 
site. 

Figure 5. Homozygote AG genotype. Note: Red arrow indicates the mutant 
site. 

genotypes were obtained, 
namely, AA, AG and GG 
(Figures 3-5).

Frequency distribution of al-
leles and genotypes in FCRL3

The frequencies of GG geno-
type and G allele in GD group 
were significantly higher than 
those of the control (23.9% 
vs. 13.8%, 49.4% vs. 40.4%, 
P<0.05). See Tables 2 and 3, 
respectively. 

Correlation between FCRL3 
genotypes and clinical fea-
tures of GD cases 

The TRAb positive rate of 
cases with GG genotype was 
obviously higher than that 
with AA and AG genotype. The 
TRAb positive rate was 76.7%, 
59.8% and 48.9% for the 
three genotypes, respectively, 
and the difference was of sta-
tistical significance (χ2=7.319, 
P=0.026, see Table 4). 

The distribution of the three 
genotypes did not differ sig-
nificantly between the gen-
ders (χ2=4.76, P=0.096). The 
cases with three genotypes 
had no marked difference in 
TpoAb (χ2=3.355, P=0.187), 
TpoAb (χ2=3.355, P=0.187) 
or TgAb level (χ2=3.826, 
P=0.148). Severity of goiter 
(χ2=11.412, P=0.076) and 
the presence or absence of 
exophthalmos (χ2=0.668, P= 
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Table 3. Frequencies of SNP alleles t position-169 in promoter of 
FCRL3 in GD group and control group (n (%))

Group
Allele frequency

χ2 Value P Value OR (95% CI)
A G

Case (GD) 182 (0.506) 178 (0.494) 5.308 0.021 1.44-1.55
Contrast 174 (0.596) 118 (0.404) 1.35-1.46
Note: Comparison of SNP allels between two groups: χ2=5.308, P=0.021.

involves multiple susceptibility genes and the 
occurrence may be induced by smoking, infec-
tions and psychological stress. The environ-
mental and internal factors can jointly activate 
T cells and B cells to respond to thyroid autoan-
tigen, leading to AITD. 

An FcR homolog, FCRL was first discovered as a 
member of immunoglobin gene superfamily in 
2001, exhibiting high structural homology with 
Fc receptors [9]. Classified as membrane glyco-
protein, FCRL is expressed on the surface of 
cells performing various immune functions and 
binds to FC IgG. With affinity varying from one 
IgG to another, FCRL is found to play an impor-
tant role in autoimmune diseases [9]. FCRL3 
gene is localized to chromosome 1q21-23, 
spanning over a length of 24.3 kb and contain-
ing 16 exons and 15 introns. In human, FCRL3 
is mainly expressed in secondary immune 
organs, such as lymph nodes and spleen. But it 
is rarely in bone marrow and thymus and only 
lowly expressed in the heart. Containing immu-
notyrosine activation motif (ITAM) and immuno-
receptor tyrosine-based inhibitory motif (ITIM), 

the main contributions to this inhibition. The 
FCRL3 genotype related to disease enhanced 
the B cell receptor-mediated inhibition, altering 
the activation domain and leading to abnormal 
immune tolerance [11]. Matesanz-Isabel et al. 
[12] showed that FCRL3 gene SNP was related 
to the B-cell signaling transduction and activa-
tion pathway, which contributed to susceptibili-
ty to GD. CD4 + Foxp3 + regulator cells (Treg) 
play a crucial role in maintaining immune toler-
ance and the occurrence of autoimmune dis-
eases. Louise et al. reported that FCRL3 may 
negatively regulate T-cell signaling pathway by 
acting on T cells, which leaded to abnormal 
immune tolerance [13]. Swainson et al [14] indi-
cated that FCRL3 inhibited the proliferation of 
effector T cells. FCRL3 expression and dysfunc-
tion of regulatory T cells may interfere with 
immune tolerance. In 2013, Gu et al [7] found 
that rs7528684 may induce GD through excess 
inhibition of B cell receptor signaling and dys-
function of regulatory T cells. It was inferred 
that FCRL3 exerted an inhibitory effect in 
immune response [14]. NF-KB is involved in 
transcriptional regulations of various genes. C 

Table 2. Frequencies of SNP genotypes at position-169 in promot-
er of FCRL3 in GD group and control group (n (%))

Group
Genotype frequency

χ2 Value P Value
AA AG GG

Case (GD) 45 (0.250) 92 (0.511) 43 (0.239) 6.168 0.046
Contrast 48 (0.328) 78 (0.534) 20 (0.138)
Note: Comparison of SNP genotypes between two groups: χ2=6.168, P=0.046.

Table 4. Correlation between A/G genotype and TRAb in GD cases
Clinical 
features

Sub  
category

Allele frequency
χ2 Value P Value

AA AG GG
TRAb (%) TRAb ≥1.5 22 (48.9) 55 (59.8) 33 (76.7) 7.319 0.026

TRAb <1.5 23 (51.1) 37 (41.2) 10 (22.3)
Note: TRAb positive rate of cases with GG genotype was obviously higher than that 
with AA and AG genotype. TRAb positive rate was 76.7%, 59.8% and 48.9% for the 
three genotypes, respectively, showing significant difference (χ2=7.319, P=0.026).

FCRL3 can activate or (and) 
inhibit tyrosine protein kinase, 
thus activating or inhibiting 
cell signaling [10]. By this 
mechanism, FCRL3 regulates 
B cell receptor signaling path-
way and thus affects the 
immune tolerance of B cells 
like other common receptors 
of B cells such as CD19, CD21 
and CD22. Kochi Y et al. dem-
onstrated the inhibitory effect 
of FCRL3 on B cell receptor-
mediated signaling pathway 
using murine Fc RIIB/human 
FCRL3 chimeric protein. The 
binding of chimeric protein to 
B cell receptors led to the 
phosphorylation of tyrosine-
based motif in the cytoplas-
mic domain. The inhibition of 
receptor tyrosine and calcium 
mobilization finally results in 
the phosphorylation of tyro-
sine-based motif in the cyto-
plasmic domain. Mutational 
analysis showed that the tyro-
sine residues in two potential 
ITIMs at 662 and 692 offered 
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Table 6. Correlation between three genotypes 
and thyroid function in GD cases (

_
x ±s)

FT3 (pmol/l) FT4 (ng/dl) TSH (mIU/l)
AA 10.67±5.80 1.632±0.783 0.406±0.602
AG 10.70±4.872 1.637±0.731 0.416±0.536
GG 10.731±5.512 1.680±0.745 0.404±0.603
P Value 0.99 0.94 0.99

Table 5. Correlation between three genotypes and clinical features (count data) in GD cases
Sub category TpoAb TgAb Thyromegaly Thyroid ophthalmopathy
Female Male TpoAb ≥20% TpoAb <20% TgAb ≥20% TgAb <20% 0 I II III Yes No

AA 30 15 14 31 18 27 3 19 20 3 31 14
AG 76 16 17 75 24 68 3 22 63 4 60 32
GG 31 12 13 32 17 26 2 20 19 2 31 12
χ2 Value 4.726 3.355 3.826 11.412 0.668
P Value 0.094 0.187 0.148 0.076 0.716

(G) allele at rs7528684 in the promoter region 
of FCRL3 can enhance the binding to NF-kB, 
thus increasing FCRL3 expression. The high 
expression of FCRL3 can produce more autoan-
tibodies, which in turn facilitates the expres-
sion of FCRL3.

We found that the frequencies of GG genotype 
and G allele in GD group were obviously higher 
than those of the normal control. The frequency 
of G allele was higher than that of the control, 
and the difference was of statistical signifi-
cance. This indicated the correlation of GG gen-
otype and G allele to GD. The findings of the 
present experiment agreed with those by Sgarbi 
et al [6] and Gu et al [7]. However, whether G 
allele at this position is the susceptibility site of 
GD remains to be confirmed by large-sample 
analysis. We found that the TRAb positive rate 
in cases with GG genotype was considerably 
higher than in cases with AA and AG genotype. 
The TRAb positive rate for the three genotypes 
was 76.7%, 59.8% and 48.9%, respectively, 
and the difference was of statistical signifi-
cance. The possible mechanism may be due to 
the alternation of affinity to NF-KB caused by G 
allele, considering the role of NF-KB in enhanc-
ing FCRL3 expression. More autoantibodies 
would be produced because of high-expression 
of FCRL3. Another study suggested that FCRL3 
promoter polymorphism and NF-kB promoter 
polymorphism had a synergistic effect in pro-
moting FCRL3 expression and the production 
of autoantibodies [15]. It can be inferred that G 

allele at position-169 in the promoter of FCRL3 
may regulate humoral immunity and cellular 
immunity via abnormal expression. Its effect on 
humeral immunity leads to enhanced secretion 
of TRAb and causes GD. The occurrence of GD 
has a large gender difference, with more 
females affected by GD than males [2]. Our 
study consisted of 134 female and 46 male 
patients. Therefore, gender-stratified analysis 
was used to understand the correlation 
between FCRL-3 gene polymorphism and GD. 
After removing the effect of gender, no signifi-
cant differences were observed, which may be 
due to the limited sample size. We also found 
no significant differences in TpoAb and TgAb 
level, severity of goiter and the presence or 
absence of exophthalmos between the three 
genotypes. The possible reasons are proposed 
as follows: The use of TpoAb and TgAb levels as 
the auxiliary diagnostic criteria of GD, for which 
most GD cases were negative; Limited sample 
size; Ethnic variability. 

The study on the correlation between FCRL3 
polymorphism and genetic susceptibility to GD 
provides the basis for genetic therapy for GD. 
Gene replacement and immune gene therapy 
may offer new hope for the treatment of GD. 
The results of the present study need to be con-
firmed by large-sample analysis. Considering 
the complex pathogenesis of GD, the interac-
tions between susceptibility genes, immune 
factors and environmental factors deserve 
more investigation. 
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