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Background: Previous studies have demonstrated that dysfunctional regulatory T 
cells	(Tregs)	may	be	associated	with	Graves’	disease	(GD).	In	this	study,	we	evaluated	
four	serum	Treg-	associated	miRNAs	(miR-	210,	miR-	182,	miR-	155,	and	miR-	146a)	
expressions	and	assessed	the	potential	of	serum	miRNAs	as	biomarkers	of	GD.
Methods: Foxp3	and	serum	miRNAs	expressions	both	in	GD	patients	and	healthy	con-
trols were measured by RT- PCR.
Results: Serum	miR-	210	in	GD	patients	was	significantly	higher	than	that	of	healthy	
controls (2.64- fold, P<.001); in contrast, miR- 155 and miR- 146a were lower (P<.001 
and P=.008).	No	significant	difference	was	found	in	miR-	182.	ROC	curve	analysis	indi-
cated	that	miR-	210,	miR-	155,	and	miR-	146a	with	the	area	under	ROC	(AUC)	of	0.803	
(70.0% sensitivity and 83.1% specificity), 0.796 (76.3% sensitivity and 76.9% specific-
ity), and 0.736 (68.8% sensitivity and 73.8% specificity), respectively, could differenti-
ate	GD	patients	from	healthy	controls.	Combination	of	three	miRNAs	yielded	an	AUC	
of 0.976 (91.3% sensitivity and 93.8% specificity) with 92.41% diagnostic efficiency. In 
addition,	serum	miR-	210	and	miR-	155	in	GD	were	associated	with	the	extent	of	goiter.	
Three	miRNAs	levels	were	different	by	gender.	Besides,	serum	miR-	210	was	positively	
correlated	with	free	thyroxine	(FT4)	and	thyrotrophin	receptor	antibody	(TRAb)	level.
Conclusion: The serum levels of miR- 210, miR- 155, and miR- 146a may be potential 
new	markers	for	the	diagnosis	of	GD	and	play	important	roles	in	GD	pathogenesis.
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1  | INTRODUCTION

As	a	common	organ-	specific	autoimmune	disease,	Graves’	disease	(GD)	is	
characterized	by	diffuse	goiter	and	hyperthyroidism.	The	diagnosis	of	GD	
is clinically based on the increased free triiodothyronine (FT3), free thy-
roxine (FT4), and the positive thyroid specific autoantibody, such as anti- 
thyroglobulin	antibody	(TGAb),	anti-	thyroperoxidase	antibody	(TPOAb),	
and	anti-	thyrotropin	receptor	antibody	(TRAb).	Regulatory	T	cells	(Tregs),	
which	play	important	roles	in	the	development	of	GD,	are	critical	to	reg-
ulating the immune response.1,2	As	a	transcription	factor,	forkhead	box	
protein 3 (Foxp3) is the major regulatory factor for the development and 
function of Tregs.3,4 Several studies have reported that Foxp3 expression 

and the number of CD4+CD25+	Tregs	were	decreased	in	GD	patients.5-8 
However,	the	mechanisms	of	Treg	dysfunction	were	still	unknown.

MicroRNAs	(miRNAs),	as	a	class	of	small	noncoding	RNA	19-	25	nu-
cleotide in length, are identified as negative regulators of gene expres-
sion.	miRNAs	could	affect	cell	apoptosis,	differentiation,	proliferation,	
and	immune	functions.	In	addition,	miRNAs	have	been	reported	to	play	
an important role in the development of autoimmunity or autoimmune 
disease.9 Zhao et al.10	found	that	miR-	210	inhibited	mRNA	and	protein	
expression	of	Foxp3	via	binding	with	the	3′-	UTR	region	of	Foxp3	and	
modulated	 the	 immunosuppressive	 functions	 of	Tregs.	Besides,	miR-	
182	could	target	the	3′-	UTR	of	forkhead-	box	O1	(FoxO1),	which	con-
trols the development and function of Tregs, resulting in a decrease of 
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Tregs.11,12	As	a	direct	target	of	Foxp3,	miR-	155	is	highly	expressed	in	
Tregs and maintains competitive fitness of Tregs by targeting suppres-
sors	of	cytokine	signaling	(SOCS)-	1.13,14 In addition, miR- 146a, which is 
prevalently expressed in Tregs, is critical for the suppressor function of 
Tregs.15	Interestingly,	different	serum	levels	of	miRNAs	are	associated	
with	GD,	which	may	play	a	role	in	the	pathogenesis	of	GD.16

In this study, we evaluated the serum levels of these four Treg- 
associated	miRNA	(miR-	210,	miR-	182,	miR-	155,	and	miR-	146a)	in	pa-
tients	with	GD	using	quantitative	real-	time	PCR	analysis.	In	addition,	
we	investigated	the	correlations	of	these	serum	miRNAs	and	clinical	
variables	of	GD.

2  | SUBJECTS AND METHODS

2.1 | Study subjects

In this case- control study, we recruited 80 patients who met the 
criteria	 for	 GD	 and	 65	 healthy	 controls	 from	 the	 Department	 of	
Endocrinology,	Wuhan	Union	Hospital.	The	GD	patients	were	diag-
nosed	based	on	the	American	Association	of	Clinical	Endocrinologists	
(AACE)	guidelines.	Serum	samples	were	collected	 from	 the	patients	
without	any	treatments	at	the	first	diagnosis.	All	participants	provided	
written	 informed	consent.	The	controls	had	no	evidence	of	GD	and	
other autoimmune diseases, infection diseases, and other diseases.

The serum levels of free triiodothyronine (FT3), free thyroxine 
(FT4),	thyroid	stimulating	hormone	(TSH),	antithyroglobulin	antibody	
(TGAb),	 thyroperoxidase	 antibody	 (TPOAb),	 and	 thyrotrophin	 recep-
tor	 antibody	 (TRAb)	 were	 measured	 by	 electrochemiluminescence.	
The demographic data were collected from our hospital records. The 

study	was	approved	by	the	Ethics	Committee	of	Union	Hospital,	Tongji	
Medical	College,	Huazhong	University	of	Science	and	Technology.

2.2 | RNA extraction

Total	RNA	was	isolated	from	200	μL of serum using the Trizol LS rea-
gents	(Invitrogen,	Carlsbad,	CA,	USA)	following	manufacturer’s	instruc-
tions.17 Some other studies have reported that using Trizol LS reagent 
was  effective.18,19	 Briefly,	 all	 serum	 samples	 were	 centrifugated	 at	
12 000 g for 10 minutes to separate cellular debris and other solid pol-
lutants; then 200 μL of serum was mixed with l ml of Trizol LS solution; 
10 μL	of	synthetic	cel-	miR-	39	miScript	miRNA	Mimic	was	added	to	all	
samples to be used as an exogenous reference, vortexed, then incu-
bated at room temperature for 5 minutes and the Trizol protocol con-
tinued.	Finally,	total	RNA	was	dissolved	in	20	μL	of	RNase-	free	water.

The reverse transcription reaction was in a 20 μL volume contained 
1 μL reverse transcriptase, 4 μL 5× RT buffer, 2 μL antisense looped 
primer mix, 2 μL	RNA	solution,	 and	11	μL	of	RNase-	free	water.	The	
mix was incubated at 37°C for 60 minutes and 85°C for 5 minutes. 
The	products	were	stored	at	−20°C	before	running	the	real-	time	PCR.

2.3 | Quantitative real- time PCR of serum miRNAs

The reaction mixture for PCR contained 10 μL	of	SYBR	Green	PCR	
Mix	(Takara),	1	μL of universal reverse primer, 1 μL of specific sense 
primer, 2 μL	 of	 cDNA,	 and	 6	μL	 of	 RNase-	free	water.	 The	 reaction	
conditions were as follows: 95°C for 2 minutes, followed by 45 cycles 
at 94°C for 5 seconds and 60°C for 40 seconds. The amplification was 
performed	 by	 a	 Stratagene	Mx3000P	 Sequence	Detection	 System.	
The specific primers of miR- 146a, miR- 155, miR- 182, and miR- 210 
were	 bought	 from	 the	 company	 (RiboBio,	 Guangzhou,	 China).	 The	
primers	of	U6b	and	cel-	miR-	39	were	ACGCAAATTCGTGAAGCGTT	
and	CACCGGGTGTAAATCAGCTTG,	respectively.	Both	U6b	and	cel-	
miR- 39 were used as reference controls.17 Relative expression of each 
miRNA	 was	 calculated	 using	 the	 comparative	 cycle	 threshold	 (CT)	
method (2−ΔΔCT).20	The	expression	levels	of	miRNAs	were	calibrated	
relative to healthy controls.

2.4 | Foxp3 mRNA expression

Foxp3	mRNA	 expression	 in	 peripheral	 blood	mononuclear	 cells	 was	
measured by reverse transcription PCR (RT- PCR). Specific PCR primers 
of	Foxp3	were	5′-	GAGAAGGAGAAGCTGAGTGCCAT-	3′	(forward)	and	
5′-	AGCAGGAGCCCTTGTCGGAT-	3′	 (reverse).	 The	 amplification	was	
performed	using	a	Stratagene	Mx3000P	Sequence	Detection	System.

2.5 | Statistical analysis

The	relative	levels	of	miRNAs	were	expressed	as	mean±SEM.	Differences	
in	serum	levels	of	miRNAs	among	groups	were	evaluated	by	a	nonpara-
metric test (Mann- Whitney test or Wilcoxon paired test). Receiver op-
erating characteristics (ROC) curves were performed to measure the 
diagnostic	 efficiency.	 The	 associations	 between	 serum	 miRNAs	 and	

TABLE  1 Clinical characteristic of the participants

Characteristics GD patients Healthy controls

M/F 24/56 22/43

Age 36.43±12.82 37.60±7.21

M/F M/F

Alcohol	abuse 4/1 3/1

Smoking 7/6 6/5

Skin	lesion 3/6 0/0

Ophthalmopathy 9/20 0/0

Thyroid size

Normal/I 7/17 22/43

II/III 17/39 0/0

FT3 (p mol/L) 26.82±14.12 4.52±1.36

FT4 (p mol/L) 69.82±29.33 16.21±3.58

TSH	(m	IU/L) 0.020±0.082 1.21±0.73

TgAb	(IU/mL) 673.81±870.48 Negative

TPOAb	(IU/mL) 210.47±211.92 Negative

TRAb	(IU/L) 16.37±14.20 Negative

The	quantity	data	are	expressed	as	mean	±	standard	deviation.	M/F:	male/
female;	Normal:	thyroid,	impalpable	and	invisible;	I:	thyroid,	palpable	and	
invisible; II/III: thyroid, palpable and visible.
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clinical	 parameters	 were	 investigated	 by	 Spearman’s	 rank	 correlation	
test.	All	statistical	analyses	were	performed	by	SPSS	17.0.	In	addition,	P 
values of less than 0.05 were considered statistically significant.

3  | RESULTS

3.1 | The clinical characteristics of participants

Eighty	newly	diagnosed	GD	patients	and	65	healthy	controls	were	re-
cruited, and the clinical characteristics of the participants were shown 
in Table 1.	The	mean	age	was	36.43±12.82	years	for	GD	patients	and	
37.60±7.21	years	for	healthy	controls.	There	was	no	significant	dif-
ference	between	GD	patients	and	healthy	controls	 in	age	or	gender	
(P=.513; P=.621).

3.2 | The serum levels of miRNAs in GD patients and 
healthy controls

As	shown	in	Figure	1,	the	serum	level	of	miR-	210	in	GD	patients	was	
significantly higher than that of healthy controls (2.64- fold, P<.001, 
Figure	1A).	Figure	1C	and	D	shows	that	the	serum	levels	of	miR155	
and	 miR146a	 in	 GD	 were	 lower	 compared	 with	 healthy	 controls	
(P<.001 and P=.008, respectively). In addition, no significant differ-
ence	was	found	in	the	levels	of	serum	miR-	182	between	GD	patients	
and healthy controls (P=.290,	Figure	1B).

To	 evaluate	 the	 diagnostic	 value	 of	 these	 serum	miRNAs,	 receiver	
operating characteristic (ROC) curve analysis was performed. The area 
under	ROC	(AUC)	of	miR-	210	was	0.803±0.036	(95%	CI:	0.731-	0.874,	
P<.001;	Figure	2A).	At	 the	cutoff	value	of	1.424	for	miR-	210,	 the	sen-
sitivity	was	70.0%	and	the	specificity	was	83.1%.	miR-	155	had	an	AUC	
of	0.796±0.039	(95%	CI:	0.719-	0.872,	P<.001;	Figure	2B)	and	miR-	146a	
had	an	AUC	of	0.736±0.043	(95%	CI:	0.653-	0.820,	P<.001; Figure 2C). 

When the cutoff values for miR- 155 and miR- 146a reach 0.720 and 
0.761, the sensitivity and specificity were 76.3% and 76.9%, and 68.8% 
and	73.8%,	respectively.	Combined	analysis	of	three	miRNAs	yielded	an	
improved	AUC	value	of	0.976±0.010	(95%	CI:	0.956-	0.997)	with	91.3%	
sensitivity and 93.8% specificity. To determine whether the serum levels 
of	three	miRNAs	have	clinical	values	for	GD	diagnosis,	the	positive	predic-
tive	value	(PPV),	negative	predictive	value	(NPV),	and	diagnostic	efficiency	
were	calculated.	As	shown	in	Table	2,	the	PPVs	for	three	miRNAs	were	
all	higher	than	76%,	NPVs	were	higher	than	65%.	At	the	same	time,	the	
diagnosis	efficiencies	of	three	miRNAs	were	all	higher	than	71%.	In	ad-
dition,	combination	of	three	miRNAs	showed	the	further	improved	PPV	
(94.81%)	and	NPV	(84.71%)	with	92.41%	diagnostic	efficiency.	These	re-
sults indicated that miR- 210, miR- 155, and miR- 146a have great value on 
the	diagnosis	of	GD	and	could	be	as	potential	biomarkers	for	GD.

3.3 | The correlation of serum miRNAs and clinical 
features of GD

As	 the	 serum	miRNAs	 (miR-	210,	miR-	155,	 and	miR-	146a)	were	 sig-
nificantly	 different	 in	 GD	 patients,	we	 assessed	 the	 association	 be-
tween	serum	miRNAs	and	clinical	features.	Serum	miRNAs	were	not	
associated	with	 potential	 confounding	 factors	 such	 as	 smoking	 and	
alcohol abuse (P>.05).	As	shown	in	Figure	3A,	the	serum	level	of	miR-	
210	was	higher	in	GD	with	II/III	goiter	than	that	of	GD	patients	with	
Normal/I	goiter	(P=.014) and the levels of miR- 155 was lower (P=.011). 
However,	no	significant	difference	was	 found	 in	 the	serum	 levels	of	
miR-	146a	between	GD	patients	with	Normal/I	goiter	and	II/III	goiter.	
Our	results	also	indicated	that	serum	levels	of	miRNAs	were	associated	
with	the	gender	of	GD	patients.	The	level	of	miR-	210	was	much	higher	
in	female	GD	patients	 (P=.014,	Figure	3B)	and	the	 levels	of	miR-	155	
and miR- 146a were lower (P=.019 and P=.045,	respectively).	No	asso-
ciation was found between the males and females of controls (P>.05).

F IGURE  1 The serum levels of miR- 
210	(A),	miR-	182	(B),	miR-	155	(C),	and	
miR146a	(D)	in	GD	patients	and	healthy	
controls.	Data	given	were	the	mean	±	
standard	deviation.	Healthy	controls	were	
normalized to 1
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3.4 | The relationship between serum miRNAs and 
biochemical indexes

In	order	to	determine	whether	thyroid	dysfunction	could	affect	miRNA	
expression, we performed analysis about the relationship between 
serum	miRNAs	and	biochemical	indexes.	Figure	4	shows	that	the	serum	
level of miR- 210 was positively correlated with FT4 (r=.3065, P=.0057) 
and	 TRAb	 (r=.4145, P=.0002).	 However,	 miR-	210	 was	 not	 associ-
ated with FT3 (P=.5801),	TSH	(P=.9940),	TGAb	(P=.666),	and	TPOAb	
(P=.171, data not shown). In addition, the serum levels of miR- 155 and 
miR-	146a	were	not	associated	with	FT3,	FT4,	TSH,	TGAb,	TPOAb,	and	
TRAb	(data	not	shown).	Moreover,	there	was	no	association	between	
the	serum	levels	of	miRNAs	and	the	age	or	onset	age	of	GD	patients.

Our	previous	study	showed	that	Foxp3	mRNA	expression	 in	GD	
was lower than that of healthy controls. To support the inference of 

the	importance	of	Foxp3	expression	and	these	miRNAs,	the	linear	cor-
relation analysis was performed. Figure 4D shows that miR- 210 was 
negatively	correlated	with	Foxp3	 relative	expression	 in	GD.	No	cor-
relation	was	found	in	other	miRNAs	(P>.05, data not shown).

4  | DISCUSSION

In this study, we investigated the association of four serum Treg- associated 
miRNAs	between	GD	patients	and	healthy	controls.	We	found	that	the	
serum	level	of	miR-	210	was	higher	in	GD	patients,	and	the	levels	of	miR-	
155 and miR- 146a were decreased compared with healthy controls.

The	roles	of	miRNAs	in	autoimmune	disease	have	attracted	more	
and more attentions of researchers. Recently, several studies con-
firmed	 that	 serum	 levels	 of	 miRNAs	 showed	 differential	 profiles	 in	

F IGURE  2 ROC curve analysis of miR- 
210	(A),	miR-	155	(B),	and	miR-	146a	(C)	
in	the	discrimination	of	GD	patients	from	
healthy controls
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Variables miR- 210 (%) miR- 155 (%) miR- 146a (%) Combination (%)

Sensitivity 70.00 76.30 68.80 91.30

Specificity 83.10 76.90 73.80 93.80

PPV 83.58 80.26 76.39 94.81

NPV 69.23 72.46 65.75 89.71

Diagnostic efficiency 75.86 76.55 71.03 92.41

PPV,	positive	predictive	value;	NPV,	negative	predictive	value.

TABLE  2 The diagnostic value between 
GD	and	healthy	controls
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autoimmune disease, such as systemic lupus erythematosus and mul-
tiple sclerosis.21,22 Consistent with these results, our study showed 
that	different	serum	miRNAs	were	associated	with	GD.	Several	studies	
suggested	 that	miR-	210	could	be	used	as	 a	biomarker	 in	 congestive	
heart failure, breast cancer, renal cell cancer, and so on.23-25 In addition, 
there was a study reported that increased miR- 210 induced immune 
dysfunction via by Foxp3 in CD4+T cells of psoriasis vulgaris and miR- 
210 targeted Foxp3 to modulate the immunosuppressive functions of 
Treg cells.10	 Hiratsuka	 et	al.26	 indicated	 that	 GD	 patients	 had	 about	
three- fold increase in miR- 210 level compared with healthy controls. 
On the other hand, we found that the serum level of miR- 210 was 
higher	 in	GD	patients	and	a	positive	correlation	between	the	thyroid	
size	of	GD	and	serum	miR-	210.	 In	addition,	miR-	210	was	negatively	
correlated with Foxp3 relative expression. In one of our previous study, 
the	expression	of	Foxp3	was	decreased	in	GD	patients	compared	with	
healthy  controls.8	 Besides,	Mao	 et	al.5 reported that the number of 
CD4+CD25+ Tregs was decreased too. These results indicated that the 
increased serum miR- 210, by targeting Foxp3, may be associated with 
the	inhibited	Foxp3	expression	and	Tregs	dysfunction	of	GD.

Several studies have demonstrated that the Foxp3 target miR- 155 
contributed to the development of Tregs.14,27	Besides,	Lu	et	al.	have	
showed that Foxp3- dependent regulation of miR155 maintained com-
petitive fitness of Tregs subset by targeting SOCS1.13 From above, we 
supposed that miR- 155 may play an important role in the develop-
ment	of	Treg-	mediated	GD.	 In	our	data,	 the	serum	 level	of	miR-	155	
was	lower	in	GD	patients,	especially	in	female	GD	patients.	In	addition,	
the	serum	level	of	miR-	155	was	lower	in	GD	patients	with	II/III	goiter	
than	Normal/I	goiter.	Therefore,	the	decreased	serum	miR-	155	may	be	
associated with decreased Foxp3 expression and Tregs dysfunction in 
GD	patients.	MiR-	146a	was	indispensable	for	suppression	mediated	by	
Tregs	in	vivo.	Besides,	excessive	activation	of	Stat1	in	Tregs	was	kept	in	
check	by	miR-	146a	to	ensure	efficient	control	of	spontaneous	IFN-	γ- 
dependent Th1- mediated immunopathology and prevented deviation 
of	activated	Treg	cells	into	IFN-	γ-	producing	Th1-	like	cells.15 We found 
that	the	serum	level	of	miR-	146a	was	lower	in	GD	in	our	study.	A	pre-
vious study has showed that miR- 146a was significantly decreased 
in	 thyroid	 tissue	of	GD	 than	 the	control.28	 In	 contrast,	Nakasa	et	al.	
demonstrated that miR- 146a was highly expressed in rheumatoid 

F IGURE  3 Correlation	of	three	serum	miRNAs	(miR-	210,	miR-	155,	and	miR-	146a)	and	the	extent	of	goiter	and	the	gender	of	GD	patients.	
(A)	Differential	serum	levels	of	three	miRNAs	from	GD	patients	with	normal/I	goiter	or	II/III	goiter.	(B)	Differential	serum	levels	of	three	miRNAs	
from	female	GD	patients	and	male	GD	patients.	All	data	were	normalized	by	healthy	controls

F IGURE  4 Linear relationships of serum 
miR-	210	with	FT3	(A),	FT4	(B),	TRAb	levels	
(C), and Foxp3 relative expression (D)
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arthritis	 (RA)	 synovial	 tissue.29	As	we	 know,	GD	 is	 characterized	 by	
the	 production	 of	Th2-	cytokines,	while	 RA	 is	 characterized	 by	Th1-	
cytokines,	leading	to	the	difference.	We	speculated	that	the	decreased	
serum miR- 146a may be associated with low- Th1 response and domi-
nant	Th2	response	in	GD.

We	also	found	that	the	serum	levels	of	miRNAs	were	different	be-
tween	female	GD	patients	and	male	GD.	The	difference	may	be	caused	
by	the	location	of	Foxp3,	which	is	located	on	Xp11.23	and	as	a	key	factor	
controls	the	development	and	function	of	Tregs.	Although	we	suppose	
that the underlying autoimmune condition will be responsible for the 
different	expression	of	serum	miRNAs,	it	remains	possible	that	thyroid	
function	could	disturb	the	expressions	of	those	serum	miRNAs.	In	our	
study, we only found that serum miR- 210 expression was positively cor-
related	with	the	TRAb	and	FT4	level.	Serum	miR-	155	and	miR-	146a	in	
GD,	unaffected	by	thyroid	dysfunction	itself,	may	be	associated	with	the	
autoimmune	condition.	Although	our	present	 study	 lacks	 the	data	 re-
garding disease activity, prognostic and pathogenesis, the ROC analysis 
showed	that	these	serum	miRNAs	had	a	moderate	sensitivity	and	speci-
ficity	to	distinguish	GD	patients	from	healthy	controls.	Notably,	combina-
tion of miR- 210, miR- 155, and miR- 146a yielded significantly improved 
PPV	(94.81%)	and	NPV	(84.71%)	with	92.41%	diagnostic	efficiency.

In	conclusion,	serum	miR-	210	level	in	GD	patients	was	significantly	
higher in comparison to healthy controls. On the contrary, the serum 
levels	of	miR-	155	and	miR-	146a	were	lower	in	GD	patients.	Besides,	
serum	miR-	210	and	miR-	155	in	GD	patients	were	associated	with	the	
extent of goiter. In the clinical molecular diagnosis of personalized 
medicine, the serum miR- 210, miR- 155, and miR- 146a may serve as 
potential	markers	for	GD	and	play	important	roles	in	GD	pathogenesis.	
However,	larger	sample-	based	studies	are	needed	to	verify	the	useful-
ness	of	these	miRNAs	in	the	GD	diagnosis	and	pathogenesis.
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