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Circulating levels of miR-146a and IL-17 are significantly
correlated with the clinical activity of Graves’ ophthalmopathy
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Abstract. Graves’ ophthalmopathy (GO) is a common autoimmune disease that is difficult to deal with due to limited
clinical evaluation methods. Recently miR-146a and Interleukin-17 (IL-17) have been found to be involved in autoimmune
disorders and correlated with disease activity. However, it is unclear whether they are involved in Graves’ ophthalmopathy
(GO). The aim of this study is to investigate the correlation of circulating levels of miR-146a and IL-17 with clinical
activity in GO patients. Fifty-seven study subjects were enrolled in four groups according to the corresponding criteria:
active-GO, inactive-GO, Graves disease (GD) without ophthalmopathy, and healthy control group. The circulating levels
of miR-146a and IL-17 were determined by qRT-PCR and ELISA, respectively. Serum IL-17 levels of GD, inactive-GO,
and active-GO groups were all significantly higher than that of control (all P<0.001). Active-GO group had significantly
higher IL-17 level than inactive-GO and GD groups (P=0.024 and P=0.001, respectively). Active-GO and inactive-GO
group had significantly lower miR-146a expressions than control (£<0.05). Active-GO group had significantly lower miR-
146a than inactive-GO group (P<0.05). Serum levels of IL-17 and miR-146a were both significantly correlated with
clinical activity score (CAS) in GO patients (P<0.001, P<0.001, respectively). There was a significant negative correlation
of circulating miR-146a expression with serum IL-17 levels (P<0.01). These findings indicated that circulating levels of

miR-146a and IL-17 may be potential biomarkers of active GO, and may play a key role in the progression of GO.
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GRAVES’ OPHTHALMOPATHY (GO) is a rela-
tively common eye disease whose exact etiology and
underlying mechanism still remain to be clarified. It is
also called thyroid-associated ophthalmopathy (TAO),
indicating that it is an organ-specific autoimmune dis-
ease [1]. Increasing evidence has accumulated to show
that microRNAs (miRNAs), a class of short non-cod-
ing RNAs, play an important negative regulatory role
in the process of autoimmune disease [2]. MiRNAs
suppress gene expression by binding to the 3’-untrans-
lated region (UTR) of target miRNAs, which presents
an entirely new approach to posttranscriptional reg-
ulation of gene expression. In 2008, Mitchell et al.
found that miRNAs were present in human plasma in a

remarkably stable form that was protected from endog-
enous RNase activity [3], indicating that they are likely
involved in the immune response, such as inflamma-
tion and autoimmune disease.

Since then MiR-146a has been found to participate in
the pathogenesis of autoimmune diseases such as rheu-
matoid arthritis (RA), systemic lupus erythematosus
(SLE), and multiple sclerosis (MS) [4, 5, 6]. In innate
immune reaction, miR-146a plays a key role in the reg-
ulation of inflammation through down-regulation of
target gene (IRAK1) [7, 8, 9]. However, it is unclear
whether miR-146a plays a role in the activity of GO.

Recently, miR-146a and IL-17 have been attract-
ing more and more attention in autoimmune diseases.
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IL-17 has been found to be correlated with miR-146a in
rheumatoid arthritis (RA) patients [10] and the serum
IL-17 level in GO patients was reported to be asso-
ciated with the activity of GO [11]. However, these
studies did not include data on Grave’s disease (GD)
without ophthalmopathy. Thus, it is unclear whether
serum IL-17 was a specific biomarker of active GO, or
whether there was any correlation between miR-146a
and IL-17 in GO patients.

The expression pattern of miR-146a in the plasma of
GO patients thus remains unclear. In the present study, we
enrolled fifty-seven subjects, including GD, inactive-GO,
active-GO patients and healthy controls, to determine the
circulating levels of miR-146a and IL-17 and to analyze
their correlations with clinical activity score (CAS).

Materials and Methods

Study subjects

This study was approved by the ethics committee of
Nanfang Hospital, Southern Medical University. Fifty-
seven subjects were enrolled from Nanfang Hospital,
Southern Medical University during the period from
February 2012 to November 2013. Informed consent
was obtained by the patients and control subjects.

Subjects were divided into four groups: GD group,
active-GO group, inactive-GO group, and healthy con-
trol group according to the following criteria. (1) GD
without ophthalmopathy group (GD group, n=15, 8
male and 7 female cases, aged 24—63 (46.6+11.6)yr).
These patients were diagnosed as GD by typical symp-
toms of hyperthyroidism and laboratory examination of
free triiodothyronine (FT3), free thyroxin (FT4), thy-
roid stimulating hormone (TSH), and thyroid hormone
receptor antibody (TRAD), ruling out other kinds of
hyperthyroidism such as autonomous hyperfunctioning
adenoma. (2) Active-GO group (n=14, 5 male and 9
female cases, aged 2564 (40.3£12.6)yr), with CAS of
3 points or more. Diagnostic criteria included primary
disease, ocular symptoms and signs, laboratory exami-
nation (FT3, FT4, TSH, TRAD) and radiographic find-
ings, excluding other causes of exophthalmos, other
immune system disorders, other metabolic and infec-
tious diseases, and patients with malignant tumors. (3)
Inactive-GO group (n=13, 6 male and 7 female cases,
aged 27-63 (38.5£11.3)yr). The diagnosis and exclu-
sion standard were the same as with active-GO group,
but the CAS score was less than 3 points. None of the
patients in these groups were treated by corticosteroids
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any other immunosuppressive therapy. (4) Healthy
control group (n=15, 8 male and 7 female cases, aged
16—71 (44.3£16.2)yr), without thyroid disease, auto-
immune disease, liver disease or history of immuno-
suppressive therapy.

Sample preparation

Blood samples were obtained in the morning follow-
ing 12 hr of fasting. They were collected into empty
tubes and immediately stored on ice at 4°C. The plasma
was then separated by centrifugation at 1,500 rpm for
10 min. The serum was separated from the cells by
centrifugation at 3,000 rpm for 10 min. Plasma and
serum samples for the measurement of miR-146a and
IL-17 levels were stored at -80°C until use.

Measurement of serum IL-17 levels

Serum levels of IL-17 were determined by human
cytokine ELISA kits (Shanghai Joyee Biotechnics Co.,
Ltd., Shanghai, China) according to manufacturer’s
instructions. The detection limit of the IL-17 assay
was 1800 pg/L and the intra-assay and inter-assay
coefficients of variation were less than 10% and 15%,
respectively.

Determination of circulating miR-146a expression
RNA was isolated from plasma samples as previ-
ously described [3]. Total RNA was isolated from
freshly obtained plasma using the Trizol kit (Takara
Biotechnology (Dalian) Co., Ltd, Japan), in accordance
with the manufacturer’s protocol. Briefly, to extract the
total RNA, 1000 pL plasma was spun at 12,000 rpm
for 10 min, 4°C. 1 mL Trizol (Takara Biotechnology
(Dalian) Co., Ltd, Japan) was added into the tube which
contained the plasma at room temperature. Then 0.2
mL chloroform was added into the same tube, shake it
for 15 sec. The tube was spun at 12,000 rpm for 10 min,
4°C. The supernatant in the tube was carefully removed
to the new tube. The isopyknic isopropyl alcohol was
then added into the new tube above and was spun at
12,000 rpm for 10 min, 4°C. The supernatant in the
tube was removed. Add 1 mL 75 % DEPC alcohol into
the tube to wash precipitation. And the tube was spun
again at 12,000 rpm for 5 min, 4°C. The liquid of the
tube was removed. Add 30 uL RNase free water into
the tube to dissolve RNA. Store the RNA at -80°C.
Reverse transcription kit (Takara Biotechnology
(Dalian) Co., Ltd, Japan) was used to generate cDNA
from the total RNA. The reactive conditions were
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37°C for 15 min, 85°C for 5 sec, 4°C for 5 sec. Then
the products were collected for real time quantitative
PCR (qRT-PCR). TAKARA SYBR ® Premix Ex Taq
kit which contained 12.5 pL. SYBR ® Premix Ex Taq
TM, 0.2 pL PCR Forward Primer, 0.2 uL PCR Reverse
Primer, 3.0 uL. ¢cDNA and 9.1 pLL dH20 was used for
gRT-PCR. The conditions of the reaction were 94°C
for 2 min, 94°C for 30 sec, 55°C for 30 sec, 72°C for
30 sec. The primers of miR-146a used were: Forward:
CAC TCC AGC TGG GTG AGA ACC TCA ACT
GGT GTC GTG GA. Reverse: CTC AAC TGG TGT
CGT GGA GTC GGC AAT TCA GTT GAG AAC
CCA TG. U6 as Control: Forward: CTC GCT TCG
GCA GCA CA; Reverse: AAC GCT TCA CGA ATT
TGC GT. Relative quantification of miR-146a expres-
sion was calculated with the 2-AACt method. In this
way, the values of miR-146a expression obtained by
qRT-PCR could be normalized using U6.

Other parameters

Serum FT4, FT3 and TSH concentrations were mea-
sured by electrochemiluminescence (commercial kits
by Roche, Switzerland; normal values in our labora-
tory: 0.89-1.76 ng/dL and 2.5-4.2 pg/mL for FT4 and
FT3, respectively; 0.55-4.78 mIU/L for TSH). TRADb
was measured by the corresponding immunoradiomet-
ric assay kit by RSR Ltd. Co., Cardiff, U.K.; normal
values were less than 10%. Intra- and interassay coef-
ficients of variation, for all assays, were less than 10%
and less than 20%, respectively. They were all mea-
sured by the laboratory of Nanfang Hospital.

Statistical analysis

Data were expressed as mean + SD using SPSS
13.0 for statistical analysis. Statistical significance
was determined by one-way ANOVA. Differences of
measurement data among the groups were analyzed by
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testing homogeneity of variances. LSD (least signifi-
cant difference) test was used under an equal condition.
While the homogeneity of variances was not equal,
Dunnett’s T3 test was used to compare the differences
between groups and Spearman rank correlations were
calculated between the nonparametric data.

Results

Fourteen active-GO patients, 13 inactive-GO
patients, 15 GD patients, and 15 healthy controls were
enrolled in this study. There were no significant differ-
ences in age, sex, degrees of exophthalmus, or levels of
FT3, FT4, TSH or TRAD (P>0.05) as shown in Table 1.
The active-GO group had higher CAS than the inac-
tive-GO group (P<0.001).

Serum IL-17 levels of GD group (n=15), inactive-
GO (n=13) and active-GO group (n=14) were all sig-
nificantly higher than that of control group (n=15) (all
P<0.001). The active-GO group had a significantly
higher IL-17 level than the inactive-GO and GD group
(P=0.024, P=0.001 respectively). However, there was
no significant difference between inactive-GO group
and GD group (P=0.104), as shown in Table 2. Serum
IL-17 level was significantly correlated with CAS in
GO patients (n=27, r=0.868, P<0.001) (Fig. 1).

There was no significant difference in circulating
miR-146a expression between GD group and control
group (P=0.197). But the active-GO group and the
inactive-GO group had significantly lower miR-146a
expressions than the control group (P=0.002, P=0.009
respectively). The active-GO group had significantly
lower levels of miR-146a than the inactive-GO group
(P=0.039) (Fig. 2A). There was a significantly neg-
ative correlation between circulating miR-146a and
CAS (n=27, r=-0.738, P<0.001) (Fig. 2B). There was
also a significant negative correlation between circulat-

Table 1 Comparison of clinical characteristics of each group

Group ((352{1’50)1 (n(i]i)S) Ina(cﬁlzvleg )G 0 A(ngi;go F/t-value P-value
Sex (male/female) 8/7 8/7 6/7 5/9 0.379 0.768
Age (years) 44.3£16.2 46.6£11.6 38.5+11.3 40.3£12.6 1.139 0.342
Free T3 (pg/mL) NA 7.83+5.62 5.44+2.52 7.47£5.02 0.964 0.391
Free T4 (ng/dL) NA 5.15+3.09 3.13£3.26 4.09+4.33 1.063 0.356
TSH (mIU/L) NA 0.0082+0.01459  0.0898+0.1945  0.0372+0.0576 1.813 0.177
TRAD (%) NA 80.67+20.47 70.49+22.95 74.25+20.08 0.674 0.517
Exophthalmos (mm) NA NA 19.83+2.44 19.61+2.03 0.243 0.810
CAS NA NA 1.69+0.480 4.21+0.975 8.618 <0.001

Values are mean + SD. NA, not applicable.
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Table 2 Serum levels of IL-17 in each group

Group IL-17(pg/L)
Controls (n=15) 1859.3+438.3 #
GD (n=15) 5266.9+1781.6
Inactive-GO (n=13) 6698.9+1214.7 7
Active-GO (n=14) 9388.1+2811.1 7"
F value 96.63

P value <0.001

Values are mean + SD. “7P<0.001 vs. Controls, #P<0.05 vs.
Active-GO, "P<0.01 vs. Active-GO.
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Fig. 1 Correlation between CAS and IL-17 levels in GO pa-
tients. Levels of IL-17 in serum positively correlated with
CAS (1=0.868, P<0.001) in GO patients.
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Relative expression of miR-146a in plasma and the association with CAS. **P<0.01 vs. Control group, #P<0.05 vs. Active GO

group. Relative expression of miR-146a (Fig. 2A) in plasma of GD group had no statistical difference (P=0.179) with normal
control group. Active GO group and inactive GO group were significantly lower than control group, the differences were sta-
tistically significant (**P=0.002, **P=0.009, respectively). Expression of miR-146a of active GO group was lower than inactive
GO group expression (#P=0.039). Relative expression of miR-146a (Fig. 2B) in plasma of GO patients negatively correlated

with CAS (r=-0.738, P<0.001).
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Fig. 3 Correlation between expression of miR-146a and IL-17
levels in GO patients. In GO patients, the relative expres-
sion of miR-146a in plasma was negatively correlated
with IL-17 in serum (r=-0.563, P=0.003).

ing miR-146a expression and serum IL-17 level (n=27,
r=-0.563, P=0.003), as shown in Fig. 3.

Discussion

GO, especially active GO, has long been a great
challenge to endocrinologists. Active GO has been
found to give priority to Thl cells immune response,
while inactive GO mainly gives priority to Th2 cells
immune response [12]. Most recently a set of CD4 +
effect T cells subgroup, namely, the Th17 cells, which
are completely different from Thl and Th2 cells in
terms of biological functions [13] and characterized
by their ability to produce large numbers of IL-17, has
been found to be closely correlated with autoimmune
disorders [14]. IL-17 acts as a proinflammatory cyto-



miR-146a and IL-17 in GO

kine to induce target cells to produce chemotactic fac-
tors and increase colony stimulating factors.

Accumulated evidence has shown that there are
high serum IL-17 levels in a variety of autoimmune
diseases, leading researchers to conjecture that 1L-17
may be involved in the pathogenesis of various auto-
immune disorders [15]. Serum IL-17 level is signifi-
cantly higher in patients with SLE than healthy peo-
ple and is positively correlated with the clinical activity
of SLE [16]. IL-17 levels in serum and joint fluid of
patients with RA were associated with the severity of
the disease [17]. Patients with MS and asthma were
also found to have significantly higher serum IL-17
levels than normal [18, 19]. Our study showed that
the serum IL-17 level in active-GO patients signifi-
cantly increased compared with that of inactive-GO
group, and was positively correlated with CAS in GO
patients. These results are consistent with prior stud-
ies [11], which also demonstrated that IL-17 is a spe-
cific indicator of active GO. However, patients with
GD without ophthalmopathy were not involved in their
study. In our study we found that there was no signif-
icant difference between GD and inactive-GO group,
which implied that high IL-17 level may be a specific
biomarker of active-GO, indicating that IL-17 may par-
ticipate in the etiology and development of GO.

The role of microRNAs in autoimmune diseases has
been attracting increasing attention among researchers.
Most recently miR-146a has been found to negatively
regulate cytokines [20]. By targeting tumor necrosis
factor receptor related factor 6 (TRAF-6) and interleu-
kin 1 receptor kinase (IRAK1), miR-146a can nega-
tively control LPS-TLR4 signaling pathways depen-
dent on NF-kappa B [9]. IRAKI1 was considered to
play a key role in regulating the differentiation pro-
cess of Th17 cells [21]. The miR-146a expression in
peripheral blood mononuclear cells (PBMCS) of RA
patients was obviously higher than that of healthy con-
trols [22]. In addition, the miR-146a in RA synovial
tissues was also significantly elevated [23]. Circulating
miR-146a levels markedly declined in SLE compared
with healthy controls [24]. MiR-146a was significantly
decreased in the thyroid tissue of GD [25]. By con-
trast our results indicated that there was no significant
difference in circulating miR-146a expression between
GD group and control group in plasma, and that the cir-
culating miR-146a expression in GO patients was not
only significantly reduced but also negatively corre-
lated with the clinical activity of GO. The discrepancy
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in the expression patterns of miR-146a among autoim-
mune diseases may be attributed to the complex mech-
anisms of the different autoimmune diseases.

There is a close correlation between miR-146a,
IRAKI1, and IL-17. The expressions of miR-146a
and IL-17 in vitiligo patches and peripheral mononu-
clear cells of psoriatic patients were found to be sig-
nificantly increased compared to those of the control
group, whereas the target gene IRAK1 expression was
expressed differentially in lesions and peripheral blood
[26]. The inability of miR-146a to inhibit IRAK1 may
contribute to the inflammatory process of psoriasis. In
patients with RA, there was also a correlation between
miR-146a and IL-17, with the IRAK1 in T cells which
produce IL-17 being negatively regulated by miR-146a
[10]. In our study, we found that the miR-146a of GO
patients was decreased and negatively correlated with
IL-17 levels. We hypothesized that the weakened abil-
ity of miR-146a, which further caused the increase of
IL-17, may have participated in the progression of GO.

In conclusion, our findings indicated that circulating
miR-146a expression and IL-17 level may be poten-
tial biomarkers of active GO. Further studies are war-
ranted to explore how miR-146a interacts with I[L-17 in
the progression of GO.
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