
Thyroid-associated ophthalmopathy (TAO), an autoim-
mune component of Graves’ disease [1], is characterized by 
expanded volume of the orbital tissues, such as orbital fatty 
tissue and extraocular muscles (EOMs), in the limited space 
of the bony orbit [2]. EOMs and orbital connective tissues 
are expanded due to inflammatory cell infiltration, extracel-
lular matrix protein accumulation, fibroblast proliferation, 
and increased amounts of orbital fatty tissue [3]. In fact, the 
EOMs are the major site of the disease process in TAO [4], 
since enlargement of the EOMs leads to orbital tissue fibrosis. 
Fibrosis is defined as overgrowth, hardening, or scarring of 
tissues, and is attributed to excess deposition of extracel-
lular matrix (ECM) components, especially collagens [5,6]. 
Although many studies have focused on the pathological 
process of fibrosis in TAO, the actual mechanism has not 
been completely elucidated. In this regard, further study is 
needed to explore the mechanism involved in the process of 
orbital fibrosis in TAO.

MicroRNAs (miRNAs) are a class of 21- to 25-nucleo-
tide single-stranded non-coding RNAs that regulate gene 
expression through binding to the mRNA 3′ untranslated 

region, leading to translational repression or mRNA degra-
dation [7]. To date, hundreds of miRNA genes have been 
found in diverse animals, and many are phylogenetically 
conserved. Multiple roles of miRNA have been identified 
in development, cell death, cell proliferation, hematopoiesis, 
and patterning of the nervous system [8]. MiR-21 (accession 
number: MIMAT0000076) is a small multifaceted RNA 
involved in several physiologic processes [9]. MiR-21 has 
attracted the attention of researchers in various fields, such as 
development, oncology, stem cell biology, and aging, and has 
become one of the most studied miRNAs. MiR-21 is highly 
expressed in cancer cells and other lesions. It is a diagnostic 
and prognostic marker and serves as a potential therapeutic 
target in several diseases [9].

TGF-β is a key pathological mediator involved in the 
progression of fibrosis [10]. Increasing evidence shows that 
TGF-β may act by regulating miRNAs to exert its biologic 
effects, such as promoting fibrosis. For example, TGF-β 
induces collagen expression and renal fibrosis by suppressing 
miR-29 expression [11]. TGF-β also induces miR-192 expres-
sion and drives renal fibrosis [12]. TGF-β enhances miR-21 
expression and mediates fibrogenic activation of pulmonary 
fibroblasts and lung fibrosis [13]. TGF-β also upregulates 
miR-21 expression in renal tissue, and thus promotes renal 
fibrosis [14].
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Purpose: This study aimed to determine the role of miR-21 in orbital fibroblasts obtained from donors with thyroid-as-
sociated ophthalmopathy (TAO) and to elucidate the regulation of fibrosis by miR-21 in the pathological process of TAO.
Methods: The expression of miR-21 was investigated in orbital tissues from 26 donors with TAO and 10 donors without 
TAO. Human orbital fibroblasts were cultivated from TAO donors, and the role of miR-21 in orbital fibroblast prolifera-
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on miR-21 expression was also analyzed. In addition, the regulation of miR-21 in TGF-β1-induced collagen production 
was determined.
Results: The expression of miR-21 in orbital fibroblasts from TAO was higher than in donors without TAO. Additional 
experiments demonstrated that miR-21 enhanced proliferation, decreased apoptosis, and promoted differentiation in 
TAO orbital fibroblasts. Moreover, this study also showed that TGF-β1 induced miR-21 expression in a time- and dose-
dependent manner and miR-21 promoted collagen I mRNA expression and total collagen production induced by TGF-β1. 
Additionally, miR-21 activated the TGF-β1/Smad signaling pathway by enhancing Smad3 phosphorylation.
Conclusions: The present study shows that miR-21 regulates cell proliferation, apoptosis, and differentiation in orbital 
fibroblasts from TAO, and acts as a mediator in TGF-β1-induced collagen production. These data predict a close associa-
tion between miR-21 and orbital muscle fibrosis, and provide a novel therapeutic target for TAO.
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MiRNA precursor molecules (miRNA mimics) are 
small, chemically modified double-stranded RNA molecules 
designed to mimic endogenous mature miRNAs, which enable 
miRNA functional analysis by the upregulation of miRNA 
activity. Anti-miRNA inhibitors are chemically modified, 
single-stranded nucleic acids designed to specifically bind 
to and inhibit endogenous miRNA molecules, which enable 
loss-of-function experiments through a decrease in miRNA 
activity. In this study, miRNA mimics and anti-miRNA 
inhibitors were used to investigate the function of miR-21 in 
orbital fibroblast fibrosis in TAO by up- or downregulating 
miRNA activity. To the best of our knowledge, this study is 
the first to evaluate the fibrotic effects of miR-21 in orbital 
fibroblasts in TAO.

METHODS

Specimens and cell lines: Fresh osteosarcoma tissue speci-
mens were collected from 26 patients with TAO undergoing 
surgery at our hospital between December 2013 and March 
2014. In addition, tissue specimens from ten patients under-
going routine non-thyroid-related strabismus surgery were 
collected as the control group. The specimens were preserved 
in liquid nitrogen immediately for subsequent testing. All 
research in human subjects adhered to the tenets of the Decla-
ration of Helsinki, and the study protocol was approved by 
the Second Xiangya Hospital’s Committee for the Protection 
of Human Subjects. Informed consent was obtained for each 
human subject.

Orbital fibroblast isolation and culture: Human orbital 
fibroblasts were cultivated from orbital fatty connective 
tissue obtained as surgical waste during decompression 
surgery for severe TAO (n=26) or during orbital surgery 
to resolve non-inflammatory conditions (n=10); the proce-
dure was performed according to a previous report [15]. 
Tissue specimens were chopped mechanically and placed 
in Dulbecco’s modified Eagle medium (DMEM; Gibco, 
Carlsbad, CA) containing 10% fetal bovine serum (FBS), 
glutamine (435 mg/ml), and 1% penicillin/streptomycin. The 
chopped tissues were allowed to attach to the bottom of the 
culture plates, and the cultures were maintained in a 37 °C, 
5% CO2, humidified environment. The medium was changed 
routinely every 3–4 days. The explants were removed when 
the fibroblasts were outgrown. The fibroblast monolayer was 
digested with trypsin/EDTA, and the cells were harvested 
after digestion and replated. Cells at passages 3–6 were used 
for the subsequent experiments.

Real-time PCR: Total RNA was extracted from the cells 
using the RNAiso Plus kit (Roche Diagnostics, Mannheim, 
Germany) according to the manufacturer’s instructions. 

The expression of mature microRNAs was determined with 
TaqMan quantitative real-time PCR using the miRNA qPCR 
detection kit (GeneCopoeia, Rockville, MD) and normalized 
using the 2-ΔΔ CT method [16] relative to small nuclear RNA 
U6 (U6 snRNA). The mRNA levels of α-smooth muscle actin 
(α-SMA) and collagen I were quantified with SYBR-Green 
quantitative real-time PCR detection kit and normalized to 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH). The 
following PCR primers were used: α-SMA, 5′-GTC CAC 
CGC AAA TGC TTC TAA-3′ (forward) and 5′-AAA ACA 
CAT TAA CGA GTC AG-3′ (reverse) and an annealing 
temperature of 53 °C [17]; collagen I, 5′-AGT GGT TAC 
TAC TGG ATT GAC C-3′ (forward) and 5′-TTG CCA GTC 
TCC TCA TCC-3′ (reverse) [18] at an annealing temperature 
of 55 °C; and GAPDH, 5′-AAT CCC ATC ACC ATC TTC 
C-3′ (forward) and 5′-GAG TCC TTC CAC GAT ACC AA-3′ 
(reverse) at an annealing temperature of 54 ºC. The PCR 
procedure was as follows: polymerase activation for 4 min 
at 95 ºC, 40 cycles of amplification each consisting of 95 
ºC for 5 s, 54 ºC for 20 s, and 72 ºC for 30 s. All PCRs were 
performed in triplicate.

Western blot: Orbital fibroblasts (5×105/well) were seeded in 
six-well plates, and the proteins from the cells were extracted 
using RIPA lysis buffer (Beyotime, Nantong, China). For 
western blotting, equal amounts of proteins were separated 
with sodium dodecyl sulfate–polyacrylamide gel electropho-
resis (SDS–PAGE) and blotted onto a prewetted nitrocellulose 
membrane (GE Healthcare, Munich, Germany), followed by 
blocking of the membranes in 10% defatted milk in 0.2 M 
phosphate buffer saline (PBS; 1X; 32 mM NaH2PO4, 168 
mM Na2HPO4, pH=7.5) at 4 °C for 4 h. The membranes 
were then probed with different primary antibodies. The 
following primary antibodies were used: mouse anti-ki67 
(1:1,000), anti-Bcl-2 (1:1,000), anti-Bax (1:1,000), anti-α-SMA 
(1:1,000), anti-p-Smad3 (1:1,000), anti-Smad3 (1:1,000), 
and anti-β-actin monoclonal antibody (1:1,000; Santa Cruz 
Biotechnology, Santa Cruz, CA). After extensive washing 
with Tris Buffered Saline Tween-20 (TBST; 25 mM Tris, 
150 mM NaCl, 0.05% Tween-20, pH=7.5 ), the membranes 
were incubated for 1 h at 25 °C with horseradish peroxidase 
(HRP)-conjugated secondary antibody (1:2,000; KangChen 
Bio-tech, Shanghai, China). Specific bands were visualized 
using enhanced chemiluminescence (ECL) reagent (Beyo-
time). Luminance was scanned using a Typhoon scanner 
(Amersham Biosciences, Piscataway, NJ). All experiments 
were performed in triplicate.

Transfection of miRNAs and siRNA: The oligonucleotide of 
anti-miR-21 and the negative control were designed according 
to a previous report [19] and synthesized by Shanghai 
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Genechem Co., Ltd. The miR-21 mimic and scrambled control 
microRNA were obtained from Bioneer Trade (Shanghai) 
Co., Ltd. For transfection, cells were seeded in 24-well plates 
and grown in antibiotic-free medium overnight until 30–50% 
confluence. After washing, about 0.4 nmol of microRNAs 
were mixed with 15 µl of Lipofectamine 2000 transfection 
reagent (Invitrogen, Carlsbad, CA), and the cells were main-
tained in a 37 °C, 5% CO2 incubator for 6 h. The medium 
was replaced after 48 h, and the expression of miR-21 was 
confirmed with quantitative PCR.

TGF-β siRNA and negative-control siRNA were 
purchased from Santa Cruz Biotechnology. About 5×104 cells 
were seeded in 24-well plates. After growing for 24 h to reach 
60–65% confluence, the cells were incubated with a mixture 
of siRNA and Lipofectamine 2000 reagent in 100 μl of serum-
free Opti-MEM (Invitrogen) according to the manufacturer’s 
instructions. The transfection efficiency was detected with 
real-time PCR and western blotting.

TGF-β1 treatment: Orbital fibroblasts were seeded at 5×103 
cells per well in 96-well plates. For the time-dependent 
TGF-β1 treatment, the medium was replaced with fresh 
DMEM containing 0.5% PBS with or without 2 ng/ml human 
TGF-β1 (R&D Systems, Minneapolis, MN) for 0, 6, 12, 24, 
48, and 72 h. For the dose-dependent TGF-β1 treatment, the 
medium was replaced with fresh DMEM containing 0, 0.5, 1, 
2, 4, and 8 ng/ml TGF-β1 after 24 h.

Cell proliferation: Cell proliferation was determined with 
the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) assay according to a previous report [20]. 
Briefly, 5×103 cells were seeded in 96-well plates and washed 
twice with PBS, and then 10 µl of MTT (5 mg/ml) was added 
to each well and incubated 37 °C for 6 h. The supernatant 
was replaced with 200 µl of isopropanol to dissolve the 
formazan crystals. Absorbance was measured at 560 nm 
with a Spectra Max Paradigm Multi-Mode Reader (Molecular 
Devices, Sydney, Austria). All experiments were performed 
in triplicate, and the results are presented as the percentage 
of control.

Cell apoptosis: To quantitatively evaluate the rate of apop-
tosis, Annexin V-propidium iodide (AV-PI) staining was 
performed. Brief ly, after pretreatment with the caspase 
inhibitor z-VAD-fmk, transfected cells were harvested and 
washed three times with PBS. Then, cells were centrifuged 
for 10 min, followed by suspension in 500 µl of binding 
buffer including 5 µl of fluorescein isothiocyanate (FITC)-
conjugated Annexin V. Following incubation for 10 min in 
the dark, 5 µl of propidium iodide (PI) was added. Ultimately, 
all specimens were assessed by flow cytometry with a FACS-
Calibur using CellQuest software (Becton Dickinson, San 

Jose, CA). The results are shown as a percentage of the total 
cells counted.

Measurement of collagen content: The total collagen content 
was measured using the Sircol collagen assay kit (Biocolor 
Lifescience, Belfast, England) according to the manufactur-
er’s instructions. Briefly, 5×103 cells were seeded in 96-well 
plates and then incubated for 24 h at 4 °C with stirring. After 
centrifugation, 100 µl of the supernatant of each well was 
transferred to 1.5 ml centrifuge tubes and used for the assay. 
To each tube, 1.0 ml of Sircol dye reagent was added. The 
tubes were then placed on a gentle mechanical shaker for 30 
min at 4 °C. Then, the tubes were centrifuged at 11,181 ×g 
for 10 min. After centrifugation, the pellet was suspended 
in 750 μl of ice-cold acid-salt wash reagent and centrifuged 
again. Then, 250 µl of alkali reagent was added to each well, 
and the tubes were placed on a gentle mechanical shaker. 
Finally, each sample (200 µl) was transferred to the individual 
wells of a 96-well plate and read at 540 nm with a spectro-
photometer. The total collagen content was also determined 
by assaying the cell protein content.

Statistical analysis: Data are presented as mean ± standard 
deviation (SD) from a minimum of three experiments. 
Statistical analyses were performed using SPSS19.0 software 
(SPSS, Chicago, IL). Statistical significance was assessed 
with the Student t test. A p value <0.05 was considered statis-
tically significant.

RESULTS

MiR-21 is highly expressed in human thyroid-related eye 
disease tissues: Expression of miR-21 is significantly upregu-
lated in fibrotic-related disease and exerts a vital role in the 
progression of fibrosis. However, the related role of miR-21 
in thyroid-related eye disease tissues remain poorly under-
stood. We examined miR-21 expression in orbital fibroblasts 
from normal (n=10) or TAO (n=26) tissues. The results show 
that the expression levels of miR-21 were obviously higher 
in orbital fibroblasts from TAO tissues than those from the 
normal human eye tissues (p<0.05, Figure 1). Collectively, 
these results suggest dramatic upregulation of miR-21 in 
orbital fibroblasts from TAO donors.

MiR-21 promotes orbital fibroblast proliferation: To inves-
tigate the effect of miR-21 on the progression of fibrosis in 
TAO, we successfully downregulated the expression levels of 
miR-21 in TAO orbital fibroblasts by anti-miR-21 and upregu-
lated levels by transfection with an miR-21 mimic, as detected 
with real-time PCR (p<0.05, Figure 2A). Additional MTT 
analysis confirmed that miR-21 inhibition by anti-miR-21 
sharply decreased orbital fibroblast proliferation compared 
to the control. In contrast, overexpression of miR-21 by 
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Figure 1. Expression of miR-21 
in orbital fibroblasts from the eye 
tissue of normal subjects (n=10) 
or TAO donors (n=26). Results are 
expressed as mean ± standard devi-
ation (SD; *p<0.05 versus control).

Figure 2. Effect of miR-21 on the 
proliferation of orbital fibroblasts 
from TAO donors (n=3). A: Real-
time PCR shows miR-21 expression 
after different treatments. B: The 
proliferation of anti-miR-21 and 
miR-21 mimic transfected cells. 
C: Western blot analysis of the 
protein level of Ki67. D: Quantifi-
cation of the protein band density 
in panel C. Results are expressed 
as mean ± standard deviation (SD; 
*p<0.05 versus control). Data are 
representative of three independent 
experiments.
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mimic transfection aggregated the growth of orbital fibro-
blasts (p<0.05, Figure 2B). Moreover, anti-miR-21 treatment 
significantly inhibited Ki67 protein expression, whereas the 
miR-21 mimic obviously promoted Ki67 protein expression 
(p<0.05, Figure 2C,D).

MiR-21 inhibits orbital fibroblast apoptosis: To explore 
whether cell apoptosis is associated with orbital fibroblast 
growth promotion induced by miR-21, we assessed orbital 
fibroblast apoptosis with Annexin V-FITC and PI staining 
using flow cytometry. As shown in Figure 3A, after treat-
ment with anti-miR-21, dramatic upregulation in the number 
of apoptotic cells was observed. In contrast, transfection with 
the miR-21 mimic obviously decreased the ratio of apoptotic 
cells (all p<0.05, Figure 3B). Furthermore, the induction of 
apoptosis was further manifested by the expression of Bcl-2 
and Bax. Anti-miR-21 suppressed Bcl-2 whereas it induced 
Bax expression; conversely, miR-21 overexpression triggered 
a significant increase in Bcl-2 and decreased Bax protein 
expression (p<0.05, Figure 3C,D). These results indicate that 
miR-21 acts as an antiapoptosis factor in orbital fibroblasts.

MiR-21 promotes orbital fibroblast development: Fibroblast-
to-myofibroblast differentiation is a critical process in the 
pathogenesis of several fibrotic diseases, including TAO. To 
determine whether miR-21 might affect this process, differen-
tiation was induced with 2 ng/ml TGF-β1 for 24 h. Real-time 
PCR and western blot analysis demonstrated that the mRNA 
and protein levels of α-SMA, a biomarker of myofibroblast 
differentiation, were markedly downregulated by anti-miR-21 

but upregulated by the miR-21 mimic (p<0.05, Figure 4). 
These results indicate that miR-21 may promote myofibro-
blast differentiation induced by TGF-β1.

Promotion of miR-21 expression by TGF-β in orbital fibro-
blasts: We next examined the influence of TGF-β1 on miR-21 
levels in TAO orbital fibroblasts. Cells were treated with 2 
ng/mL of TGF-β1 for 0, 6, 12, 24, 48, and 72 h, and miR-21 
levels in culture media were analyzed with real-time PCR. 
The results show that TGF-β1, but not PBS, induced miR-21 
expression in a time-dependent manner, with peak expression 
observed after 24 h of treatment (p<0.05, Figure 5A). Incuba-
tion of such cells for 24 h with a range of TGF-β1 concen-
trations (0.5–8 ng/mL) caused a dose-dependent increase 
in miR-21 (p<0.05, Figure 5B). Moreover, the induction of 
miR-21 expression by TGF-β1 was inhibited by TGF-β1 
siRNA but not by control siRNA (p<0.05, Figure 5B).

MiR-21 promotes TGF-β-induced collagen production 
in orbital fibroblasts: To evaluate the effect of miR-21 on 
collagen production in TAO orbital fibroblasts, the total 
collagen content and mRNA levels of collagen I were 
measured after the TAO orbital fibroblasts were treated 
with or without 2 ng/ml TGF-β1 for 24 h. As shown in 
Figure 6, TGF-β1 treatment significantly increased the total 
collagen content and the mRNA level of collagen I; notably, 
the collagen I levels were sharply decreased when the cells 
treated with anti-miR-21 and enhanced by the miR-21 mimic 
(all p<0.05, Figure 6A,B).

Figure 3. Effect of miR-21 on apop-
tosis in orbital fibroblasts from 
TAO donors (n=3). A: The effect of 
miR-21 on cell apoptosis. B: Quan-
tification of the data in panel A. C: 
Western blot analysis of the protein 
level of Bcl-2 and Bax. D: Quanti-
fication of the protein band density 
in panel C. Results are expressed 
as mean ± standard deviation (SD; 
*p<0.05 versus control). Data are 
representative of three independent 
experiments.
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MiR-21 activates TGF-β/Smad signaling by promoting Smad3 
phosphorylation: To determine whether miR-21 plays a role 
in TGF-β/Smad signaling, we analyzed the phosphorylation 
levels of Smad3 in miR-21 upregulated and downregulated 
orbital fibroblasts. The results show that anti-miR-21 inhib-
ited Smad3 phosphorylation; however, the miR-21 mimic 
significantly enhanced Smad3 phosphorylation (all p<0.05, 
Figure 7A,B), indicating that miR-21 overexpression might 
promote TGF-β/Smad activation.

DISCUSSION

The symptoms of TAO include cosmetic deficits, such as lid 
swelling, proptosis, and lid retraction, and functional deficits 
that manifest as limited ocular movement and visual impair-
ment [6]. Fibroblast proliferation, extracellular matrix deposi-
tion, and adipocyte differentiation and proliferation lead to 
edema, enlargement of the extraocular muscles, and increased 
volume of the orbital soft tissues [21]. In turn, edema, inflam-
mation, and late fibrosis account for the decreased function 
of the EOMs, despite relative preservation of the fibers them-
selves. Orbital fibroblasts are thought to be a key target and 
effector cell in the pathogenesis of TAO [4,22].

Numerous studies have demonstrated the effects of 
miR-21 in tumors, such as promoting tumor cell proliferation 
[23] and invasion [24] and inhibiting apoptosis [25]. Apart 
from this, increasing evidence suggests that miR-21 plays an 
indispensable role in the process of fibrosis in many diseases. 
For example, miR-21 mediates the fibrogenic activation of 
pulmonary fibroblasts in lung fibrosis [13], promotes renal 
fibrosis [14], accelerates atrial fibrosis, and promotes struc-
tural remodeling of the atrial myocardium [26]. Pulmonary 
artery stenosis causes significant myocardial remodeling 
and leads to impaired right ventricle function. Treatment 
with antagomir-21 reduces myocardial fibrosis and improves 
right ventricle function. miR-21 promotes myocardial fibrosis 
and impairs right ventricle function, and inhibition of miR-21 
by a specific antagomir may offer a novel therapeutic option 
in right heart hypertrophy [27]. In this study, we found that 
the expression of miR-21 was higher in orbital fibroblasts 
from patients with TAO than those without TAO, indicating 
that miR-21 may be involved in the pathogenic progression 
of fibrosis in TAO. Orbital fibroblast proliferation, apoptosis, 
and differentiation are closely associated with EOM fibrosis 
in the pathological process of TAO. To elucidate the prob-
able role of miR-21 in EOM fibrosis of TAO, we down- and 

Figure 4. Effect of miR-21 on 
mRNA and protein expression of 
α-SMA in orbital fibroblasts from 
TAO donors (n=3). A: Real-time 
PCR analysis of the mRNA level of 
α-smooth muscle actin (α-SMA). B: 
Western blot analysis of the protein 
level of α-SMA. C: Quantifica-
tion of the protein band density in 
panel B. Results are expressed as 
mean ± standard deviation (SD; 
*p<0.05 versus control). Data are 
representative of three independent 
experiments.
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upregulated miR-21 levels in TAO orbital fibroblasts. The 
results show that miR-21 downregulation inhibited orbital 
fibroblast proliferation and differentiation, and promoted 
orbital fibroblasts apoptosis; however, miR-21 upregulation 
enhanced orbital fibroblast proliferation and differentiation, 
and blocked orbital fibroblast apoptosis.

TGF-β is a central pathological mediator involved in the 
progression of fibrosis [10]. TGF-β enhances miR-21 expres-
sion and mediates fibrosis in the lung [13] and kidney [14]. 
To work out the underlying mechanism of miR-21 in orbital 
muscle fibrosis, time- and dose-dependent TGF-β1 treatment 
was performed in orbital fibroblasts. Our data suggest that 

Figure 5. TGF-β1 induces miR-21 
expression in a time- and dose-
dependent manner in fibroblasts 
from TAO donors (n=3). A: Real-
time PCR analysis showing that 
transforming growth factor-beta1 
(TGF-β1; 2 ng/ml) induces miR-21 
expression in a time-dependent 
manner. B: Real-time PCR analysis 
showing that TGF-β1 induces 
miR-21 expression after 24 h in a 
dose-dependent manner. Each bar 
represents the mean ± standard 
deviation (SD) of at least three 
independent experiments. (*p<0.05 
versus control, #p<0.05, versus 2 
ng/ml TGF-β1 treated control).
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Figure 6. Effect of TGF-β1 and 
miR-21 on collagen production and 
mRNA expression in fibroblasts 
from TAO donors (n=3). Results 
are expressed as a percentage of 
untreated control values presented 
as mean ± standard deviation 
(SD; *p<0.05 versus transforming 
growth factor-beta1 (TGF-β) 
untreated control; #p<0.05 versus 
anti-miR-21-treated cells). Data are 
representative of three independent 
experiments.
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Figure 7. Effect of miR-21 on 
the phosphorylation of Smad3 
in fibroblasts from TAO donors 
(n=3). Results are expressed as the 
percentage of untreated control 
values presented as mean ± stan-
dard deviation (SD; *p<0.05 versus 
control). Data are representative of 
three independent experiments.
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TGF-β1 induced miR-21 expression in orbital fibroblasts in 
a time- and dose-dependent manner. Moreover, overexpres-
sion of miR-21 enhanced TGF-β1-induced total collagen I 
expression and the collagen I mRNA level, whereas inhibi-
tion of miR-21 by anti-miR-21 decreased the total collagen 
content and collagen I mRNA level in the context of TGF-β1 
treatment. We also showed that anti-miR-21 blocked Smad3 
phosphorylation; in contrast, the miR-21 mimic activated 
Smad3 phosphorylation. These results indicate that miR-21 
mediates TGF-β/Smad signaling in the progression of orbital 
muscle fibrosis.

Taken together, the present study shows that miR-21 is 
upregulated in orbital fibroblasts from TAO, and further in 
vitro experiments demonstrated that miR-21 promotes orbital 
muscle fibrosis in TAO. This investigation provides evidence 
suggesting that inhibiting miR-21 expression might be a 
potential antifibrotic therapy in the treatment of TAO in the 
future. Additional in vivo experiments are needed to elucidate 
the exact function of miR-21 in TAO.
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