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Background: The formation of hypertrophic scars (HS) can result in the failure of glaucoma 
surgery, and fibrosis is known to be closely associated with the progression of HS. 
Dihydroartemisinin (DHA) has been reported to inhibit the progression of fibrosis; however, 
whether DHA can alleviate the formation of HS remains unclear.
Methods: In the present study, in order to examine the effects of DHA on the progression of 
HS, human Tenon’s capsule fibroblasts (HTFs) were isolated from patients who underwent 
glaucoma surgery. In addition, Western blot analysis, microtubule associated protein 1 light 
chain 3 α staining and reverse transcription-quantitative PCR were performed to detect 
protein and mRNA expression levels in the HTFs, respectively. Cell proliferation was 
detected by Ki67 staining. Flow cytometry was used to examine apoptosis and reactive 
oxygen species (ROS) levels in the HTFs.
Results: The results revealed that TGF-β promoted the proliferation and fibrosis of HTFs; 
however, DHA significantly reversed the effects of TGF-β by increasing cell autophagy. In 
addition, DHA notably induced the apoptosis of TGF-β-stimulated HTFs by increasing the 
ROS levels, while these increases were partially reversed by 3-methyladenine. Furthermore, 
DHA notably increased the expression of microRNA (miR)-145-5p in HTFs in a dose- 
dependent manner.
Conclusion: The present study demonstrated that DHA inhibits the TGF-β-induced fibrosis 
of HTFs by inducing autophagy. These findings may aid in the development of novel agents 
for the prevention of the formation of HS following glaucoma surgery.
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Introduction
The formation of hypertrophic scars (HS) following glaucoma filtering surgery is 
the primary cause of surgical failure.1 Moreover, it has been confirmed that fibrosis 
is closely associated with the formation of HS.2,3 At present, anti-metabolite drugs 
can inhibit scar formation following surgery; however, the use of these drugs may 
result in certain complications, including the formation of bubble fistula.4 

Therefore, it is necessary to explore safe and effective methods for the prevention 
of the formation of HS following glaucoma surgery.

Dihydroartemisinin (DHA) is a natural product originating from artemisinin, 
which exerts antitumor and anti-inflammatory effects in various diseases.5–7 It has 
previously been demonstrated that DHA inhibited the progression of fibrosis;8,9 

however, whether DHA can alleviate the formation of HS remains unclear.
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Autophagy is an important cellular process, which 
enables cytoplasmic components to move to the lysosome 
for degradation.10 The aberrant occurrence of autophagy 
can lead to the dysfunction of cellular organelles.11,12 On 
the other hand, autophagy protects organisms from inflam-
matory injuries via the modulation of the apoptotic 
cascade.13 Recent studies have revealed that autophagy 
plays a crucial role in the formation of HS;13–15 however, 
the association between DHA and cell autophagy in HS 
remains unclear. 3-methyladenine (3-MA) is an effective 
autophagy inhibitor,16 which functions by inhibiting the 
formation of the autophagosome.17 In the present study, 
3-MA was used to investigate the association between 
DHA and cell autophagy. The findings of the present 
study may aid in the development of novel agents for the 
prevention of the formation of HS following glaucoma 
surgery.

Materials and Methods
Isolation of Tenon’s Capsule Fibroblasts
Tenon’s capsule fibroblasts (HTFs) and corneal epithelial 
cells (control cells) were isolated from patients with pri-
mary glaucoma (PG) who had undergone glaucoma sur-
gery at The First Affiliated Hospital of Harbin Medical 
University (Harbin, China). The procedure of cell isolation 
was performed as previously described.18 The morphology 
of the HTFs and corneal epithelium cells was observed 
under a microscope. To mimic the formation of HS 
in vitro, HTFs were stimulated with 10 ng/mL TGF-β 
(Sigma-Aldrich; Merck KGaA) as previously 
described.19,20 The present study was approved by the 
Ethics Committee of Harbin Medical University. Written 
informed consent was obtained from all patients.

Reagents
3-MA and DHA were purchased from MedChemExpress.

Cell Culture
HTFs were cultured in 90% RPMI-1640 medium (Gibco; 
Thermo Fisher Scientific, Inc.) supplemented with 10% 
FBS, 1% penicillin (Thermo Fisher Scientific, Inc.) and 
1% streptomycin (Thermo Fisher Scientific, Inc.), and 
maintained in an incubator with 5% CO2 at 37°C.

Reverse Transcription-Quantitative PCR
Total RNA was extracted from the HTFs using TRIzol® 

reagent (Invitrogen; Thermo Fisher Scientific, Inc.). cDNA 

was synthesized using a PrimeScript RT reagent kit (Takara 
Bio, Inc.). qPCR was performed on an ABI 7500 Real-Time 
PCR system using SYBR-Green methods. qPCR experi-
ments were performed in triplicate using the following ther-
mocycling conditions: Initial denaturation for 2 min at 95°C; 
followed by 35 cycles for 30 sec at 95°C and 45 sec at 60°C. 
The primers were obtained from Shanghai GenePharma Co., 
Ltd. and were as follows: MicroRNA (miRNA/miR)-145-5p 
forward, 5ʹ-CAGTTTTCCCAGGAATCCCT-3ʹ and reverse, 
5ʹ-CTCAACTGGTGTCGTGGAGTC-3ʹ; miR-205-5p for-
ward, 5ʹ-TTAATCCTTCATTCCACCGG-3ʹ and reverse, 5ʹ- 
CTCAACTGGTGTCGTGGAGTC-3ʹ; miR-486-5p for-
ward, 5ʹ-ATCGTCCTGTACTGAGCTGCC-3ʹ and reverse, 
5ʹ-CTCAACTGGTGTCGTGGAGTC-3ʹ; and U6 forward, 
5ʹ-CTCGCTTCGGCAGCACAT-3ʹ and reverse, 5ʹ- 
AACGCTTCACGAATTTGCGT-3ʹ. The 2−ΔΔCq method 
was used to quantify the results. The internal reference 
gene (U6) was used for normalization.

Western Blot Analysis
Total protein was isolated from the HTFs using RIPA 
lysis buffer (Thermo Fisher Scientific, Inc.). Protein was 
quantified using a BCA protein kit (Thermo Fisher 
Scientific, Inc.). Proteins were then separated via 10% 
SDS-PAGE and transferred onto PVDF membranes. 
Subsequently, the membranes were blocked with 3% 
non-fat milk for 1 h at room temperature and incubated 
with primary antibodies overnight at 4°C. Subsequently, 
membranes were incubated with an anti-rabbit second-
ary antibody (1:5000) for 1 h at room temperature. 
Finally, the membranes were visualized with an 
enhanced chemiluminescence (Thermo Fisher 
Scientific, Inc.) and the density of blots was analyzed 
using ImageJ software (National Institutes of Health). 
The primary antibodies used in the present study were 
as follows: Anti-α-smooth muscle actin (SMA; Abcam; 
1:1000), anti-collagen I (Abcam; 1:1000), anti-survivin 
(Abcam; 1:1000), anti-autophagy related (ATG)5 
(Abcam; 1:1000), anti-Beclin-1 (Abcam; 1:1000), anti- 
Bax (Abcam; 1:1000), anti-cleaved caspase 3 (Abcam; 
1:1000) and anti-β-actin (Abcam; 1:1000). β-actin was 
used as an internal control. Moreover, the Western blot 
raw data are presented in the supplementary material.

Cell Counting Kit-8 Assay
Briefly, following treatment with DHA or/and TGF-β for 
72 h, the HTFs were incubated with 10 μL cell counting 
kit-8 (CCK-8) reagent (Beyotime Institute of 
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Biotechnology) for a further 2 h at 37°C. Finally, the 
absorbance of HTFs was measured at 450 nm using 
a microplate reader.

Immunofluorescence
HTFs were fixed with 4% paraformaldehyde, permeabi-
lized and blocked at room temperature. The HTFs were 
then incubated with anti-Ki67, anti-vimentin, anti-keratin 
or anti-microtubule associated protein 1 light chain 3 α 
(LC3) antibody (Abcam; 1:1000) at 4°C overnight. 
Following the primary antibody incubation, cells were 
incubated with secondary antibody (IgG, Abcam; 1:5000) 
for 1 h. The nuclei were stained with DAPI (Beyotime 
Institute of Biotechnology). Finally, cells were observed 
under a fluorescence microscope.

Cell Apoptosis Assay
HTFs were seeded into a 6-well plate (1x106/well). The 
pellet was re-suspended with 100 μL binding buffer after 
centrifugation at 1000 rpm/min for 5 min. The cells were 
then incubated with 5 μL Annexin V-FITC and propidium 
(PI) for 15 min in the dark. The cell apoptotic rate was 
measured using a flow cytometer (BD Biosciences) and 
the results were analyzed using Fluorescence Activated 
Cell Sorting (FACS, BD Biosciences).

Reactive Oxygen Species Detection
Reactive oxygen species (ROS) detection was performed 
using the ROS detection kit (Beyotime Institute of 
Biotechnology). Cell suspensions were collected and 
stained with the ROS probe 2,7-dichlorofluorescein 

A

B

Figure 1 HTFs were successfully isolated. 
Notes: (A) The morphology of HTFs and corneal epithelium cells was observed under a microscope. (B) The expression of vimentin and keratin in HTFs or cornea were 
investigated by immunofluorescence staining.
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diacetate (DCFDA; Beyotime Institute of Biotechnology) 
as previously described.21 Following 20 min of incubation, 
cells were centrifuged at 300 x g, washed with PBS and 
resuspended. Finally, the relative ROS levels were mea-
sured by flow cytometry (BD Biosciences), and the data 
were analyzed using FlowJo 10.0 software (FlowJo LLC).

ELISAs
The levels of malondialdehyde (MDA), superoxide dismu-
tase (SOD) and glutathione (GSH) in the supernatants of 
HTFs were detected using ELISA kits [Multisciences 
(Lianke) Biotech Co., Ltd.] according to the manufac-
turer’s instructions.

Statistical Analysis
All data are expressed as the mean ± standard error (SD). 
CCK-8 assay, immunofluorescence staining, reverse 

transcription-quantitative PCR (RT-qPCR), ROS detection, 
ELISA, flow cytometry and Western blot experiments 
were repeated in triplicate. Graphs were generated using 
GraphPad Prism software (version 7.0; GraphPad 
Software, Inc.). One-way ANOVAs and Tukey’s tests 
were performed for multiple group comparisons. P<0.05 
was considered to indicate a statistically significant 
difference.

Results
Successful Isolation of HTFs from Patients 
with PG
HTFs and corneal epithelial cells were isolated from patients 
with PG who underwent surgery, and the morphology of the 
cells was observed under a microscope (Figure 1A). In addi-
tion, immunofluorescence staining revealed that vimentin 
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Figure 2 DHA significantly reversed TGF-β-induced proliferation in HTFs. 
Notes: HTFs were treated with 10 ng/mL TGF-β for 24, 48 or 72 h. Then, (A) the protein expressions of α-SMA, collagen I and survivin in HTFs were detected by Western 
blot. (B–D) The relative expressions of α-SMA, collagen I and survivin were quantified by normalizing to β-actin. (E) The viability of HTFs was detected by CCK-8 assay. (F) 
HTFs were treated with 20, 40, 80 or 120 μM DHA for 72 h. Then, the viability of HTFs was measured by CCK-8 assay. (G) HTFs were treated with 10 ng/mL TGF-β, 10 ng/ 
mL TGF-β + 40 μM DHA or 10 ng/mL TGF-β + 80 μM DHA for 72 h. Then, the cell viability was examined by CCK-8 assay. (H) HTFs were treated with 10 ng/mL TGF-β, 80 
μM DHA or 10 ng/mL TGF-β + 80 μM DHA for 72 h. Then, the proliferation of HTFs was detected by immunofluorescence staining. Red fluorescence indicates Ki-67. Blue 
fluorescence indicates DAPI. (I) The positive rate of Ki-67 staining was calculated. *P<0.05, **P<0.01 compared to control. ##P<0.01 compared to TGF-β.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                   

Drug Design, Development and Therapy 2021:15 976

Wang et al                                                                                                                                                            Dovepress

http://www.dovepress.com
http://www.dovepress.com


was extensively distributed, and keratin was rarely expressed 
in the HTFs, compared with the cornea epithelial cells 
(Figure 1B). These findings were consistent with the char-
acteristic of HTFs,22 indicating that the HTFs were success-
fully isolated from the patients.

DHA Significantly Reverses the TGF-β- 
Induced Proliferation of HTFs
To mimic the formation of HS in vitro, HTFs were stimulated 
with 10 ng/mL TGF-β. As shown in Figure 2A–D, TGF-β 
upregulated the expression levels of α-SMA, collagen I and 
survivin in the HTFs in a time-dependent manner. Moreover, 
TGF-β increased the viability of HTFs in a time-dependent 
manner (Figure 2E). By contrast, DHA inhibited the viability 
of the HTFs in a dose-dependent manner (Figure 2F). In 
addition, the TGF-β-induced increase in the viability of HTFs 
was significantly reversed by treatment with 40 or 80 μM DHA 
(Figure 2G). Since the TGF-β-stimulated HTFs were more 
susceptible to 80 μM DHA than 40 μM DHA, 80 μM DHA 
was selected for use in the following experiments. Notably, the 
TGF-β-induced proliferation of HTFs was notably reversed by 
DHA (Figure 2H and I).

DHA Inhibits the TGF-β-Induced Fibrosis 
of HTFs by Inducing Autophagy
To investigate the association between DHA and cell 
autophagy, immunofluorescence staining was per-
formed to determine LC3 expression. The results indi-
cated that the expression of LC3 in HTFs was notably 
decreased by TGF-β, while this decrease was signifi-
cantly reversed by DHA (Figure 3A and B). Moreover, 
the effect of DHA was partially reversed by 3-MA 
(Figure 3A and B), and DHA alone also significantly 
increased the level of LC3 in HTFs (Figure 3A and 
B). In addition, DHA markedly reversed the TGF-β- 
induced activation of α-SMA, collagen I and survivin 
in HTFs, while the effect of DHA on these proteins 
was partially reversed by 3-MA (Figure 3C–F). By 
contrast, the expression levels of autophagy-related 
proteins (Beclin-1 and ATG5) in the TGF-β- 
stimulated HTFs were significantly increased by 
DHA, while this trend was significantly reversed by 
3-MA (Figure 3C, G and H). Altogether, these results 
demonstrated that DHA inhibited the TGF-β-induced 
growth of HTFs by inducing autophagy.

α

A

D E F G H

B C

Figure 3 DHA inhibited TGF-β-induced fibrosis in HTFs via inducing autophagy. 
Notes: (A) The location of LC3 was explored by immunofluorescence staining. Green fluorescence indicates LC3. Blue fluorescence indicates DAPI. (B) Relative level of 
LC3 was calculated. (C) The protein expressions of α-SMA, collagen I, Survivin, Beclin-1 and ATG5 in HTFs were detected by Western blot. (D–H) The relative expressions 
of α-SMA, collagen I, Survivin, Beclin-1 and ATG5 were quantified by normalizing to β-actin. *P<0.05, **P<0.01 compared to control. ##P<0.01 compared to TGF-β. ^^P<0.01 
compared to TGF-β + DHA.
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Autophagy Inhibitor Partially Reverses 
DHA-Induced Oxidative Stress in TGF-β- 
Stimulated HTFs
To further verify the association between DHA and cell 
autophagy in HTFs, flow cytometry was performed to detect 
the ROS levels. As shown in Figure 4A and B, DHA sig-
nificantly increased the ROS levels in TGF-β-stimulated 
HTFs, while this increase was notably reversed in the pre-
sence of 3-MA. Moreover, DHA notably decreased the levels 
of SOD and GSH, and increased the levels of MDA in the 
supernatants of TGF-β-stimulated HTFs, while the effect of 
DHA on SOD, GSH and MDA levels was reversed in the 
presence of 3-MA (Figure 4C–E). Furthermore, DHA alone 
also increased the ROS levels in HTFs via the mediation of 
SOD, GSH and MDA levels (Figure 4A–E). Taken together, 
the autophagy inhibitor partially reversed DHA-induced oxi-
dative stress in TGF-β-stimulated HTFs.

DHA-Induced Apoptosis of TGF-β- 
Stimulated HTFs is Partially Reversed 
by 3-MA
To investigate the association between cell apoptosis 
and autophagy in the formation of HS, flow cytometry 
was used. As shown in Figure 5A and B, DHA notably 
induced the apoptosis in TGF-β-stimulated HTFs, 
while this increase was markedly attenuated by 
3-MA. Moreover, the DHA-induced upregulation of 
Bax and cleaved caspase 3 in TGF-β-stimulated 
HTFs was partially inhibited by 3-MA (Figure 5C– 
E). Moreover, DHA alone induced the apoptosis pf 
HTFs via the activation of Bax and cleaved caspase 
3 (Figure 5A–E). Taken together, these results demon-
strated that the DHA-induced apoptosis of TGF-β- 
stimulated HTFs was partially reversed by 3-MA.

µ

A

C D E

B

Figure 4 Autophagy inhibitor partially reversed DHA-induced oxidative stress in TGF-β-treated HTFs. 
Notes: (A and B) The ROS level of HTFs was detected by flow cytometry. (C) The level of SOD in supernatants of HTFs was detected by ELISA. (D) The level of GSH in 
supernatants of HTFs was detected by ELISA. (E) The level of MDA in supernatants of HTFs was detected by ELISA. **P<0.01 compared to control. #P<0.05, ##P<0.01 
compared to TGF-β. ^^P<0.01 compared to TGF-β + DHA.
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DHA Notably Upregulates the 
Expression of miR-145-5p in HTFs
Since miR-145-5p, miR-205-5p and miR-486-5p are 
involved in the formation of HS,23–25 RT-qPCR was per-
formed to detect the effect of DHA on the expression of 
these miRNAs. The results discovered that DHA notably 
upregulated the expression of miR-145-5p in a dose- 
dependent manner (Figure 6A). However, DHA exerted 
minimal effects on miR-205-5p and miR-486-5p 

expression (Figure 6B and C). Thus, DHA notably upre-
gulated the expression of miR-145-5p in HTFs.

Discussion
It was previously reported that DHA exerted an effect in 
multiple diseases, including fibrosis.8,26,27 In the present 
study, DHA inhibited the TGF-β-induced fibrosis of HTFs 
following glaucoma surgery by inducing autophagy. To the 
best of our knowledge, the present study was the first to 
determine the function of DHA in the formation of HS.

A B

C D E

Figure 5 DHA-induced apoptosis in TGF-β-treated HTFs was partially reversed by 3-MA. 
Notes: (A and B) The apoptosis of HTFs was detected by flow cytometry. (C) The protein expressions of Bax and cleaved caspase 3 in HTFs were detected by Western 
blot. (D and E) The relative expressions of Bax and cleaved caspase 3 were quantified by normalizing to β-actin. **P<0.01 compared to control. ##P<0.01 compared to TGF- 
β. ^^P<0.01 compared to TGF-β + DHA.

Figure 6 DHA notably upregulated the expression of miR-145-5p in HTFs. 
Notes: HTFs were treated with 40 or 80 μM DHA for 72 h. Then, (A) the expression of miR-145-5p in HTFs was detected by RT-qPCR. (B) The expression of miR-205-5p 
in HTFs was detected by RT-qPCR. (C) The expression of miR-486-5p in HTFs was detected by RT-qPCR. **P<0.01 compared to control.
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It is well-established that apoptosis is an important 
cellular process.28,29 In the present study, it was found 
that DHA inhibited the proliferation of TGF-β-stimulated 
HTFs by inducing apoptosis. Bax and cleaved caspase-3 
are proapoptotic proteins.30,31 The present data revealed 
that DHA notably induced the apoptosis of HTFs via the 
upregulation of Bax and cleaved caspase-3. Importantly, 
autophagy is necessary for the onset of apoptosis, which 
usually affects the progression of apoptosis.13,32 Thus, it 
can be concluded that DHA induced the apoptosis of TGF- 
β-stimulated HTFs by inducing autophagy.

The present study found that DHA inhibited the fibrosis in 
HTFs via the inactivation of α-SMA, survivin and collagenI. 
A previous study indicated that α-SMA plays an important 
role in fibrosis.12 In addition, collagen I and survivin are 
known to be positively associated with the progression of 
fibrosis.33,34 Consistent with these previous findings, in the 
present study, DHA inhibited the formation of HS via the 
inhibition of α-SMA, survivin and collagen I. Additionally, it 
has been reported that the activation of α-SMA promotes the 
epithelial-mesenchymal transition (EMT) process.35,36 Based 
on the previous research, it can be hypothesized that DHA 
may act as an inhibitor of the EMT process.

LC3, Beclin 1 and ATG5 have been confirmed to play 
regulatory roles in cell autophagy.37,38 Consistent with 
these data, the present study confirmed that DHA induced 
autophagy in HTFs via the mediation of these three pro-
teins. In addition, Chen et al5 indicated that DHA inhibited 
esophageal cancer cell migration via inducing autophagy. 
Thus, based on the aforementioned data, DHA may be 
used as a promoter of cell autophagy.

It has been reported that miR-145-5p participates in the 
formation of HS.23 In the present study, it was found that 
DHA upregulated the expression of miR-145-5p in HTFs, 
and the present data were consistent with this previous 
finding. However, whether DHA mediates miR-145-5p to 
prevent the formation of HS warrants further investigation. 
Moreover, since Zhu et al found that DHA ameliorated 
asthma in mice via the mediation of miR-183c, the role of 
other miRNAs that may be regulated by DHA in the 
formation of HS should be investigated.

It should be stated that there are some limitations to the 
present study as follows: i) The association between miR- 
145-5p and cell autophagy remains unclear; ii) the asso-
ciation between DHA and miR-145-5p in HS warrants 
further investigation. Therefore, further investigations are 
required in the future.

In conclusion, the present study demonstrates that DHA 
inhibits the TGF-β-induced fibrosis and growth of HTFs by 
inducing autophagy. These findings may shed new light into 
the exploration of novel agents for the prevention of the 
formation of HS following glaucoma surgery.
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