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Abstract
● AIM: To investigate the effect of leucine-rich-alpha-2-
glycoprotein 1 (LRG1) on epithelial-mesenchymal transition 
(EMT) in retinal pigment epithelium (RPE) cells, and to 
explore the role of NADPH oxidase 4 (NOX4).
● METHODS: RPE cells (ARPE-19 cell line) were treated 
with transforming growth factor-β1 (TGF-β1) to induce EMT. 
Changes of the mRNA and protein expression levels of LRG1 
were tested in the TGF-β1 treated cells. The recombinant 
human LRG1 protein (rLRG1) and siRNA of LRG1 were 
used to establish accumulation of exogenous LRG1 model 
and the down-regulation of LRG1 model in ARPE-19 cells 
respectively, and to detect EMT-related markers including 
fibronectin, α-smooth muscle actin (α-SMA) and zonula 
occludens-1 (ZO-1). The mRNA and protein expression level 
of NOX4 were measured according to the above treatments. 
VAS2870 was used as a NOX4 inhibitor in rLRG1-treated 
cells. EMT-related markers were detected to verify the effect 
of NOX4 in the process of EMT. 
● RESULTS: TGF-β1 promoted the expression of LRG1 at 
both the mRNA and protein levels during the process of EMT 
which showed the up-regulation of fibronectin and α-SMA, 
as well as the down-regulation of ZO-1. Furthermore, the 
rLRG1 promoted EMT of ARPE-19 cells, which manifested 
high levels of fibronectin and α-SMA and low level of ZO-1, 

whereas knockdown of LRG1 prevented EMT by decreasing 
the expressions of fibronectin and α-SMA and increasing 
the expression of ZO-1 in ARPE-19 cells. Besides, the rLRG1 
activated and LRG1 siRNA suppressed NOX4 expression. 
EMT was inhibited when VAS2870 was used in the rLRG1-
treated cells.
● CONCLUSION: These results for the first time 
demonstrate that LRG1 promotes EMT of RPE cells by 
activating NOX4, which may provide a novel direction to 
explore the mechanisms of subretinal fibrosis.
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INTRODUCTION

C urrently, intravitreal injection of anti-vascular endothelial 
growth factor (VEGF) agents is the first-line treatment 

of neovascular age-related macular degeneration (nAMD), 
which is characterized by the formation of choroidal 
neovascularization (CNV)[1-4]. However, clinical trials 
indicated that the emergence of subretinal fibrosis which 
is featured by the formation of fibrous membrane of CNV 
was deemed to be the prominent unfavorable effect of anti-
VEGF therapy[5-7]. Although subretinal fibrosis is regarded as 
end-stage of the natural course of CNV due to the excessive 
wound healing response[8-11], anti-VEGF therapy was supposed 
to accelerate this process. The over-rapid progression of 
subretinal fibrosis not only give rise to the loss of previously 
gained visual acuity, but also lead to the retinal detachment 
on account of the traction of fibrous membrane[7]. Given the 
concrete mechanisms of subretinal fibrosis remain unclear at 
present, exploring possible mechanisms becomes particularly 
important.
In the fibrous membrane of CNV, myofibroblasts are the 
principal cellular constituents, which play significant roles 
in the process of subretinal fibrosis. Previous studies have 



350

shown that myofibroblasts can be derived from retinal pigment 
epithelium (RPE) cells[8-9,12]. When RPE cells are stimulated 
under pathological conditions, they undergo the process of 
epithelial-mesenchymal transition (EMT) which leads to 
the trans-differentiation from epithelial cell phenotype to 
mesenchymal cell phenotype[9]. Thus, RPE cells participate 
in the forming process of subretinal fibrosis. A human retinal 
pigment epithelial cell line (ARPE-19) becomes an alternative 
to native RPE cells not only because they have the similar 
gene expression patterns[13], but also because ARPE-19 cells 
have the advantages of adequate sources and convenient use. 
In especial, in the aspect of researching EMT, ARPE-19 cells 
have become accepted widely as a reliable tool in numerous 
researches[14-17]. Given the above, ARPE-19 cells are used in 
this study to conduct EMT-related experiments and to explore 
the potential mechanisms of subretinal fibrosis.
Leucine-rich-alpha-2-glycoprotein1 (LRG1), a kind of secreted 
glycoprotein, was isolated and identified from human serum by 
Haupt and Baudner[18] in 1977 for the first time. It is a member 
of leucine-rich repeat family, which includes eight repeating 
consensus sequences[19-20]. Previous researches have indicated 
that LRG1 participates in various pathological process, such 
as promoting fibrosis, facilitating angiogenesis, accelerating 
cell proliferation, inhibiting cell apoptosis and so forth[19-23]. 
Although the pro-EMT function of LRG1 has been confirmed 
in some non-ocular cells[24-25], no study verifies whether LRG1 
has an ability to promote EMT of ARPE-19 cells so far. In 
addition, many investigations have verified that NADPH 
oxidase 4 (NOX4) participate in the onset of EMT in diverse 
cells, especially in ocular cells[26-29]. For instance, NOX4 plays 
a vital role in transforming growth factor-β1 (TGF-β1)-induced 
lens EMT, and the inhibition of NOX4 may impede the process 
of EMT. Similarly, our preliminary experiment data (not yet 
published) also showed that NOX4 participated in the process 
of EMT when ARPE-19 cells were treated with bevacizumab, 
an anti-VEGF agent. These discoveries indicate that NOX4 as 
a valid target of promoting EMT is worth to be investigated 
as well. Therefore, in this research, we investigated the role of 
LRG1 in the process of EMT in ARPE-19 cells, and explored 
the function of NOX4 in the above condition in vitro.
MATERIALS AND METHODS
Cell Culture and Treatment  ARPE-19 cells, which were 
obtained from American Type Culture Collection (Manassas, 
VA, USA), were cultured in DMEM/F-12 medium (Invitrogen, 
Carlsbad, CA, USA) which contained 10% fetal bovine 
serum (FBS; Gibco, Life Technologies, Carlsbad, CA, 
USA), 100 U/mL penicillin and 100 μg/mL streptomycin 
(Sigma-Aldrich, St Louis, MO, USA) at 37°C with 5% CO2 
humidified atmosphere. The original medium was replaced 
by DMEM/F-12 containing 2% FBS until cells reached 

60%-70% confluence. In the meantime, the cells were treated 
differently on the basis of different purposes. The specific 
grouping situations were described as follows: 1) To detect the 
expression level of LRG1 in EMT model, ARPE-19 cells were 
classified into two groups. The first group was called blank 
control group, i.e. the cells were cultured in regular medium. 
In the second group, TGF-β1 (10 ng/mL; R&D Systems, 
Minneapolis, MN, USA) was added into the medium and kept 
for 72h to induce EMT of ARPE-19 cells. 2) To clarify the 
impact of over-accumulation of LRG1 on EMT in ARPE-19 
cells, the recombinant human LRG1 protein (rLRG1; 100 ng/mL, 
R&D Systems) was used in this section. The cells were split 
into two groups according to whether or not adding rLRG1 
in the medium and were cultured for 72h for both. The first 
group was regarded as the blank control group, and the second 
group was the rLRG1 treatment group. 3) To investigate the 
effect of knockdown of LRG1 on EMT in ARPE-19 cells, 
the siRNA of LRG1 was used to treat cells. The first group 
was the negative control group, i.e. the cells were transfected 
by siRNA sequence of negative control in regular medium. 
In the second group, the transfection of LRG1 siRNA was 
applied to cell treatment. The cells were transfected using 
siRNA transfection reagent (Santa Cruz Biotechnology, Dallas, 
Texas, USA) basing on the manufacturer’s instruction. The 
sequence of siRNA for the negative control was depicted: 
sense 5’- UUCUCCGAACGUGUCACGUTT -3’ and 
antisense 5’-ACGUGACACGUUCGGAGAATT -3’. The 
sequence of siRNA for LRG1 was described as follows: sense 
5’- GCUGGACCUCUCCAAUAACTT-3’ and antisense 
5’-GUUAUUGGAGAGGUCCAGCTT-3’. All the sequences 
of siRNA were obtained from GenePharma (Shanghai, China). 
4) To confirm the effect of NOX4 in rLRG1-treated ARPE-19 
cells, VAS2870 (20 μmol/L; Absin Bioscience Inc, Shanghai, 
China), a NOX4 inhibitor, was added into the medium for 
72h with or without rLRG1. The first group was blank control 
group, the second group was rLRG1 treatment group, and 
the third group was rLRG1 and VAS2870 double treatment 
group.
Reverse Transcription-Quantitative Polymerase Chain 
Reaction to Examine EMT-related Markers, LRG1 
and NOX4  After the processes of cell treatment were 
completed in different groups, total RNA was isolated from 
ARPE-19 cells using TRIzol reagent (Invitrogen) and then 
was reversed transcribed into cDNA using reverse reagent 
(Vazyme, Nanjing, China). The amplifications of the target 
genes were conducted by a Rotor-Gene 6000 system 
(Qiagen, Hilden, Germany) using a SYBR qPCR Master 
Mix (Vazyme). The primer sequences were used as follows: 
fibronectin forward, 5’-GGGACCGTCAGGGAGAAAA -3’ 
and reverse, 5’-CGAGATATTCCTTCTGCCACTGTT-3’; 
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α - s m o o t h  m u s c l e  a c t i n  ( α - S M A )  f o r w a r d , 
5’-GGTGACGAAGCACAGAGCAA-3’ and reverse, 
5’-CAGGGTGGGATGCTCTTCAG-3’; zonula occludens-1 
(ZO-1) forward, 5’- AGGATCCATATCCCGAGGAAA-3’ 
and reverse, 5’-CGAGGTCTCTGCTGGCTTGT-3’; LRG1, 
forward 5’-  GGGAGAACCAGTTGGAGACCTT-3’ 
and reverse  5’-  CCAGCTTGTTGCCGTTCAG-3’ ;  
NOX4, forward 5’-CAACTGTTCCTGGCCTGACA-3’ 
and reverse 5’-GCAACGTCAGCAGCATGTAGA-3’; 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH), 
forward 5’- CATGTTCGTCATGGGTGTGAA-3’ and reverse 
5’-GGCATGGACTGTGGTCATGAG-3’. The expression 
levels of different genes were normalized by GAPDH mRNA, 
and then the results were presented using the fold change 
manner.
Western Blot Analysis to Detect EMT-related Markers, 
LRG1 and NOX4  After reaching the treatment time of 
diverse groups, ARPE-19 cells were harvested and the total 
protein lysates were obtained using RIPA lysis buffer which 
contained PMSF. The 4× SDS sample buffer was used in 
protein samples in order to cause protein denaturation at 
95 degrees. The total proteins were separated by SDS-
polyacrylamide gel electrophoresis and shifted onto 
polyvinylidene difluoride (PVDF) membranes. Next, immune 
responses were conducted after PVDF membranes were 
blocked with 5% skim milk for 1h at room temperature. 
According to different molecular weight, PVDF membranes 
were incubated with primary antibodies of fibronectin, α-SMA, 
ZO-1, LRG1, NOX4 (1:2000; Abcam, Cambridge, UK) and 
GAPDH (1:10 000, Abcam) overnight at 4°C. Subsequently, 
the HRP-conjugated secondary antibodies (1:4000; Absin 
Bioscience Inc) were used to combine with primary antibodies 
for 1h at ambient temperature in the following day. The 
immune complexes were expose using a ChemiDocTM Touch 
system (Bio-Rad, Shanghai, China) and analyzed by Image 
Lab software (Bio-Rad). The targeted protein expressions were 
normalized to GAPDH.
Statistical Analysis  The experimental results were repeated 
for three times. All the quantitative data were analyzed 

with SPSS 22.0 software. The data were indicated as 
means±standard deviations. Independent sample t-test was 
used to compare two groups. To make comparison between 
multiple groups, one-way analysis of variance was used to 
analyze data. A P-value<0.05 was deemed to be statistically 
significant.
RESULTS
LRG1 Expression was Increased in TGF-β1-induced EMT 
of ARPE-19 Cells  The establishment of model about EMT in 
ARPE-19 cells depended on the treatment of TGF-β1 for 72h. 
TGF-β1 up-regulated the expressions of fibronectin and α-SMA 
and down-regulated the expression of ZO-1 at the mRNA 
(Figure 1A) and protein levels (Figure 1B). In addition, the 
expression level of LRG1 was also increased. In the TGF-β1 
treatment group, the mRNA expression levels of fibronectin 
and α-SMA were increased by 0.82- (P<0.001) and 2.48-folds 
(P<0.001) respectively when compared with untreated cells. 
Meanwhile, ZO-1 mRNA expression level was decreased by 
85% (P<0.001). Western blot analysis showed that the protein 
expressions of fibronectin (P=0.005) and α-SMA (P=0.002) 
nearly doubled in the TGF-β1 treatment group, while ZO-1 
decreased approximately 52% (P<0.001). In the meantime, 
the reverse transcription quantitative PCR and Western blot 
manifested the higher level of LRG1 during the process of 
EMT caused by TGF-β1. When the cells were treated with 
TGF-β1, the mRNA (Figure 1A) and protein (Figure 1B) 
expressions of LRG1 were increased by 1.03- (P=0.008) and 
0.86-folds (P=0.005) respectively by comparison with the 
blank control group. Therefore, these results indicated that the 
expression level of LRG1 was increased in TGF-β1-induced 
EMT of ARPE-19 cells. This phenomenon implied that LRG1 
might participate in the process of EMT in ARPE-19 cells.
The rLRG1 Promoted EMT of ARPE-19 Cells  Both reverse 
transcription quantitative PCR (Figure 2A) and Western blot 
analysis (Figure 2B) exhibited the similar variation tendency 
of EMT-related markers when using rLRG1 in ARPE-19 cells. 
In the rLRG1 treatment group, the mRNA expressions of 
fibronectin and α-SMA were increased by 1.84- (P<0.001) and 
0.59-folds (P=0.036) respectively, meanwhile the ZO-1 mRNA 

Figure 1 The high expression level of LRG1 was detected in TGF-β1-induced EMT of ARPE-19 cells  A: TGF-β1 promoted the expression 
of LRG1 at the mRNA level during the process of EMT which showed the up-regulation of fibronectin and α-SMA, as well as the down-
regulation of ZO-1; B: TGF-β1 promoted the protein expression of LRG1 during the process of EMT in ARPE-19 cells. bP<0.01; cP<0.001.
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expression level was reduced by about 74% (P<0.001) in 
comparison with the blank control group. Similarly, the protein 
expression levels of fibronectin and α-SMA were increased 
by 1.16- (P<0.001) and 0.92-folds (P=0.002) respectively, 
meanwhile the protein expression of ZO-1 was decreased by 
66% (P=0.002) in rLRG1-treated cells. 
Knockdown of LRG1 Prevented EMT of ARPE-19 Cells  
Reverse transcription quantitative PCR (Figure 3A) and 
Western blot analysis (Figure 3B) indicated that the expressions 
of EMT-related markers showed obvious changes due to the 
knockdown of LRG1 in ARPE-19 cells. When compared with 
the negative control group, the process of EMT was suppressed 
by siRNA of LRG1. By reverse transcription quantitative 
PCR, the mRNA comparative expressions of fibronectin and 
α-SMA were decreased by 87% (P=0.003) and 80% (P<0.001) 
respectively. Meanwhile, the ZO-1 mRNA expression was 
increased by 0.49-fold (P=0.007). By Western blot analysis, 
the protein comparative expressions of fibronectin and α-SMA 
were reduced by 82% (P=0.002) and 64% (P<0.001) and the 
ZO-1 expression was increased by 0.93-fold (P=0.003) in the 
siRNA of LRG1 group. 
The rLRG1 Activated and LRG1 siRNA Inhibited the 
Expression of NOX4 in ARPE-19 Cells  The comparative 
expression level of NOX4 depended on the use of rLRG1 and 
LRG1 siRNA in ARPE-19 cells. When the cells were treated 
with rLRG1, the mRNA (Figure 4A) and protein (Figure 4B) 

expressions of NOX4 were increased by 1.33- (P=0.004) 
and 0.43-folds (P<0.001) respectively when compared with 
the black control group. When using siRNA of LRG1, the 
mRNA (Figure 4C) and the protein expression (Figure 4D) of 
NOX4 were reduced by 50% (P<0.001) and 67% (P<0.001) 
respectively by comparison with the negative control group.
NOX4 Inhibition Suppressed rLRG1-induced EMT of 
ARPE-19 Cells  The phenomenon of rLRG1-induced EMT 
was reversed by VAS2870, a NOX4 inhibitor. In the rLRG1 
and VAS2870 double treatment group, the mRNA expressions 
of fibronectin and α-SMA were decreased by 76% (P<0.001) 
and 71% (P<0.001) respectively, meanwhile the ZO-1 mRNA 
expression level was approximately 3.11-fold (P=0.008) 
compared with the rLRG1 treatment group (Figure 5A). 
Besides, Western blot analysis exhibited the similar variation 
tendencies of EMT-related markers (Figure 5B). The protein 
expressions of fibronectin and α-SMA were decreased by 
65% (P=0.009) and 56% (P<0.001) respectively when the 
cells were treated with rLRG1 and VAS2870. Meanwhile, the 
protein expression of ZO-1 was about 1.91-fold (P<0.001) 
compared with the rLRG1 treatment group.
DISCUSSION
Intravitreal injection of anti-VEGF drugs has become the first-
line therapeutic method of some neovascular fundus diseases 
including nAMD[1-4]. However, the enhanced subretinal fibrosis 
after anti-VEGF therapy affects the prognosis of patients 

Figure 2 The rLRG1 promoted EMT of ARPE-19 cells  A: The mRNA expression levels of fibronectin and α-SMA were increased, and the 
expression of ZO-1 was decreased when ARPE-19 cells were treated with rLRG1; B: The protein expressions of fibronectin and α-SMA were 
up-regulated, and the expression of ZO-1 was down-regulated when using rLRG1 in ARPE-19 cells. aP<0.05; bP<0.01; cP<0.001.

Figure 3 Knockdown of LRG1 prevented EMT of ARPE-19 cells  A: By reverse transcription quantitative PCR, the expressions of 
fibronectin and α-SMA were reduced, meanwhile the mRNA expression level of ZO-1 was increased when ARPE-19 cells were treated with 
siRNA of LRG1. B: By Western blot analysis, when using siRNA of LRG1 in ARPE-19 cells, the protein expressions of fibronectin and α-SMA 
were down-regulated, and the ZO-1 expression was up-regulated. bP<0.01; cP<0.001.

LRG1 promotes EMT of RPE cells
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seriously[5-7]. There is no consistent conclusion about the 
mechanism of subretinal fibrosis at present. In this research, 
we discussed the effect of LRG1 on TGF-β1-induced EMT of 
ARPE-19 cells in vitro and explored the possible relationship 
between LRG1 and NOX4. We found that LRG1 was capable 
of facilitating EMT in ARPE-19 cells, which might be 
accomplished by the activation of NOX4.
Previous studies have already confirmed that TGF-β1, as a 
classical pro-EMT factor, can induce EMT of RPE cells[30-31]. 
Moreover, TGF-β1-induced EMT model is generally used to 
investigate EMT-related mechanisms of ARPE-19 cells on 
account of the effectiveness of TGF-β1 in promoting EMT[32-33]. 
In this study, we also showed that the valid model of EMT in 
ARPE-19 cells was established when using TGF-β1 treatment, 
which exhibited high expressions of fibronectin and α-SMA 
as well as low expression of ZO-1 at both mRNA and protein 
level. Meanwhile, the mRNA and protein expression levels of 
LRG1 were increased during the process of EMT by reverse 
transcription quantitative PCR as well as Western blot analysis. 

Therefore, these results indicated that LRG1 might participate 
in the process of EMT of ARPE-19 cells.
To further elucidate the role of LRG1 in the course of EMT 
of ARPE-19 cells, rLRG1 and LRG1 siRNA were used to 
increase the exogenous LRG1 and to down-regulate the 
expression of LRG1, respectively. Our results showed that 
rLRG1 could obviously promote EMT by up-regulating 
fibronectin and α-SMA and down-regulating ZO-1, whereas 
the knockdown of LRG1 prevented EMT in ARPE-19 cells, 
which showed low expressions of above mesenchymal 
markers and high expression of ZO-1 at both mRNA and 
protein levels. The role of LRG1 in EMT of ocular cells is 
rarely reported at present and its EMT-related effects on other 
cells remains controversial. Zhang et al[24] reported that LRG1 
could facilitate the progress of EMT in colorectal cancer 
cells via activating HIF-1α. Another study found that LRG1 
could accelerate the migration ability of thyroid carcinoma 
cells via promoting EMT through promoting MAPK/p38 
signaling[25]. On the contrary, some studies reported LRG1 

Figure 4 The rLRG1 activated and LRG1 siRNA suppressed the expression of NOX4 in ARPE-19 cells  A: The mRNA expression of 
NOX4 was increased when ARPE-19 cells were treated with rLRG1; B: By western blot, the expression of NOX4 was increased when the cells 
received rLRG1 treatment; C: When using siRNA of LRG1, the expression of NOX4 was reduced at mRNA level; D: The protein expression of 
NOX4 was decreased when the cells were treated with siRNA of LRG1. bP<0.01; cP<0.001.

Figure 5 NOX4 inhibition attenuated rLRG1-induced EMT in ARPE-19 cells  A: In the rLRG1 and VAS2870 treatment group, the 
expressions of fibronectin and α-SMA were decreased, and the expression of ZO-1 was increased at the mRNA level when compared with the 
rLRG1 treatment group; B: By Western blot, in the rLRG1 and VAS2870 treatment group, the protein expressions of fibronectin and α-SMA 
were lower than rLRG1 treatment group, whereas the ZO-1 expression was higher than rLRG1 treatment group. aP<0.05; bP<0.01; cP<0.001.
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might negatively modulate the process of EMT[34-35]. Therefore, 
the effect of LRG1 deserves to be further lucubrated in ocular 
cells, especially in RPE cells, which will be conducive to the 
investigation about subretinal fibrosis.
Although our study revealed the pro-EMT function of LRG1, its 
concrete mechanisms also should be revealed. In our preliminary 
experiments, the expression level of NOX4 increased obviously 
when ARPE-19 cells were treated with bevacizumab, an anti-
VEGF agent, which led to EMT simultaneously, whereas the 
expressions of NOX1, NOX2 and NOX3 showed no obvious 
changes in comparison with black control group. Hence, 
NOX4 might exhibit a crucial role during the process of EMT 
after anti-VEGF treatment in ARPE-19 cells, and it is worthy 
of further investigation in EMT process. Although there are 
no relevant researches about the relationship between NOX4 
and LRG1 at present, this study testified for the first time the 
upstream and downstream relationship between them. In our 
study, the results demonstrated that the expression level of 
NOX4 was increased due to the supplement of rLRG1, while 
the specific siRNA of LRG1 reduced the expression of NOX4 
in ARPE-19 cells. Therefore, these results manifested that 
NOX4 might be in the downstream of LRG1 and be regulated 
by LRG1. Next, in order to verify the function of NOX4 
during the process of EMT in ARPE-19 cells, VAS2870, a 
NOX4 inhibitor, was used with or without rLRG1. Our results 
indicated that the rLRG1-induced EMT of ARPE-19 cells was 
suppressed by VAS2870 treatment, which meant that NOX4 
might facilitate the EMT of ARPE-19 cells. These results of 
our study were in accordance with Yang et al’s[36] findings which 
also indicated VAS2870 reversed EMT of ARPE-19 cells through 
the suppression of NOX4. The role of NOX4 in promoting EMT 
in other ocular cells was reported too. For instance, NOX4 
played a vital role in promoting TGF-β-induced EMT in lens 
epithelial cells[28]. GLX7013114 as a novel NOX4 inhibitor 
could suppress TGFβ-induced EMT of lens epithelial cells[29]. 
Therefore, in our study, it is reasonable to believe that LRG1 
might induce EMT via activation of NOX4 in ARPE-19 cells. 
In this study, the primary deficiency is the absence of animal 
models to further validate the function of LRG1 under the 
condition of subretinal fibrosis. Although the pro-EMT 
function of LRG1 has been demonstrated in ARPE-19 cells 
in vitro, the combination with animal experiments in vivo will 
make this study more rigorous. 
In conclusion, our research indicated that LRG1 could promote 
EMT of ARPE-19 cells through activating NOX4. NOX4 
inhibitor might attenuate the extent of EMT of ARPE-19 
cells. Therefore, NOX4 inhibitor has the potential to reduce 
anti-VEGF agents-induced fibrosis. Further investigations, 
especially in CNV models, need to put into practice to 
elucidate more explicit functions of LRG1 as well as NOX4.
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