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Interleukin-6 promotes proliferative vitreoretinopathy by
inducing epithelial-mesenchymal transition via the JAK1/STAT3
signaling pathway
Xiaoyun Chen, Weimin Yang, Xiaoqian Deng, Shaobi Ye, Wei Xiao
State Key Laboratory of Ophthalmology, Zhongshan Ophthalmic Center, Sun Yat-sen University, Guangzhou, China
Purpose: Interleukin-6 (IL-6) is elevated in intraocular fluid from eyes with proliferative vitreoretinopathy (PVR), but
the exact role of the cytokine is still unclear. We investigated the function and mechanism of IL-6 in retinal pigment
epithelium (RPE) cell biology in vitro and in a mouse model in vivo.
Methods: After treatment with various concentrations of IL-6, RPE cell proliferation was assessed with cell counting
kit-8 (CCK-8) assay, and epithelial-mesenchymal transition (EMT) markers were evaluated using western blotting and
immunofluorescent staining. The activation of JAK1/STAT3 signaling was determined with western blotting. Moreover,
the effects of blockade of IL-6/JAK1/STAT3 signaling were investigated using pharmacological inhibitor S3I-201. For
in vivo studies, the PVR model was induced with intravitreal injection of dispase/collagenase in wild-type and IL-6
knockout mice. The severity of PVR was evaluated with histological analysis. The expression of IL-6, gp130, and EMT
markers was assessed with quantitative real-time PCR and western blotting.
Results: IL-6 statistically significantly induced RPE cell proliferation and EMT in a dose-dependent manner in vitro,
which was accompanied by rapid phosphorylation of JAK1 and STAT3. Blockade of the IL-6/JAK1/STAT3 pathway with
S3I-201 apparently inhibited RPE proliferation and EMT. Furthermore, IL-6 and gp130 overexpression, and JAK1/STAT3
signaling hyperactivation were detected in the retinas of the wild-type mice at 1, 3, and 7 days after dispase/collagenase
injection. Finally, we confirmed that IL-6 deficiency markedly alleviated mouse PVR development via inhibiting EMT.
Conclusions: These findings indicate that IL-6 promotes PVR by inducing RPE proliferation and EMT via the JAK1/
STAT3 signaling pathway. We provided new evidence that therapeutic strategies to block IL-6 may be beneficial for PVR.

Several cell types, including retinal pigment epithelium
(RPE) cells, retinal Müller cells, fibroblasts, macrophages,
and bone marrow–derived cells, are involved in PVR pathogenesis [5]. Among them, RPE cells are considered to play
the foremost role in PVR development because these cells
represent the largest proportion of the cellular component of
human PVR specimens [6]. Mature RPE cells are mitotically
quiescent in physiologic conditions. When the neuroretina is
detached, RPE cells may be exposed to the vitreous, which
contains abundant cytokines and growth factors [7]. Thus,
RPE cells are stimulated to detach from Bruch’s membrane,
to migrate into the vitreous through the retinal breaks, and
to form fibrotic membranes eventually [8]. From the aspect
of cell biology, activated RPE cells shift from epithelial to
fibroblast-like cells, namely, epithelial-mesenchymal transition (EMT) [8]. Several previous studies have suggested that
EMT of RPE cells is the main contributor of the pathogenesis of PVR [8,9]. In this regard, investigating the molecular
mechanisms underlying EMT of RPE cells may be of great
value in the development of agents preventing PVR.

Proliferative vitreoretinopathy (PVR) is a visionthreatening complication of retinal detachment (RD), ocular
trauma, and inflammatory vitreoretinopathies [1]. Despite
remarkable advances in surgical technique, PVR is still a
major cause of failure after RD surgery with an incidence rate
of 5–10% [2]. Histologically, PVR is characterized by formation of fibrotic preretinal or subretinal membranes, or both,
which mechanically drag the retina, and cause retinal redetachment [3]. Moreover, surgery for eyes with severe PVR
is a huge challenge for surgeons, while the post-operative
visual outcome is often unsatisfactory [4]. Several adjunctive
therapeutics alleviating PVR have been developed, such as
molecules targeting inflammation or cell proliferation, but
clinical success is rare [4]. This could be in part due to the
incomplete elucidation of PVR pathogenesis. Therefore, it
is necessary to better understand the cellular and molecular
mechanisms of this fibrotic event.
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Interleukin (IL)-6 is a pleiotropic inflammatory cytokine
that has a central role in inflammatory response and malignancy [10]. On target cells, IL-6 binds to the membrane-bound
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receptor (IL-6R) and subsequently, recruits the signal
transducing gp130 receptor. This is known as IL-6 classic
signaling, and it is restricted to cells expressing membranebound IL-6R, such as hepatocytes, macrophages, neutrophils,
and some T-cell subsets [11]. In addition, IL-6 can alternatively bind to soluble receptor (sIL-6R) and induce intracellular signaling via gp130, which is termed trans-signaling
[12]. Classic signaling is needed for regenerative and antiinflammatory functions, whereas trans-signaling is considered to be proinflammatory in numerous chronic diseases
and cancers [13-15]. Elevated concentration of IL-6 has been
reported in the intraocular fluid of patients with various
chorioretinal diseases, including central retinal vein occlusion [16], exudative age-related macular degeneration [17],
and proliferative diabetic retinopathy [18]. Through analyzing
the intraoperatively obtained subretinal fluid and vitreous, it
was reported that the level of IL-6 was significantly higher
in patients who developed postoperative PVR than in those
with uncomplicated RD [19,20]. These findings suggest that
IL-6 might be an important growth factor promoting PVR.
However, the mechanism under IL-6 contributing to the
pathogenesis of PVR is still poorly understood.
In the present study, we examined the functions and
cellular mechanisms of IL-6 in PVR pathogenesis using the
cultured RPE cell model and the PVR mouse model. We then
explored whether blockade of IL-6/JAK1/STAT3 signaling
and knockout of IL-6 could inhibit RPE proliferation and
EMT in vitro, and alleviate PVR severity in vivo.
METHODS
Cell culture, STR analysis, and treatment: The human RPE
cell line ARPE-19 was purchased from American Type
Culture Collection (ATCC, Manassas, VA). The cells were
maintained in Dulbecco’s modified Eagle’s medium (DMEM;
Gibco, Life Technologies, Grand Island, NY) containing 10%
fetal bovine serum (FBS; Gibco) at 37 °C in a humidified
atmosphere containing 5% CO2. The cell line was authenticated with short tandem repeat (STR) analysis. The STR
results showed that the DNA of the cell line perfectly matched
ARPE-19, and no cross contamination of human cells was
detected (Appendix 1).
For IL-6 treatment, the cells were seeded in six- or
96-well plates and incubated with different concentrations
of IL-6 (Cell Signaling, Danvers, MA). The pharmacological
inhibitor of STAT3 signaling S3I-201 was purchased from
Selleck Chemicals (Houston, TX), prepared in dimethyl sulfoxide (DMSO) as 10 mM stock solution, and added 60 min
before treatment with IL-6.
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Cell proliferation assay: To determine the effect of IL-6 on the
proliferation of RPE cells, the cells were seeded into 96-well
plates and treated with increasing concentrations of IL-6 (5,
10, 25, and 50 ng/ml) for 24, 48, and 72 h, respectively. At
the end of the treatment period, 10 μl of cell counting kit-8
(CCK-8) mixed with 90 μl of serum-free medium was added
to each well and incubated for 3 h. The absorbance (A) at 450
nm was measured using a microplate reader.
EdU staining assay: To verify the effect of S3I-201 on RPE
growth, cell proliferation was determined using the CellLightTM EdU Apollo 488 In Vitro Kit (RiboBio, Guangzhou,
China) according to the manufacturer’s protocols. Briefly,
RPE cells were seeded in six-well plates and exposed to IL-6
with or without S3I-201 for 48 h. The culture medium was
replaced with fresh medium containing 50 μM EdU for 2 h.
Then, the cells were fixed with acetone for 10 min, washed
with PBS (1X; 135 mM NaCl, 4.7 mM KCl, 10 mM Na2HPO4,
2 mM NaH 2PO4, pH 7.4), and sequentially incubated with
Apollo reaction buffer containing FITC-fluorescein for 30
min. Finally, the cells were incubated with DAPI, mounted,
and examined with a confocal microscope (LSM510; Carl
Zeiss, Overkochen, Germany).
Immunofluorescence staining of cultured cells: Immunofluorescent staining of the cultured cells was performed
according to previously described protocols [21]. Primary
antibodies collagen type I (Abcam, Cambridge, UK), fibronectin (Abcam), N-cadherin (Abcam), and vimentin (Abcam)
were used. Images were obtained with a confocal microscope
(LSM510; Carl Zeiss).
Mouse model of PVR induced with dispase/collagenase intravitreal injection: All animal experiments conformed to the
ARVO Statement for the Use of Animals in Ophthalmic and
Vision Research, and were approved by the Animal Use and
Care Committee of Zhongshan Ophthalmic Center at the Sun
Yat-Sen University (Guangzhou, China). Six- to eight-weekold wild-type (WT; C57BL/6J) and IL-6 knockout (IL-6−/−;
C57BL/6J-IL-6em1(Luc-eGFP)Smoc, Shanghai Model Organisms
Center, Shanghai, China) mice were used. The mouse model
of PVR was induced with intravitreal injection of dispase/
collagenase (Roche, Mannheim, Germany), as previously
reported with minor modifications [22]. Briefly, the WT
and IL-6−/− mice were anesthetized with 1.5% isoflurane
balanced with O2 at a flow rate of 2 l/min, and their pupils
were pharmacologically dilated. Intravitreal injection with
1 μl of dispase/collagenase at the concentration of 0.02 U/
μl was made in the dorsonasal quadrant (1 o’clock) of the
right eye with a Hamilton syringe, fitted with a 30 G needle.
Control animals were injected with an equal volume of PBS.
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Quantitative real-time PCR: Total RNA from the cultured
cells and retinas was extracted using TRIzol reagent (Invitrogen, Carlsbad, CA). The quality and concentration of RNA
were measured using spectrophotometry at wavelengths of
260 nm and 280 nm. cDNA was synthesized using a PrimescriptTM RT Master Mix (Takara, Dalian, China) according to
the manufacturer’s instruction. Quantitative real-time PCR
was performed using the TB GreenTM Premix Ex Taq™ kit
(Takara, Dalian, China). The PCR conditions were set as 30
s at 95 °C, followed by 5 s at 95 °C, 34 s at 60 °C. All PCR
reactions were run on an ABI Prism 7000 sequence detection
system (Applied Biosystems, Foster City, CA). Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as the
internal control, and the 2-ΔΔCt algorithm was introduced to
compare the expression of each gene across groups.
Western blotting: Total protein from the cultured cells and
retinas was extracted using RIPA reagent (Biocolor Bioscience & Technology, Shanghai, China). The protein samples
were electrophoresed in sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS–PAGE) gel and then were
transferred to a polyvinylidene fluoride (PVDF) membrane.
After blocking with 5% skim milk for 1 h at room temperature, the primary antibodies were incubated at 4 °C overnight.
The primary antibodies included α-SMA, collagen type I,
collagen type IV, fibronectin, and β-actin purchased from
Abcam, and Snail, JAK1, phosphor-JAK1, JAK2, phosphorJAK2, STAT3, and phosphor-STAT3 (Tyr705) purchased
from Cell Signaling Technology (Danvers, MA). After
washing with PBS containing 0.1% Tween-20 (PBST) three
times, the secondary antibodies conjugated with horseradish
peroxidase (HRP) were incubated at room temperature for
1 h. Protein expression was revealed using the Immobilon
Western Chemiluminescent HRP Substrate kit (Millipore,
Billerica, MA). Densitometric analysis was conducted
with Image J software 1.51 (National Institutes of Health,
Bethesda, MD). β-actin was used as loading control.
Histological analysis: Animals for histological analysis were
submitted to ophthalmoscopic examination and euthanized
(intraperitoneal pentobarbital injection, 100 mg/kg) at 7 days
after injection. Eyes were collected and fixed in 4% paraformaldehyde (PFA) overnight. After dehydration and clarification, they were embedded in paraffin and sectioned serially
at 4 μm thickness via the pupil-optic nerve plane, and then
were stained with hematoxylin and eosin. The sections were
evaluated with a light microscope (Carl Zeiss).
Statistical analysis: All statistical analyses were performed
using SPSS 22.0 (SPSS, Chicago, IL). Data were presented
as mean ± standard deviation (SD). Comparisons between
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two groups were performed using the Student t test, and
comparisons between three or more groups were performed
using one-way analysis of variance (ANOVA) with the TukeyKramer multiple comparison test. A p value of less than 0.05
was considered statistically significant.
RESULTS
IL-6 promotes RPE cell proliferation and EMT in vitro: To
explore how IL-6 influences the behavior of RPE cells, we
treated them with IL-6 at various concentrations (5, 10, 25,
and 50 ng/ml). The effect of IL-6 on cell proliferation was
determined with the CCK-8 assay at 24, 48, and 72 h after
treatment. As shown in Figure 1, IL-6 did not affect RPE
cell proliferation at 24 h, whereas the cytokine promoted cell
proliferation in a dose-dependent manner after 48 h. Twentyfive nanograms per milliliter of IL-6 could statistically
significantly increase cell viability after 48 h, and this effect
was maintained until 72 h (Figure 1A). Additionally, we noted
that IL-6 could stimulate morphological changes in RPE
cells, transforming from an epithelial to a more mesenchymal
phenotype (Figure 1B). To confirm the effect on EMT in RPE
cells, we examined the expression levels of EMT markers
with western blotting and immunofluorescence. As shown in
Figure 1C,D and Figure 2, the results of western blotting and
immunofluorescence staining concordantly showed that IL-6
treatment dramatically induced the expression of the EMT
markers (α-SMA, collagen type I, collagen type IV, fibronectin, and N-cadherin) and the EMT-associated transcription factor Snail. Meanwhile, vimentin staining also revealed
cytoskeletal reorganization when treated with IL-6 (Figure
2). Collectively, these data indicated that IL-6 contributes to
promote RPE cell proliferation and EMT.
JAK1/STAT3 signaling is activated by IL-6 in RPE cells: A
principal target of IL-6 signaling is the STAT3 transcription factor, which is activated by JAKs. A previous study
demonstrated that IL-6 induces the activation of JAK/STAT3
transcription factors that regulate the proliferation of multiple
tumor cells, invasiveness, and EMT [23]. Therefore, we then
investigated whether the JAKs/STAT3 pathway is involved
in IL-6-stimulated proliferation and EMT in RPE cells. We
examined the expression of JAK1, JAK2, and STAT3 and
phosphorylated JAK1, JAK2, and STAT3 in RPE cells cocultured with different concentrations of IL-6 for increasing
durations with western blotting. We found that a low dose of
IL-6 (5 ng/ml) could activate JAK1 and STAT3 dramatically
with phosphorylation. JAK1 and STAT3 were hyperactivated
by IL-6 at 15 min after stimulation and maintained after 6 h
(Figure 3), whereas IL-6 had no effects on phosphorylated
JAK2 (data not shown). These results revealed that activation
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Molecular Vision 2020; 26:517-529 <http://www.molvis.org/molvis/v26/517>

© 2020 Molecular Vision

Figure 1. IL-6 promotes proliferation of RPE cells and EMT. A: Cell counting kit 8 (CCK-8) assay of proliferation of RPE cells after exposure
to increasing concentrations of interleukin-6 (IL-6; 5, 10, 25, and 50 ng/ml) for 24, 48, and 72 h. P values versus the control group are shown
(one-way analysis of variance [ANOVA] with the Tukey-Kramer multiple comparison test). B: Microscopic observations of RPE cells in the
presence or absence of 10 and 25 ng/ml of IL-6 for 48 h. Scale bar: 100 μm. C: Western blotting of the expression of epithelial-mesenchymal
transition (EMT) markers α-SMA, collagen type I, collagen type IV, fibronectin, and Snail after treatment with various concentrations of
IL-6 (5, 10, 25, and 50 ng/ml) for 48 h. D: Quantification of EMT marker protein levels from three independent experiments. P values versus
the control group are shown (one-way ANOVA with the Tukey-Kramer multiple comparison test).
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of the JAK1/STAT3 signaling pathway is likely to be involved
in IL-6-induced RPE proliferation and EMT.
EMT phenotype and proliferation are reversed by blocking
IL-6/JAK1/STAT3 signaling in RPE cells: To further determine whether IL-6/JAK1/STAT3 signaling is responsible
for the observed proliferation and EMT phenotype in RPE
cells, we examined cell proliferation and the expression of
EMT-associated proteins after IL-6/JAK1/STAT3 signaling
was blocked with the pharmacological inhibitor S3I-201. EdU
staining assay demonstrated that blocking of JAK1/STAT3
signaling reversed the initial increase in proliferation induced
by IL-6 stimulation (Figure 4). In addition, blockade of IL-6/
JAK1/STAT3 reversed IL-6 induced EMT-phenotype change,
and the RPE cells retained their epithelial morphology (Figure
5A). Furthermore, the immunofluorescence and western blotting results revealed that the upregulation of EMT markers
α-SMA, collagen type I, collagen type IV, fibronectin, and
Snail induced by IL-6 was dramatically decreased in the
S3I-201-treated group (Figure 5B–D). Taken together, these
data suggested that JAK1/STAT3 signaling is involved in
IL-6-induced RPE proliferation and EMT, and blockade of
JAK1/STAT3 signaling can reverse the proliferation of RPE
cells and EMT.
IL-6 is dramatically upregulated and JAK1/STAT3 signaling
is activated in the mouse PVR model in vivo: Based on the
results in vitro, we investigated whether the IL-6/JAK1/
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STAT3 signaling pathway is involved in PVR in vivo using
the dispase/collagenase-induced PVR model. First, we examined the expression of IL-6 and gp130 in the retinas of the
PVR mice. The results from the quantitative real-time PCR
showed IL-6 was rapidly increased by 94-fold at day 1 after
dispase/collagenase injection, and then declined gradually
and returned to the baseline at day 14 (Figure 6A). Meanwhile, the expression of gp130 was also increased by 2.3-fold
at day 1 after injection, reached maximum (−3.5-fold) at day 7,
and maintained at 14 days (Figure 6A). The western blotting
results also illustrated that IL-6 and gp130 were upregulated
markedly at day 1 after PVR induction (Figure 6B,C). Then,
we examined whether JAK/STAT3 signaling was activated
during PVR in vivo. We found that the phosphorylation of
JAK1 and STAT3 was distinctly increased at 24 h in PVR
(Figure 6D,E). Therefore, these results implied that the IL-6/
JAK1/STAT3 signaling pathway is involved in the pathogenesis of PVR in vivo.
IL-6 deficiency statistically significantly prevents PVR
progression in vivo: Finally, we investigated whether IL-6
deficiency could prevent dispase/collagenase-induced PVR in
vivo using IL-6−/− mice. As shown in Figure 7A, hematoxylin
and eosin staining of cross sections of the eyeballs displayed
that the control eyes appeared histologically normal with
distinct retinal layers, while the WT mice presented poorly
distinguishable retinal layers, numerous inf lammatory
cell infiltration in the retinal ganglion cell layer and inner

Figure 2. IL-6 induces the expression of EMT markers and cytoskeletal reorganization in RPE cells.
The expression of the epithelialmesenchymal transition (EMT)
markers collagen type I, fibronectin, N-cadherin, and vimentin
was examined with immunofluorescence staining after RPE cells
were exposed to 10 and 25 ng/ml of
interleukin-6 (IL-6) for 48 h. Scale
bars: 40 μm.

521

Molecular Vision 2020; 26:517-529 <http://www.molvis.org/molvis/v26/517>

© 2020 Molecular Vision

Figure 3. JAK1/STAT3 signaling is activated by IL-6 in RPE cells. RPE cells were cultured with various concentrations of interleukin-6
(IL-6; 5, 10, 25, and 50 ng/ml) for 60 min. A: The protein expression of p-JAK1, JAK1, p-STAT3, and STAT3 was determined with western
blotting. B: Quantification of p-JAK1, JAK1, p-STAT3, and STAT3 protein levels from three independent experiments. RPE cells were
cultured with 25 ng/ml of IL-6 for different times, and p-JAK1, JAK1, p-STAT3, and STAT3 expression was determined with western blotting. C: Representative results from one of the three independent experiments are presented. D: Quantification of p-JAK1, JAK1, p-STAT3,
and STAT3 protein levels from three independent experiments.
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Figure 4. Proliferation of RPE cells is inhibited by blocking IL-6/JAK1/STAT3 signaling. A: EdU staining analysis of proliferation of RPE
cells after interleukin-6 (IL-6) stimulation with or without S3I-201 (5.0 μM) for 48 h. Scale bars: 40 μm. B: Quantification of EdU-positive
cells (n = 24 randomized fields per group). P value versus the IL-6 treated group is shown (one-way analysis of variance [ANOVA] with the
Tukey-Kramer multiple comparison test).

DISCUSSION

nuclear layer, extensive retinal folds, retinal detachment, and
subretinal fibrosis at 7 days after an intravitreal injection of
dispase/collagenase. Nevertheless, the manifestation of PVR
was dramatically attenuated in the IL-6−/− mice. No obvious
inflammatory cell infiltration in the retina and subretinal
fibrosis were observed in the retinas of the IL-6−/− mice.
Although localized retinal folds were still presented, the
retinal layers were clearly visible in the IL-6−/− mice (Figure
7A). Furthermore, we examined the expression of IL-6,
gp130, and EMT markers for 7 days after the PVR model was
established. As expected, the results of quantitative real-time
PCR and western blotting demonstrated that IL-6, gp130,
and EMT markers α-SMA, fibronectin, extracellular matrix
(Ecm), collagen type IV, and Snail were distinctly induced
in the PVR model in the WT mice, especially α-SMA.
Conversely, IL-6 deficiency dramatically decreased their
expression at the mRNA and protein levels (Figure 7B–D).
Collectively, these data suggest that IL-6 deficiency can
effectively prevent development of PVR in vivo.

Proliferative vitreoretinopathy, a scarring process that
develops with some rhegmatogenous retinal detachments
(RRDs), is the most common factor causing surgical failure
after treatment [24]. The exact molecular mechanism of PVR
pathogenesis remains elusive, but it is associated with the
complex interactions between several cell types (e.g., RPE
cells, glial cells, and bone marrow–derived cells) and the
inflammatory microenvironment. In the present study, we
revealed for the first time that IL-6 could markedly promote
RPE cell proliferation and EMT through activating the JAK1/
STAT3 signaling pathway in vitro. The expression levels of
IL-6 and its key receptor subunit gp-130 were dramatically
upregulated in the mouse PVR model, which induced activation of the JAK1/STAT3 signaling pathway during pathogenesis. Finally, we validated that IL-6 deficiency and blockade
of JAK1/STAT3 signaling could significantly inhibit the
proliferation of RPE cells and EMT, and thus, reduce PVR
severity. Taken together, these findings support the notion
that IL-6 is a key regulator inducing PVR through the JAK1/
STAT3 signaling axis.
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As a pleiotropic proinflammatory cytokine, IL-6 has
been documented to promote fibrosis in several systemic
and ocular diseases, including pulmonary fibrosis [25],
renal interstitial fibrosis [26], conjunctival fibrosis after
glaucoma surgery [27], trachoma related scarring [28], and
posterior capsular opacification [29]. After retinal detachment, sustained sterile inflammation and increased levels of
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cytokines are major factors contributing to the onset of PVR
in patients with RRD [30]. Among the increased cytokines,
multilevel evidence has proven the possible role of IL-6 in
pathogenesis of PVR. For example, the Retina 4 Project and
other genetic association studies observed differences in
genotype distributions within IL-6 were significantly associated with PVR risk in RD eyes [31-33]. In biomarker analysis,

Figure 5. EMT phenotype is reversed by blocking IL-6/JAK1/STAT3 signaling in RPE cells. A: Microscopic observations of RPE cells
exposed to 25 ng/ml of interleukin-6 (IL-6) with or without S3I-201 (5.0 μM) for 48 h. Scale bar: 100 μm. B: Immunofluorescent staining of
epithelial-mesenchymal transition (EMT) markers collagen type I, fibronectin, N-cadherin, and vimentin expression in RPE cells exposed
to 25 ng/ml of IL-6 with or without S3I-201(5.0 μM) for 48 h. Scale bars: 40 μm. C: Western blotting of the expression of EMT markers
α-SMA, collagen type I, collagen type IV, fibronectin, N-cadherin, and Snail in RPE cells exposed to 25 ng/ml of IL-6 with increasing
concentrations of S3I-201 (1.25, 2.5, 5.0, and 10.0 μM) for 48 h. D: Quantification of EMT marker protein levels from three independent
experiments. P values versus the IL-6 25 ng/ml treatment group are shown (one-way analysis of variance [ANOVA] with the Tukey-Kramer
multiple comparison test).
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Figure 6. IL-6 is dramatically
upregulated and JAK1/STAT3
signaling is activated in the mouse
PVR model in vivo. The mouse
model of proliferative vitreoretinopathy (PVR) was induced with
intravitreal injection of 1 μl of
dispase/collagenase at the concentration of 0.02 U/μl in the right eye
with a 30 G Hamilton syringe. A:
Retinas were harvested for quantitative real-time PCR analysis of
interleukin-6 (IL-6) and gp130
mRNA levels at day 1, 3, 7, and 14
after injection. B: Western blotting of the expression of IL-6 and
gp130 protein levels at day 1 after
injection. C: Quantification of IL-6
and gp130 protein levels from three
independent experiments. P values
versus the control group are shown
(Student t test). D: Western blotting
of the expression of p-JAK1, JAK1,
p-STAT3, and STAT3 levels at day
1 after injection. Quantification of
the p-JAK1, JAK1, p-STAT3, and
STAT3 protein levels from three
independent experiments. E: P
values versus the control group are
shown (Student t test).

studies have consistently shown that the concentration of IL-6
is elevated in intraocular fluids (i.e., aqueous humor, vitreous,
and subretinal fluid) from RRD and PVR eyes compared with
healthy controls [20,34,35]. Some of these studies also showed
the IL-6 level was positively correlated with the extent of
detachment and the risk of PVR incidence [34,36]. In this
animal study using a mouse PVR model, we confirmed that
mRNA and protein expression of IL-6 and gp130 experienced
dramatic changes within 1 day after modeling, indicating that
IL-6 and its downstream signaling pathway might participate
in the acute-phase response to retinal injuries.
Despite the evidence of high IL-6 levels in PVR eyes, the
question remains how IL-6 regulates PVR pathogenesis. A

crucial event of fibrotic membrane development is the dedifferentiation of RPE cells into contractile myofibroblasts [2],
which involves a basic biologic process, EMT, a common
pathophysiological feature underlying several systemic and
ocular fibrotic diseases, such as anterior subcapsular cataract
[37] and PVR [2,38]. Several growth factor–related signaling
pathways (e.g., TGF-β, EGF, and Notch) may induce EMT
during embryogenesis, fibrosis, and cancer progression [39].
In this in vitro study, treating RPE cells with IL-6 alone could
induce profound morphological changes from the epithelial
to the mesenchymal phenotype, accompanied by significant
upregulation of mesenchymal markers and transcription
factors. It indicated that a high IL-6 level alone might be
525
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Figure 7. IL-6 deficiency significantly prevents PVR progression in vivo. The proliferative vitreoretinopathy (PVR) model was induced in
wild-type (WT) and interleukin-6 (IL-6) −/− mice with intravitreal injection of dispase/collagenase for 7 days. A: Representative hematoxylin
and eosin staining images of cross sections of the eyeballs display that the WT mice presented poorly distinguishable retinal layers, numerous
inflammatory cell infiltration (arrow) in the retinal ganglion cell layer and inner nuclear layer, extensive retinal folds (▲), retinal detachment,
and subretinal fibrosis (*). Nevertheless, no obvious inflammatory cell infiltration and subretinal fibrosis were observed in the retinas of the
IL-6 −/− mice. Although localized retinal folds are still presented, the retinal layers are clearly visible in the IL-6 −/− mice. Retinas were
harvested for quantitative real-time PCR analysis of the expression of IL-6, gp130, and epithelial-mesenchymal transition (EMT) markers.
B: P values compared with the WT group are shown (one-way analysis of variance [ANOVA] with the Tukey-Kramer multiple comparison
test). C: Retinas were harvested for western blotting of the expression of IL-6, gp130, and EMT markers. D: Quantification of IL-6, gp130,
and EMT marker protein levels from three independent experiments. P values versus the WT group are shown (one-way ANOVA with the
Tukey-Kramer multiple comparison test).
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sufficient to regulate RPE cell dedifferentiating to fibroblasts. This effect of IL-6 on EMT was previously observed
in several human cancers, including cervical carcinoma [40],
breast cancer cells [41], esophageal adenocarcinoma [42], and
colorectal cancer [43], but it was observed in PVR and RPE
cells for the first time.
Classical signal transduction of IL-6 involves the activation of JAK family members, and the transcription factors
STAT family. IL-6 may also activate the MAPK cascades in
the non-canonical pathway. Literature has documented that
IL-6 might induce EMT via activating either JAK1 or JAK2
[29,43,44]. In RPE cells, the present in vitro analysis demonstrated that JAK1, rather than JAK2, was phosphorylated
immediately upon IL-6 treatment. Combined with the findings that the inhibitor S3I-201 attenuated cell proliferation
and morphological changes, we believe that the activation of
JAK1/STAT3 mediates the effect of IL-6 on proliferation and
EMT in RPE cells.
Agents targeting and modulating the IL-6/JAK/STAT3
pathway have been approved by the U.S. Food and Drug
Administration (FDA) for the treatment of several inflammatory conditions and malignancies [45]. Owing to involvement in multiple aspects of fibrosis, IL-6 has emerged as a
therapeutic target for many fibrotic diseases as well [46,47].
For example, blockade of IL-6Rα with tocilizumab could
profoundly inactivate fibroblast phenotype in skin fibrosis
[48]. In a mouse RD model induced by subretinal injection
of hyaluronic acid, a previous study demonstrated blocking
IL-6 signaling with a monoclonal antibody against gp130 can
reduce monocyte infiltrating to the vitreoretinal interface
[49]. In the present study, we investigated the antifibrosis
effect of blockade of IL-6 using the experimental PVR model
induced by intravitreal injection of dispase in the IL-6−/−
mice. Compared to the subretinal injection of the hyaluronic
acid-induced RD model [50-52], the dispase-induced PVR
model has been widely used for its reproducible induction
of typical PVR-like lesions, for example, the appearance of
extensive retinal folds, the formation of large widespread epiand subretinal membranes, and tractional retinal detachment
in rabbits and mice [53]. Using the PVR model, we validated
that IL-6 knockout could markedly reduce the severity of
PVR. In conjunction with the in vitro findings of the JAK/
STAT3 inhibitor on RPE phenotypes, this study implied that
blockade of the IL-6/JAK/STAT3 signaling pathway might be
beneficial for alleviating inflammation and reducing the risk
of PVR incidence after RRD.
In summary, using cultured cells in vitro and the dispase/
collagenase-induced mouse PVR model, the present results
provide, for the first time, evidence that IL-6 and the JAK1/

© 2020 Molecular Vision

STAT3 pathway play important roles in PVR. IL-6 promotes
RPE cell proliferation, EMT, and PVR progression in
vitro and in vivo via activating the JAK1/STAT3 signaling
pathway. However, blockade of the JAK1/STAT3 pathway
and IL-6 deficiency can inhibit proliferation of RPE cells,
EMT, and PVR progression. The present data suggest that
IL-6 deficiency and blockade of the JAK1/STAT3 pathway
may be promising strategies in the prevention and treatment
of PVR.
APPENDIX 1. STR ANALYSIS.
To access the data, click or select the words “Appendix 1.”
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