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Abstract
● AIM: To investigate the effect of morroniside (Mor) on 
lipopolysaccharide (LPS)-treated iris pigment epithelial cells 
(IPE).
● METHODS: IPE cells were induced by LPS and treated 
with Mor. Cell proliferation was detected by cell counting 
kit (CCK) -8, apoptosis was detected by flow cytometry, the 
levels of tumor necrosis factor-α (TNF-α), interleukin (IL)-6, 
and IL-8 were measured by enzyme-linked immunosorbent 
assay (ELISA) kits, and the protein expression of TLR4, 
JAK2, p-JAK2, STAT3, and p-STAT3 was analyzed by Western 
blotting. In addition, overexpression of TLR4 and Mor 
treatment of LPS-stimulated IPE cells were also tested for 
the above indices.
● RESULTS: Mor effectively promoted the proliferation 
and inhibited the apoptosis of LPS-treated IPE cells. In 
addition, Mor significantly reduced the levels of TNF-α, IL-6, 
and IL-8 and significantly inhibited the expression of TLR4, 
p-JAK2, and p-STAT3 in LPS-treated IPE cells. The effect of 
Mor on LPS-treated IPE cells was markedly attenuated after 
overexpression of TLR4.
● CONCLUSION: These findings suggest that Mor 
may ameliorate LPS-induced inflammatory damage and 
apoptosis in IPE through inhibition of TLR4/JAK2/STAT3 
pathway.
● KEYWORDS: morroniside; iris pigment epithelial cells; 
inflammatory; TLR4/JAK2/STAT3 pathway
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INTRODUCTION 

U veitis, a prevalent intraocular inflammatory disease 
affecting the iris, ciliary muscle, and choroid, poses 

a significant risk to vision, potentially resulting in visual 
impairment in approximately 35% of individuals[1]. There are 
various forms of uveitis, but acute anterior uveitis (AAU) is 
the most common, it affects the iris and ciliary body, with 90% 
of cases involving the iris[2]. The absence of a comprehensive 
comprehension regarding the pathogenesis of anterior uveitis 
has resulted in the absence of an optimal and efficacious 
treatment[3]. Despite the effectiveness of immunosuppressants 
and hormones, they are unstable and prone to recurrence, 
eventually resulting in loss of visual function[4]. As a result, 
new treatment methods are an important topic in uveitis 
research.
Cornus officinalis Sieb.et Zucc is a plant of the Cornaceae 
family, and further isolation of Cornus officinalis cyclic 
enol ether terpene glycosides yielded morroniside (Mor), 
which has been extensively used in traditional Chinese 
medicine[5]. Research has demonstrated that Mor plays a role 
in modulating the down-regulation of apoptotic proteins in 
osteoarthritis, thereby exerting anti-apoptotic effects[6], Mor 
reduces the volume of cerebral infarction and inhibits cortical 
lipid peroxidation in a rat model of focal cerebral ischemia-
reperfusion[7]. Furthermore, Mor can exert anti-inflammatory 
pharmacological properties by decreasing the phosphorylation 
level of nuclear factor kappa-B (NF-κB) in rats with acute 
myocardial infarction as well as cerebral infarction[8], and 
prevent acute colitis and type 2 diabetes mellitus in mice by 
inhibiting the NF-κB pathway[9-10], and also have a positive 
effect on the treatment of diabetic nephropathy in its early 
stages[11]. The findings of our initial investigation indicate that 
Mor may possess a protective effect against lipopolysaccharide 
(LPS)-induced uveitis by modulating the polarization of 
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M1/M2 macrophages. Nonetheless, additional research is 
warranted to elucidate the precise mechanism through which 
Mor ameliorates uveitis.
Experimental evidence indicates that LPS, a pathogen-
associated molecular pattern (PAMP), plays a significant role 
in the pathogenesis of uveitis by swiftly activating the innate 
immune system via Toll-like receptor 4 (TLR4) of the pattern 
recognition receptor family[12-13]. Subsequent studies have 
found that selective interference with TLR4 function leads to 
a reduced response to LPS stimulation by macrophages in the 
peripheral blood of AAU patients, causing LPS tolerance[14]. 
In addition, TLR4, when activated, stimulates inflammatory 
cytokine production[15]. JAK2 can signal through the conserved 
JAK-STAT cell signaling pathway, and experiments have 
demonstrated that H.pylori contain LPS that recruits and 
activates JAK2, which catalyzes p-STAT3[16]. Therefore, TLR4 
may activate JAK2/STAT3 by inducing the production of 
inflammatory factors. 
The human iris pigment epithelium (IPE) is a crucial cellular 
layer within the iris structure, anatomically linked to the 
ciliary epithelium etc., and is a monolayer of epithelial cells, 
which can be separated from the stroma[17]. Notably, it exhibits 
functional characteristics such as phagocytosis and the 
synthesis of cytokines and growth factors[18]. Moreover, the 
expression of a functional LPS receptor complex is observed 
in IPE, leading to the release of proinflammatory mediators 
upon exposure to LPS. The cytokines released by IPE bear 
resemblance to those identified in samples obtained from 
patients with AAU, implying that IPE serves as a potential 
source of cytokines during disease activity[19]. Furthermore, 
scholarly research has documented that TLRs present on the 
IPE and their reaction to PAMPs offer valuable insights into the 
underlying mechanisms of ocular inflammation, particularly 
anterior uveitis[20]. Meanwhile, IPE is easy to take in the clinic 
and has a better prospect of application[21].
Collectively, the excessive stimulation of TLR4 can result 
in inflammatory harm within the organism. Therefore, it 
is of utmost significance to devise diverse pharmaceutical 
interventions that impede or suppress the over-stimulation of 
the TLR4 signaling pathway, and subsequently employ them 
in the prevention and management of uveitis. Therefore, in this 
experiment, LPS will be used to treat human IPE cells, and 
Mor-treated cells will be used to compare cell proliferation, 
apoptosis, and inflammatory factors, as well as changes in 
TLR4/JAK2/STAT3 pathway in treated cells. Moreover, the effect 
of Mor on IPE after overexpression of TLR4 was observed to 
provide ideas and a theoretical basis for uveitis treatment.
MATERIALS AND METHODS
Cell Culture  The IPE cell (Procell, cat No.CP-M118, 
Wuhan, China) was cultured in DMEM/F12 complete 

medium supplemented with 10% fetal bovine serum (cat No. 
PM150312B, Wuhan Servicebio Co., Ltd., China) at 37℃ with 
5% CO2 in an incubator. Upon reaching a confluence of 70%-
80%, the cells were enzymatically dissociated using trypsin 
and subsequently passaged.
Cell Grouping and Transfection  IPE cells in the logarithmic 
growth phase were harvested and the cell density was 
standardized to 4×104 cells/mL prior to inoculation into 96-
well plates at a volume of 100 μL per well. The experimental 
groups were designated as Mor (0, 5, 10, 20, 40 μmol/L), with 
varying concentrations of Mor added for a duration of 48h. 
The cell counting kit (CCK)-8 method was used to screen the 
optimal Mor concentration for treating IPE cells. Subsequently, 
the experimental groups were set as 1) Control, LPS [from 
Escherichia coli (serotype O55:B4, Sigma-Aldrich, St. Louis, 
MO), 10 mg/mL], LPS+Mor; 2) Control, LPS, LPS+Mor, 
LPS+Mor+overexpression-negative control (ov-NC), and 
LPS+Mor+overexpression-Toll like receptor (ov-TLR4). The 
corresponding concentrations of Mor or transfected ov-NC or 
ov-TLR4 were added according to the grouping. The ov-NC 
and ov-TLR4 (Sangon Biotech, Shanghai) were transfected 
into the cells once they reached a cell density of 70% to 80%, 
following the instructions provided by Lipofectamine 2000 
(cat No. 11668500, Gibco). In brief, a total of 125 μL of 
culture medium containing either 2.5 µg of ov-TLR4 or ov-
NC was gently combined to form solution A. Additionally, 
5 μL of Lipofectamine 2000 transfection reagent was prepared 
as solution B. Solution A and solution B were then mixed 
together, and after allowing the mixture to stand at room 
temperature for 5min, an appropriate amount of culture 
medium was added. The resulting mixture was subsequently 
added to the corresponding plate at a volume of 2 mL per well. 
The transfection efficiency was assessed by Western blotting 
48h post-transfection.
Cell Counting Kit-8 Assay to Detect Cell Proliferation  The 
principle underlying CCK-8 detection involves the reduction 
of the WST-8 compound in the detection reagent by an 
intracellular dehydrogenase, resulting in the formation of a 
water-soluble orange-colored methyl saliva compound with a 
maximum absorption peak at 450 nm. In this particular study, 
CCK-8 was employed for the purpose of cell proliferation 
detection. Each group of cell samples was treated by the 
addition of 10 μL of CCK-8 solution per well, followed by 
incubation at 37℃ for a duration of 2h. The absorbance 
(A) value at 450 nm was subsequently determined using an 
enzyme marker.
Flow Cytometry to Detect Cell Apoptosis  Cells in each 
group were treated with ethylene diamine tetraacetic acid 
(EDTA)-free trypsin, centrifuged at 3000 r/min for 5min, and 
the cell precipitates were suspended in 500 μL of binding 
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buffer, and 5 μL each of Annexin V (cat No. KGA1030, 
KeyGEN Bio TECH, Jiangsu) and propidium iodide (PI; cat 
No. KGA1030, KeyGEN Bio TECH, Jiangsu Province) were 
added before and after. The reaction was carried out at room 
temperature for a period of 15min, while ensuring protection 
from light. Finally, the samples were analyzed using flow 
cytometry (cytoflex, Beckman).
ELISA to Detect the Levels of TNF-α, Interleukin-6, and 
Interleukin-8 in Cell Supernatants  The supernatants of each 
group of cells after culture were collected, and the levels of 
TNF-α, interleukin (IL)-6 and IL-8 in the culture supernatant 
were detected according to the instructions of ELISA kit 
(ZCIBIO Technology Co., Ltd., Shanghai, China).
Western Blotting  Cell lysates were prepared and protein 
concentration was measured by bicinchoninic acid (BCA) 
protein assay reagent (Beyotime, Beijing). Equal amounts 
of proteins were electrophoresed on a 12% sodium dodecyl 
sulfate (SDS)-polyacrylamide gel and transferred to a 
polyvinylidene fluoride (PVDF) membrane. The transferred 
proteins were confined in 5% nonfat milk powder in phosphate 
buffered saline (PBS) containing 0.1% Tween 20 (PBST) for 
2h at room temperature. The membranes were then incubated 
with against TLR4, JAK2, p-JAK2, STAT3 and p-STAT3 
primary antibodies (dilution ratio 1:1000, Abclonal, Wuhan, 
China) at 4℃ overnight. Then it was incubated with a 1:5000 
dilution of each HRP-conjugated secondary antibody for 2h 
and washed again with PBST. The expressed proteins were 
displayed by ECL chemiluminescence detection kit (Affinity, 
Shanghai), and the gray value results were analyzed by Quality 
one.
Statistical Analysis  The data were analyzed using SPSS 
20.0 statistical software (SPSS Inc., Chicago, IL, USA). The 
results were presented as mean±standard deviation (SD). One-
way analysis of variance (ANOVA) was employed to compare 
multiple groups. A significance level of P<0.05 was used to 
determine statistical significance.
RESULTS
Effect of Mor on Cytokine Levels and Apoptosis in LPS-
treated IPE  As a first step, we screened the optimal Mor 
concentration on IPE cells using CCK-8, and we found that 
the proliferation of IPE was significantly reduced at Mor 
concentrations of 10, 20, and 40 μmol/L (P<0.01), while 
5 μmol/L Mor had no significant effect on the cell proliferation 
of IPE (P>0.05), therefore, Mor at 5 μmol/L was chosen for the 
subsequent experiments (Figure 1A). Second, we observed the 
effect of Mor on cytokine levels and apoptosis in LPS-treated 
IPE, and the results demonstrated that cell proliferation was 
significantly decreased (P<0.01; Figure 1B), while apoptosis 
(Figure 1C, 1D) and the levels of TNF-α, IL-6, and IL-8 (Figure 
1E) were significantly increased in LPS-treated IPE compared 

with the control group (P<0.01). After treatment with Mor, 
the above apoptosis and cytokine levels were significantly 
reversed, indicating that Mor may inhibit LPS-induced 
apoptosis and inflammatory responses.
Effect of Mor on the TLR4/JAK2/STAT3 Pathway in LPS-
treated IPE  Western blotting was employed to verify Mor’s 
effect on the TLR4/JAK2/STAT3 pathway in LPS-treated IPE. 
A significant difference was found between the LPS group and 
the control group in terms of TLR4, p-JAK2, and p-STAT3 
expression (P<0.01). As compared to the LPS group, the 
LPS+Mor group showed markedly decreased levels of TLR4, 
p-JAK2, and p-STAT3 (P<0.05), showing that Mor attenuated 
that the activation of TLR4/JAK2/STAT3 pathway induced by 
LPS (Figure 2).
Effect of Overexpression of TLR4 to Reactivate JAK/STAT 
Signaling Pathway on Mor Action on LPS-treated IPE  
Given that Mor demonstrated a reduction in the activation 
of the TLR4/JAK2/STAT3 pathway induced by LPS, we 
proceeded to overexpress TLR4 in order to restore the 
activity of the JAK/STAT signaling pathway. Subsequently, 
we investigated the impact of Mor on cells treated with LPS 
following the reactivation of the TLR4/JAK2/STAT3 pathway. 
The data showed that cell proliferation was significantly 
decreased (P<0.01; Figure 3A), while apoptosis (Figure 3B, 
3C) and the levels of TNF-α, IL-6, and IL-8 (Figure 3D) were 
significantly increased in LPS+Mor+ov-TLR4 compared with 
the LPS+Mor group (P<0.01), suggesting that the excessive 
expression of TLR4 hindered the facilitation of proliferation 
and the suppression of apoptosis of Mor in LPS-treated IPE.
Effect of Overexpression of TLR4 to Reactivate JAK/STAT 
Signaling Pathway on the TLR4/JAK2/STAT3 Pathway 
in LPS-treated IPE by Mor  Furthermore, using Western 
blotting, we also examined the expression levels of TLR4, 
JAK2, p-JAK2, STAT3, and p-STAT3 proteins. The findings 
revealed that the expressions of TLR4, p-JAK2 and p-STAT3 
in the LPS+Mor+ov-TLR4 group were increased compared 
with that in the LPS+Mor group (P<0.05; Figure 4), indicating 
that overexpression of TLR4 inhibited the inhibitory effect of 
Mor on JAK/STAT signaling pathway.
DISCUSSION
In the current investigation, it was observed that Mor exhibited 
a promotion of LPS-treated IPE cell proliferation, inhibition 
of LPS-treated IPE cell apoptosis and TNF-α, IL-6, and IL-8 
levels, and activation of the TLR4/JAK2/STAT3 pathway is 
attenuated by LPS. Moreover, Mor was less effective in IPE 
treated with LPS when TLR4 was overexpressed.
IPE is the pigment-containing layer of the iris’ posterior 
layer[22]. Under certain conditions, IPE cells can be transformed 
into neural retinal cells, lens epithelial cells, and so on[18]. 
Under inflammatory conditions IPE cells can participate in the 
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Figure 1 Effect of Mor on cytokine levels and apoptosis in LPS-treated IPE  A: Cell proliferation in the groups treated with different 

concentrations of Mor (n=4); B: Cell proliferation in each treatment group (n=4); C: Apoptosis in each group (n=3); D: Flow diagram of apoptosis 

in each treatment group (n=3); E: The levels of TNF-α, IL-6, and IL-8 in each treatment group (n=3). The mean±SD of three independent samples 

is presented. aP<0.01 compared with the 0 or control group, cP<0.01 compared with the LPS group.

Figure 2 Effect of Mor on the TLR4/JAK2/STAT3 pathway in LPS-treated IPE  The expression of TLR4, JAK2, p-JAK2, STAT3, and p-STAT3 in cells 

(n=3). Data were represented as mean±SD of three independent samples. The data in Western blot assays were showed after being normalized 

to β-actin. aP<0.01 compared with the control group,  bP<0.05, cP<0.01 compared with the LPS group.
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Figure 3 Effect of overexpression of TLR4 to reactivate JAK/STAT signaling pathway on Mor action on LPS-treated IPE  A: Cell proliferation in 

each treatment group (n=4); B: Apoptosis in each treatment group (n=3); C: Flow diagram of apoptosis in each treatment group (n=3); D: The 

levels of TNF-α, IL-6, and IL-8 in each treatment group (n=3). The mean±SD of three independent samples is presented. aP<0.01 compared with 

the control group,  bP<0.05, cP<0.01 compared with the LPS group, dP<0.01 compared with the LPS+Mor group.

Figure 4 Effect of overexpression of TLR4 to reactivate JAK/STAT signaling pathway on the TLR4/JAK2/STAT3 pathway in LPS-treated IPE by 

Mor  The mean±SD of three independent samples is presented. The data in Western blot assays were showed after being normalized to β-actin 

(n=3). aP<0.01 compared with the control group, bP<0.05, cP<0.01 compared with the LPS group, eP<0.05, dP<0.01 compared with the LPS+Mor 

group.
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inflammatory response[23]. In the current study, it was observed 
that IPE cells treated with LPS exhibited a notable inhibition 
of proliferation and a marked elevation in cell apoptosis. 
However, these effects were significantly counteracted upon 
treatment with Mor, suggesting its potential in inhibiting 
apoptosis induced by LPS. Moreover, inflammation assumes a 
crucial role in the pathogenesis of uveitis, and the therapeutic 
objective for this condition is to mitigate inflammation and 
safeguard ocular tissues from harm[24]. And autoimmune 
inflammation caused by LPS is one of the more common 
pathogenic factors[25]. It was found that cytokines TNF-α, 
IL-6, IL-8, and chemokines are involved in immune 
regulation, mediating cellular inflammatory responses and 
substance metabolism, and can regulate the pathogenesis of 
uveitis[26]. The effects of Mor on LPS-treated IPE cells were 
attenuated in this study as it inhibited TNF, IL-6, and IL-8 
levels. These findings align with prior investigations conducted 
on uveitis[27-28]. The anti-inflammatory properties of Mor were 
hypothesized to be a result of its ability to inhibit the synthesis 
of TNF-α, IL-6, and IL-8. 
The transmembrane protein TLR4, which belongs to the 
pattern recognition receptor family, has been implicated in 
acute endotoxic uveitis pathogenesis. According to research 
findings, LPS activates the TLR4 signaling pathway, 
resulting in the upregulation of pro-inflammatory cytokines, 
including TNF-α, IL-1β, and IL-6, in the serum, consequently 
triggering an inflammatory response in the ocular tissues[29]. 
Furthermore, the activation of TLR4 induces the activation of 
intricate signaling pathways, encompassing mitogen-activated 
protein kinases (MAPKs) such as p38, JNK, and ERK, 
phosphatidylinositol 3-kinase (PI3K), and GTPases[30]. The 
Janus kinase 2 (JAK2) is a crucial regulator of various cellular 
processes such as proliferation, differentiation, survival, and 
senescence. Additionally, it exerts control over the activity 
of other signaling molecules, including signal transduction 
and activator of transcription (STAT)[31]. Upon activation 
of JAK2, its own phosphorylation (p-JAK2) can create a 
docking site with STAT3, which activates the induction of 
STAT3 phosphorylation (p-STAT3)[32]. Uveitis-prone rabbit 
retinas express TLR4 according to previous studies[12]. In our 
study, it was observed that the treatment of IPE cells with LPS 
resulted in notable enhancements in the expression levels of 
TLR4, p-JAK2, and p-STAT3. Conversely, the presence of 
Mor exhibited inhibitory effects on the expression of TLR4, 
p-JAK2, and p-STAT3. More importantly, the effects of 
Mor on LPS-treated IPE cells were significantly inhibited 
after overexpression of TLR4, including cell proliferation, 
apoptosis, and levels of TNF-α, IL-6, IL-8, confirming 
that Mor may promote LPS-treated IPE cell proliferation, 
downregulate apoptosis and pro-inflammatory factor secretion 

by inhibiting the phosphorylation level of TLR4/JAK2/STAT3 
signaling pathway.
Overall, it was observed that Mor exhibited a stimulatory 
effect on cell proliferation, while also inhibiting apoptosis and 
the production of inflammatory cytokines in LPS-treated IPE 
cells. Additionally, Mor was found to suppress the activation 
of the TLR4/JAK2/STAT3 signaling pathway in these cells. 
However, it should be noted that the impact of Mor on LPS-
treated IPE cells was diminished upon TLR4 overexpression. 
It is important to acknowledge that this study only represents 
an initial investigation into the regulatory role of Mor in LPS-
treated IPE cells, and further comprehensive experimental 
validation is required to elucidate the precise mechanism by 
which Mor may be employed in the treatment of uveitis.
ACKNOWLEDGEMENTS
Authors’ contributions: Li WJ and Liu L performed the 
experiments, Lu H designed the experimental protocol and Li 
WJ wrote the paper.
Foundations: Supported by the Natural Science Foundation 
of Gansu Province (No.23JRRA0942); Innovation Fund for 
Colleges and Universities in Gansu Province (No.2021B-23).
Conflicts of Interest: Li WJ, None; Liu L, None; Lu H, None.
REFERENCES

1 Chang MH, Shantha JG, Fondriest JJ, Lo MS, Angeles-Han ST. Uveitis 

in children and adolescents. Rheum Dis Clin North Am 2021;47(4): 

619-641.

2 Egwuagu CE, Alhakeem SA, Mbanefo EC. Uveitis: molecular 

pathogenesis and emerging therapies. Front Immunol 2021;12:623725.

3 Ferreira LB, Farrall AL, Furtado JM, Smith JR. Treatment of 

noninfectious uveitis. Arq Bras Oftalmol 2021;84(6):610-621.

4 Brüner M, Dige A, Loft AG, Laurberg TB, Agnholt JS, Clemmensen K, 

McInnes I, Lories R, Iversen L, Hjuler KF, Kragstrup TW. Spondylitis-

psoriasis-enthesitis-enterocolitis-dactylitis-uveitis-peripheral synovitis 

(SPEED-UP) treatment. Autoimmun Rev 2021;20(2):102731.

5 Sun Y, Zhu Y, Liu XZ, Chai YM, Xu J. Morroniside attenuates high 

glucose-induced BMSC dysfunction by regulating the Glo1/AGE/

RAGE axis. Cell Prolif 2020;53(8):e12866.

6 Yu H, Yao S, Zhou CC, et al. Morroniside attenuates apoptosis and 

pyroptosis of chondrocytes and ameliorates osteoarthritic development 

by inhibiting NF-κB signaling. J Ethnopharmacol 2021;266:113447.

7 Yu BX, Wang W. Cardioprotective effects of morroniside in rats 

following acute myocardial infarction. Inflammation 2018;41(2): 

432-436.

8 Zeng GY, Ding WJ, Li Y, Sun MY, Deng LY. Morroniside protects 

against cerebral ischemia/reperfusion injury by inhibiting neuron 

apoptosis and MMP2/9 expression. Exp Ther Med 2018;16(3): 

2229-2234.

9 Zhang J, Wang HH. Morroniside protects against chronic atrophic 

gastritis in rat via inhibiting inflammation and apoptosis. Am J Transl 

Res 2019;11(9):6016-6023.



1934

10 Yuan JH, Cheng WP, Zhang GY, Ma QJ, Li XM, Zhang B, Hu TH, 

Song G. Protective effects of iridoid glycosides on acute colitis via 

inhibition of the inflammatory response mediated by the STAT3/NF-

кB pathway. Int Immunopharmacol 2020;81:106240.

11 Peng ZC, He J, Pan XG, et al. Secoiridoid dimers and their biogenetic 

precursors from the fruits of Cornus officinalis with potential 

therapeutic effects on type 2 diabetes. Bioorg Chem 2021;117:105399.

12 Han XK, Chen X, Chen SL, et al. Tetramethylpyrazine attenuates 

endotoxin-induced retinal inflammation by inhibiting microglial 

activation via the TLR4/NF-κB signalling pathway. Biomed 

Pharmacother 2020;128:110273.

13 Zhuang XN, Ma J, Xu SS, Sun ZC, Zhang R, Zhang M, Xu GZ. SHP-

1 suppresses endotoxin-induced uveitis by inhibiting the TAK1/JNK 

pathway. J Cell Mol Med 2021;25(1):147-160.

14 Li S, Lu H, Hu XF, Chen W, Xu YZ, Wang J. Expression of TLR4-

MyD88 and NF-κB in the iris during endotoxin-induced uveitis. 

Mediators Inflamm 2010;2010:748218.

15 Ren JL, Yu QX, Ma D, Liang WC, Leung PY, Ng TK, Chu WK, 

Schally AV, Pang CP, Chan SO. Growth hormone-releasing hormone 

receptor mediates cytokine production in ciliary and iris epithelial 

cells during LPS-induced ocular inflammation. Exp Eye Res 

2019;181:277-284.

16 Zhu H, Jian ZH, Zhong Y, Ye YZ, Zhang YG, Hu XY, Pu B, Gu LJ, 

Xiong XX. Janus kinase inhibition ameliorates ischemic stroke injury 

and neuroinflammation through reducing NLRP3 inflammasome 

activation via JAK2/STAT3 pathway inhibition. Front Immunol 

2021;12:714943.

17 Hoffmann A, Nakamura K, Tsonis PA. Intrinsic lens forming 

potential of mouse lens epithelial versus newt iris pigment epithelial 

cells in three-dimensional culture. Tissue Eng Part C Methods 

2014;20(2):91-103.

18 Grigoryan EN. Pigment epithelia of the eye: cell-type conversion in 

regeneration and disease. Life 2022;12(3):382.

19 Zhang T, Bai XF, Chi H, Liu T, Li SX, Wei C, Shi WY. The mounted 

alloimmunity of the iris-ciliary body devotes a hotbed of immune cells 

for corneal transplantation rejection. Exp Eye Res 2022;222:109167.

20 Mai K, Chui JJ, di Girolamo N, McCluskey PJ, Wakefield D. Role 

of toll-like receptors in human iris pigment epithelial cells and their 

response to pathogen-associated molecular patterns. J Inflamm 

2014;11:20.

21 Ryan FJ, Carr JM, Furtado JM, Ma YF, Ashander LM, Simões M, 

Oliver GF, Granado GB, Dawson AC, Michael MZ, Appukuttan 

B, Lynn DJ, Smith JR. Zika virus infection of human iris pigment 

epithelial cells. Front Immunol 2021;12:644153.

22 Lo SM, Hwang YS, Liu CL, Shen CN, Hong WH, Yang WC, Lee 

MH, Shen CR. Inhibiting TLR7 expression in the retinal pigment 

epithelium suppresses experimental autoimmune uveitis. Front 

Immunol 2022;12:736261.

23 Sanjiv N, Osathanugrah P, Fraser E, Ng TF, Taylor AW. Extracellular 

soluble membranes from retinal pigment epithelial cells mediate 

apoptosis in macrophages. Cells 2021;10(5):1193.

24 Yuan ZH, Chen XY, Yang WM, Lou BS, Ye N, Liu YZ. The anti-

inflammatory effect of minocycline on endotoxin-induced uveitis and 

retinal inflammation in rats. Mol Vis 2019;25:359-372.

25 Wang J, Wu HR, Liu XL, Jia HY, Lu H. Effect of LPS on cytokine 

secretion from peripheral blood monocytes in juvenile idiopathic 

arthritis-associated uveitis patients with positive antinuclear antibody. 

J Immunol Res 2021;2021:6691681.

26 Kim TW, Han JM, Han YK, Chung H. Anti-inflammatory effects of 

Sinomenium acutum extract on endotoxin-induced uveitis in lewis rats. 

Int J Med Sci 2018;15(8):758-764.

27 Alshamsan A, Abul Kalam M, Vakili MR, et al. Treatment of 

endotoxin-induced uveitis by topical application of cyclosporine 

a-loaded PolyGel™ in rabbit eyes. Int J Pharm 2019;569:118573.

28 Yang L, Qiu YG, Liu JY, Lin R, Yu P, Fu XY, Hao BT, Lei B. 

Retinal transcriptome analysis in the treatment of endotoxin-induced 

uveitis with tetramethylpyrazine eye drops. J Ocul Pharmacol Ther 

2019;35(4):235-244.

29 Liu YS, Zhao CY, Meng JY, Li N, Xu ZR, Liu XY, Hou SP. Galectin-3 

regulates microglial activation and promotes inflammation through 

TLR4/MyD88/NF-kB in experimental autoimmune uveitis. Clin 

Immunol 2022;236:108939.

30 Olsnes C, Olofsson J, Aarstad HJ. MAPKs ERK and p38, but not 

JNK phosphorylation, modulate IL-6 and TNF-α secretion following 

OK-432 in vitro stimulation of purified human monocytes. Scand J 

Immunol 2011;74(2):114-125.

31 Li Q, Cheng Y, Zhang SH, Sun XH, Wu JH. TRPV4-induced Müller 

cell gliosis and TNF-α elevation-mediated retinal ganglion cell 

apoptosis in glaucomatous rats via JAK2/STAT3/NF-κB pathway. J 

Neuroinflammation 2021;18(1):271.

32 Tang HX, Kong LC, Yang YQ, Li JJ, Zou H. Puerarin suppresses 

hypoxia-induced vascular endothelial growth factor upregulation in 

human retinal pigmented epithelial cells by blocking JAK2/STAT3 

pathway. Bioengineered 2022;13(5):11636-11645.

Morroniside ameliorates LPS-induced inflammation in iris pigment epithelial cells


	_Hlk138842481
	OLE_LINK119
	OLE_LINK120
	_Hlk141994889
	_Hlk149212659
	_Hlk85751328
	_Hlk149464922
	_Hlk141035055
	_Hlk141035072
	OLE_LINK3
	_Hlk149230317
	_GoBack
	OLE_LINK55
	_Hlk91268773
	_Hlk91268756
	_Hlk90061687
	_Hlk90061740
	_Hlk91271193
	_Hlk91277122
	_Hlk91277098
	_Hlk103511401
	_Hlk103509971
	_Hlk91530374
	OLE_LINK36
	OLE_LINK40
	_Hlk125143863
	_Hlk147149598
	_Hlk149230317
	OLE_LINK2
	_Hlk125124798
	_Hlk124369820
	OLE_LINK7
	_Hlk125183722
	_Hlk125190237
	_Hlk125189680
	_Hlk125190148
	OLE_LINK3
	_Hlk147147616
	_Hlk147400311
	_Hlk147400528
	_Hlk149837571
	_Hlk10105297
	OLE_LINK67
	OLE_LINK69
	_Hlk142899008
	OLE_LINK43
	OLE_LINK54
	OLE_LINK19
	_Hlk32259577
	_Hlk32259610
	_Hlk32259623
	OLE_LINK20
	OLE_LINK45
	OLE_LINK51
	OLE_LINK46
	OLE_LINK41
	OLE_LINK12
	OLE_LINK24
	OLE_LINK37
	_Hlk149230317
	OLE_LINK48
	OLE_LINK4
	OLE_LINK1
	OLE_LINK2
	OLE_LINK65
	_Hlk535998111
	OLE_LINK6
	OLE_LINK7
	OLE_LINK9
	OLE_LINK10
	OLE_LINK17
	OLE_LINK8
	_Hlk536000257
	OLE_LINK13
	OLE_LINK14
	OLE_LINK39
	OLE_LINK40
	OLE_LINK15
	OLE_LINK16
	translation_sen_id-4
	translation_sen_id-1
	translation_sen_id-3
	OLE_LINK21
	OLE_LINK35
	OLE_LINK52
	OLE_LINK56
	OLE_LINK59
	OLE_LINK62
	OLE_LINK31
	OLE_LINK3
	OLE_LINK29
	OLE_LINK32
	OLE_LINK33
	OLE_LINK34
	_Hlk148605665
	PositionBeforeFormat
	OLE_LINK1
	OLE_LINK46
	OLE_LINK13
	OLE_LINK20
	OLE_LINK23
	OLE_LINK24
	OLE_LINK10
	OLE_LINK14
	OLE_LINK16
	OLE_LINK15
	OLE_LINK17
	OLE_LINK27
	OLE_LINK19
	OLE_LINK30
	OLE_LINK32
	OLE_LINK29
	OLE_LINK3
	OLE_LINK26
	OLE_LINK9
	OLE_LINK34
	OLE_LINK35
	OLE_LINK36
	OLE_LINK4
	OLE_LINK21
	OLE_LINK5
	_Hlk137221880
	OLE_LINK6
	OLE_LINK12
	OLE_LINK11
	OLE_LINK37
	OLE_LINK7
	OLE_LINK28
	OLE_LINK84
	OLE_LINK39
	OLE_LINK38
	OLE_LINK47
	OLE_LINK64
	OLE_LINK61
	OLE_LINK8
	OLE_LINK65
	OLE_LINK74
	OLE_LINK71
	OLE_LINK72
	OLE_LINK85
	OLE_LINK70
	OLE_LINK73
	OLE_LINK77
	OLE_LINK42
	OLE_LINK44
	OLE_LINK76
	OLE_LINK89
	OLE_LINK91
	OLE_LINK92
	_Hlk142676516
	_Hlk142676531
	OLE_LINK100
	OLE_LINK97
	OLE_LINK101
	OLE_LINK81
	OLE_LINK102
	OLE_LINK103
	OLE_LINK43
	OLE_LINK45
	OLE_LINK48
	OLE_LINK63
	OLE_LINK58
	OLE_LINK55
	OLE_LINK56
	OLE_LINK53
	OLE_LINK59
	OLE_LINK52
	OLE_LINK98
	OLE_LINK99
	OLE_LINK68
	OLE_LINK69
	_Hlk137221912
	_Hlk124004506
	_Hlk124004279
	_Hlk149055863
	_Hlk124016688
	OLE_LINK16
	OLE_LINK13
	_Hlk16518107
	_Hlk97195352
	_Hlk67576982
	OLE_LINK1
	_Hlk88747580
	_Hlk150440374
	_Hlk108183234
	OLE_LINK3
	OLE_LINK2
	OLE_LINK4
	_Hlk88748841
	OLE_LINK18
	OLE_LINK21
	_Hlk83730683
	_Hlk133177996
	OLE_LINK19
	_Hlk88748625
	OLE_LINK20
	OLE_LINK22
	OLE_LINK23
	OLE_LINK24
	OLE_LINK5
	Dynamic tear meniscus parameters in complete blinking: insights into dry eye assessment
	Ying-Huai Zhang1,2, Jun Feng3, Chen-Yuan Yi1,2, Xian-Yu Deng1,2, Yong-Jin Zhou1,2, Lei Tian3, Ying Jie3

	Effects of diquafosol sodium in povidone iodine-induced dry eye model
	Can Zhang1, He Wang2, Dong-Yan Chen3, Kai Zhao1, Wei Wang2, Ming-Xin Li2

	Morroniside ameliorates lipopolysaccharide-induced inflammatory damage in iris pigment epithelial cells through inhibition of TLR4/JAK2/STAT3 pathway 
	Wen-Jie Li1,2, Lin Liu2, Hong Lu1,3 

	Role of reactive oxygen species in epithelial­—mesenchymal transition and apoptosis of human lens epithelial cells
	Rui-Hua Jing1, Cong-Hui Hu2, Tian-Tian Qi2, Bo Ma2

	Electroacupuncture alleviates ciliary muscle cell apoptosis in lens-induced myopic guinea pigs through inhibiting the mitochondrial signaling pathway
	Zhao-Hui Yang1, Jia-Wen Hao1, Jin-Peng Liu1, Bo Bao1, Tu-Ling Li1, Qiu-Xin Wu2, Ming-Guang He3, Hong-Sheng Bi2,4, Da-Dong Guo4

	De novel heterozygous copy number deletion on 7q31.31-7q31.32 involving TSPAN12 gene with familial exudative vitreoretinopathy in a Chinese family
	Shuang Zhang, Hai-Ming Yong, Gang Zou, Mei-Jiao Ma, Xue Rui, Shang-Ying Yang, Xun-Lun Sheng

	A pedigree with retinitis pigmentosa and its concomitant ophthalmic diseases
	Hong-Dou Luo, Shao-Nan Pei, Ai-Jia Wang, Xue-Qing Yu, Hai-Jian Hu, Ling Zeng, Fei-Fei Wang, Ming Jin, Xu Zhang 

	Clinical significance of episcleral venous fluid wave in gonioscopy-assisted transluminal trabeculotomy
	Liu-Zhi Zeng1, Yu He1, Xiao-Qin Wang1, Yi-Ping Xian1, Han-Ying Fan1, Lin Jing1, Jing Shu1, Qin Li1, Ning-Li Wang2

	Retinal microvascular and microstructural alterations in the diagnosis of meibomian gland dysfunction in severely obese population: a new approach
	Hai Huang1, Xiao-Yu Wang2,3, Hong Wei4,5, Min Kang4,5, Jie Zou4,5, Qian Ling4,5, San-Hua Xu4,5, Hui Huang4,5, Xu Chen6, Yi-Xin Wang7, Yi Shao4,5, Yao Yu2

	Ocular surface microbiota in patients with varying degrees of dry eye severity
	Xin-Rong Zou1,2, Pei Zhang3,4, Yuan Zhou1,2, Yao Yin1,2

	Symmetrical femtosecond laser arc incision in correcting corneal astigmatism in cataract patients
	Zun-Xia Hu1, Jing Sima1, Jia-Guo Cao1, Yan Ke1, Ying-Ying Zhang1, Qiong-Tian Guo1, Yu-Ping He1, Hong-Xia Liao1, Xiao Tan1, Bo Qin1, Li Li1,2

	Surgical outcome comparisons of multifocal IOLs of Lentis Comfort LS-313 MF15 and Tecnis Eyhance DIB00V
	Kyohei Sugawara, Ryosuke Ito, Hiroshi Horiguchi, Kei Mizobuchi, Satoshi Katagiri, Hisato Gunji, Tadashi Nakano

	Effect of low dose laser cycloplasty on deepening anterior chamber in chronic angle-closure glaucoma
	Xuan-Li Zheng1, Hai-Shuang Lin1, Xiao-Jie Wang1, Jia-Qian Li1, Yan-Qian Xie2,3, Shao-Dan Zhang2,3, Yuan-Bo Liang2,3

	Peripapillary and macular vascular densities in healthy, ocular hypertensive, and different stages of glaucomatous eyes
	Caner Öztürk1, Sirel Gür Güngör2, Ümit Ekşioğlu2, Almila Sarıgül Sezenöz2, Meriç Çolak3

	Optical coherence tomography angiography characteristics of exudative and non-exudative treatment-naïve pachychoroid neovasculopathy
	Chun Yang, Zu-Hua Sun, Ting-Ye Zhou, Wei-Wei Zheng, Xiao-Ling Liu, Bing Lin

	Risk factors and prognosis of pediatric rhegmatogenous retinal detachment in Egypt: a university hospital based study
	Mohamed Gaber Eissa, Mohamad Amr Salah Eddin Abdelhakim, Tamer Ahmed Macky, Hassan Aly Mortada

	Retinal laser photocoagulation and intravitreal injection of anti-VEGF for hemorrhagic retinal arterial microaneurysm
	Ying Huang, Wei-Wei Zheng, Ying-Zi Li, Zu-Hua Sun, Bing Lin

	Optical coherence tomography angiography for macular microvessels in ischemic branch retinal vein occlusion treated with conbercept: predictive factors for the prognosis
	Li Tang, Guang-Li Sun, Yue Zhao, Ting-Ting Yang, Jin Yao 

	How long does the recovery of corneal sensitivity in different corneal regions take after LASEK?
	Ali Mirzajani1, Aria Bouyeh1, Fatemeh Khezri1, Ebrahim Jafarzadehpur1, Farid Karimian2 

	Peripapillary intrachoroidal cavitation at the crossroads of peripapillary myopic changes
	Adèle Ehongo1, Zaki Hasnaoui1, Nacima Kisma1, Yassir Alaoui Mhammedi1, Artemise Dugauquier1, Kevin Coppens2, Eloïse Wellens3, Viviane de Maertelaere4, Françoise Bremer1, Karelle Leroy5

	Quality of life and depression among patients with high myopia in Nigeria–a cross sectional study
	Uchechukwu Levi Osuagwu1,2, Kelechukwu Enyinnaya Ahaiwe3, Nnaemeka Meribe4, Elizabeth Dennis Nkanga5, Bernadine Nsa Ekpenyong6, Affiong Andem Ibanga5, Piwuna Christopher Goson7, Dennis George Nkanga5

	Observation of peripheral refraction in myopic anisometropia in young adults
	Yu-Qin Du1,2, Yue-Hua Zhou1,2, Ming-Wei Ding1,2, Ming-Xu Zhang1,2, Yu-Juan Guo1,2, Shan-Shan Ge1,2

	Evaluation of macular choroidal and microvascular network changes by activity scores and serum antibodies in thyroid eye patients and healthy subjects
	Mehmet Erkan Dogan1, Ibrahim Basol2, Hatice Deniz Ilhan1, Yusuf Ayaz1, Olgar Ocal3 

	Agreements’ profile of Scheimpflug-based optical biometer with gold standard partial coherence interferometry
	Sara Sardari1,2, Akbar Fotouhi3, Ebrahim Jafarzadehpur4, Mehdi Khabazkhoob5

	Different approaches for treating myopic choroidal neovascularization: a network Meta-analysis
	Ya-Jun Wu1,2,3, Yu-Liang Feng1,2,3, Jia-Song Yang1,2,3, Hua Fan2,3, Wen-Sheng Li1,2,3

	Visualized analysis of research on myopic traction maculopathy based on CiteSpace
	Heng-Di Zhang1, Ling Zhang2, Fei Han1, Ning Lin1, Wei Jiang1

	Glaucoma among Saudi Arabian population: a scoping review
	Ismail Abuallut1, Mohammed Khalid Arishi2, Ahmed Mustafa Albarnawi2, Sumayyah Ali Jafar2, Abdullah Mohammed Alamer2, Tahani Hassan Altubayqi2, Mohammed Ahmed Hadadi2, Mohand Abdullah Alasiri2

	Three siblings with gyrate atrophy of the choroid and retina: a case report
	Maamouri Rym1,4, Ferchichi Molka1,4, Ben Chehida Amel2,4, Hadj-Taieb Sameh3,4, Cheour Monia1,4

	Endoscopic transnasal optic canal decompression for pediatric traumatic optic neuropathy with no light perception
	Yuan Ning1, Chun-Xia Wang1, Zi-Yan Yu1, Yong Wang2


