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C1q/TNF-related protein-9 (CTRP9) has been reported to play roles in several 
types of retinal diseases. However, the role and the potential mechanism of CTRP9 
in glaucoma are still incompletely understood. The expression of CTRP9 in  
OGD/R-induced retinal ganglion cells (RGCs) was detected by quantitative  
real-time polymerase chain reaction and western blot assay. 
Cell proliferation was identified by cell counting Kit-8 assay. Flow cytometry, en-
zyme-linked immunosorbent assay and western blot assay were performed to as-
sess cell apoptosis. Unfolded protein response (UPR), endoplasmic reticulum (ER) 
stress and the AMPK pathway were evaluated by western blot assay. 
The data showed that the expression of CTRP9 was significantly downregulated in 
OGD/R-induced 661W cells. OGD/R treatment reduced cell viability, promoted 
cell apoptosis and activated the UPR and ER stress. The overexpression of CTRP9 
reversed the effects of OGD/R on 661W cell viability, apoptosis, the UPR and 
ER stress, as well as the AMPK pathway. However, Compound C, an inhibitor 
of AMPK signaling, reversed the protection of CTRP9 overexpression against injury 
from OGD/R in 661W cells. 
In summary, the results revealed that CTRP9 abated the apoptosis and UPR 
of OGD/R-induced RGCs by regulating the AMPK pathway, which may provide 
a promising target for the treatment of glaucoma.

Key words: C1q/TNF-related protein-9, glaucoma, OGD/R, AMPK, unfolded 
protein response.

Introduction

Glaucoma encompasses a range of chronically pro-
gressive disorders affecting the optic nerve, charac-
terized by the expansion of optic nerve physiology 
sag and the progressive degeneration of retinal gan-
glion cells (RGCs) [1]. Retinal ganglion cells apop-
tosis and optic nerve fiber loss are the pathological 
basis of glaucoma blinding, and blindness caused 
by glaucoma is usually irreversible [2]. Studies have 

found that elevated intraocular pressure is the main 
pathogenic factor of glaucoma, and reducing intraoc-
ular pressure is the main clinical treatment. However, 
the causes of glaucoma are complex, so simply low-
ering intraocular pressure cannot completely prevent 
the development of glaucoma [3–5]. The retinal gan-
glion cells are neurons of the central nervous system 
and they can receive signals, process them, and trans-
mit them in axons through the optic nerve to further 
centers in the brain [6]. The apoptosis of RGCs is 
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considered to be closely related to the pathogenesis 
of glaucoma, which is affected by a variety of factors, 
including interrupting nutritional factors, abnormal 
blood supply, increased glutamate and nitric oxide 
and gene mutations [7]. Thus, it is of critical impor-
tance for us to explore the molecular mechanisms in-
volved in the apoptosis of RGCs and how to prevent 
the loss of RGCs in glaucoma.

C1q/TNF-related protein-9 (CTRP9) is a newly 
discovered adipose tissue-derived cytokine, which is 
involved in the clearance of apoptotic cells by phago-
cytes, regulation of the inflammatory response and 
immune tolerance [8]. A previous study revealed that 
CTRP9 is associated with regulation of the biological 
roles of the retina [9]. CTRP9 is reported to atten-
uate retinal inflammation, protect the blood-retinal 
barrier, and alleviate the vascular leakage in the early 
stage of diabetic retinas [10]. CTRP9 was signifi-
cantly downregulated in HG-induced ARPE-19 cells 
and attenuated HG-induced oxidative stress and pre-
vented apoptosis in human retinal pigment epithelial 
cells via activation of the AMPK/Nrf2 pathway [11].  
Li et al. also reported that CTRP9 was lowly ex-
pressed in retinal tissues from mice with diabetes 
mellitus and CTRP9 overexpression attenuated ret-
inal inflammation and protected the blood-retinal 
barrier in db/db mice [12]. In addition, CTRP9 pro-
tected against acute cardiac ischemia-reperfusion 
injury via an AMPK-dependent mechanism [13]. 
CTRP9 also improved neurofunctional behavior and 
inhibited the neuronal apoptosis in mice subject-
ed to experimental intracerebral hemorrhage [14].  
Although an important role for CTRP9 in the retina 
and neurons has been researched, molecular mecha-
nisms regulated by CTRP9 during glaucoma remain 
unclear. Therefore, we aimed to explore the role 
of CTRP9 in oxygen-glucose deprivation/reperfusion 
(OGD/R)-induced RGCs and how CTRP9 influences 
the process of glaucoma.

Material and methods

Cell culture and treatment

The 661W photoreceptor cells, which were de-
rived from a murine retinal tumor and have similar 
cellular and biochemical characteristics to cone pho-
toreceptor neurons, were provided by Dr. Muayyad 
Al-Ubaidi (University of Oklahoma Health Sciences 
Center) [15–17]. 661W cells were cultured in Dul-
becco’s modified Eagle’s medium (DMEM) with 10% 
fetal bovine serum (FBS), 100 U/ml penicillin and 
100 μg/ml streptomycin at 37°C in a humid incu-
bator with 5% CO2. To establish an in vitro OGD/R 
model, 661W cells were cultured with glucose-free 
DMEM in an oxygen-free incubator with 5% CO2 
and 95% N2 at 37°C for 2 hours. After hypox-
ia, the cells were transferred to normal medium 

in an atmosphere with 95% air and 5% CO2 for  
12 hours. To explore the relationship between CTRP9 
and the AMPK signaling pathway, Compound C 
(10 μM), an inhibitor of AMPK, was adopted to treat 
661W cells for 30 min.

Cell transfection

CTRP9-specific pcDNA overexpression vector 
(Oe-CTRP9) and corresponding negative control 
(Oe-NC) were synthesized by GenePharma (Shang-
hai, China). These recombinants were transfected 
into 661W cells using Lipofectamine 2000 reagent 
(Invitrogen, USA) according to the manufacturer’s 
instructions. After 48 h, cells were harvested for 
the following assays.

Cell counting Kit-8 assay

661W cells were transfected with Oe-CTRP9 and 
exposed to OGD/R. After that, the cells were seeded 
into 96-well plates at a density of 5 × 104 cells/ml 
and cultured in DMEM with 10% FBS for 24, 48 and  
72 hour. After the time points, 10 μl of cell counting 
Kit-8 (CCK-8) solution (Beyotime, Haimen, China) 
was added to each well and the plates were incubated 
at 37°C for 2 hours, and then the absorbance at 450 nm 
was measured with Microplate Reader (Bio-Rad,  
La Jolla, CA, USA).

Flow cytometry

Cell apoptosis was detected using FITC Annexin 
V/PI Apoptosis Detection Kit I (Ribobio, Guang-
zhou, China) according to the manufacturer’s proto-
col. Cells were transfected with Oe-CTRP9 and ex-
posed to OGD/R. Subsequently, cells were collected, 
washed with precooled phosphate buffer saline and 
re-suspended in binding buffer. Cells were incubated 
with 5 μl of Annexin V-FITC at normal tempera-
ture for 15 min, followed by incubation with 10 μl 
of propidium iodide (PI, 10 mg/ml) in a dark room 
for 5 min. Flowjo software (Tree Star, Ashland, OR, 
USA) was used for apoptosis analysis.

Enzyme-linked immunosorbent assay 

The contents of cleaved caspase 3 in 661W cells 
were determined with enzyme-linked immunosor-
bent assay (ELISA) kits according to the instructions. 
The color absorbance was measured at 450 nm using 
a BioTek microplate reader (Winooski, VT, USA).

Quantitative real-time polymerase chain reaction 

Total RNAs were extracted from 661W cells  
using Trizol reagent (Invitrogen, Carlsbad, CA, USA). 
The quality and concentration of RNA were detected 
using a NanoDrop 2000 (Quawell, San Jose, CA, 
USA) at 260 and 280 nm. A cDNA Synthesis Kit 
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(TaKaRa, Japan) was used to reverse transcribe 2 μg 
of RNA into cDNA. Amplification of the cDNA 
was performed by quantitative real-time polymerase 
chain reaction (qRT-PCR) using the SYBR Premix 
Ex Taq II Kit (Takara, Shiga, Japan). The relative 
mRNA level was normalized with GAPDH by the  
2–ΔΔCt method.

Western blot assay

The total proteins were extracted from 661W 
cells using RIPA buffer (Auragene, Changsha,  
China). The BCA Protein Assay Kit (Dingguo, Bei-
jing, China) was used to detect the protein concen-
tration according to the manufacturer’s instructions. 
Protein samples were separated by 10% SDS-PAGE 
and electrophoretically transferred onto PVDF mem-
branes. Next, the membrane was blocked in 5% non-
fat milk for 1.5 hour and then incubated with prima-
ry antibodies (Bax, Bcl-2, p-PERK, PERK, p-eIF2α, 
eIF2α, GRP78, ATF6, CHOP, Caspase 12, XBP1, 
p-AMPK, AMPK, GAPDH) overnight at 4°C. Then, 
the membranes were incubated with anti-mouse or 
anti-rabbit secondary antibodies. The immunoreac-
tive protein bands were visualized using an enhanced 
chemiluminescence detection system (Amersham 
Pharmacia Biotech, Piscataway, NJ, USA) accord-
ing to the manufacturer’s instructions. The density 
of the band was determined using ImageJ software 
(Version 1.49; NIH, Bethesda, MD, USA).

Statistical analysis

All statistical analyses were conducted using statis-
tical analysis software (SPSS, Version 23.0). All data 
are presented as the mean ±SD (standard deviation) 
from at least three independent experiments. Stu-
dent’s t-test was used for the comparison between two 
groups. Results were analyzed by one-way ANOVA 
followed by Bonferroni post hoc test for multiple com-
parisons. Values of p < 0.05 were considered to be 
statistically significant.

Results

CTRP9 was downregulated in OGD/R-induced 
661W cells, and upregulation of CTRP9 
increased cell viability

To investigate the role of CTRP9 in the glaucoma 
development, we detected the expression of CTRP9 
in OGD/R-induced 661W cells. As shown in Fig-
ures 1A, B, the mRNA expression and protein lev-
el of CTRP9 in OGD/R-induced 661W cells were 
significantly lower than those in untreated 661W 
cells. Then we transfected Oe-CTRP9 to upregu-
late CTRP9 in OGD/R-induced 661W cells and 
the transfection efficiency was detected by qRT-PCR 
and western blot analysis (Figs. 1C, D). CCK-8 assay 

showed that the capacity of cell proliferation was re-
markably inhibited after treatment of OGD/R and 
CTRP9 overexpression increased the cell proliferation 
in OGD/R-induced 661W cells (Fig. 1E).

Upregulation of CTRP9 inhibited  
OGD/R-induced apoptosis of 661W cells

To explore the biological roles of CTRP9 in  
OGD/R-induced 661W cells, we measured the cell 
apoptosis. As shown in Figures 1A, B, the apoptosis 
rate of OGD/R-induced 661W cells was noticeably 
increased while CTRP9 overexpression alleviated 
the apoptosis rate of 661W cells (Figs. 2A, B). In ad-
dition, ELISA results showed that OGD/R increased 
the level of cleaved caspase 3 and CTRP9 overexpres-
sion reduced the increased cleaved caspase 3 level 
(Fig. 2C). Western blot assay revealed that OGD/R 
led to an increased Bcl-2 level and decreased Bax  
level, while upregulation of CTRP9 reversed the lev-
els of Bcl-2 and Bax (Fig. 2D).

CTRP9 overexpression repressed  
OGD/R-induced unfolded protein response  
and endoplasmic reticulum stress in 661W cells

Then, we investigated the effects of CTRP9 over-
expression on unfolded protein response (UPR) and 
endoplasmic reticulum (ER) stress in OGD/R-in-
duced 661W cells. As shown in Figure 3, OGD/R 
treatment significantly enhanced the protein levels 
of p-PERK, p-eIF2α, GRP78, ATF6, CHOP, Caspase 
12 and XBP1 in 661W cells. However, CTRP9 over-
expression reversed the levels of these proteins in 
OGD/R-induced 661W cells.

AMPK inhibition reversed the protective effect 
of CTRP9 overexpression on OGD/R-induced 
661W cells

To investigate the potential mechanism by which 
CTRP9 overexpression regulates glaucoma, we 
detected the expressions of the AMPK signaling 
in 661W cells. As shown in Figure 4A, the level 
of p-AMPK was inhibited by OGD/R and CTRP9 
overexpression rehabilitated the decreased p-AMPK 
level. CCK-8 assay revealed that the inhibitor 
of AMPK Compound C decreased the cell prolifera-
tion of OGD/R-induced 661W cells (Fig. 4B). Flow 
cytometry showed that the inhibition of AMPK in-
creased the rate of cell apoptosis (Figs. 4C, D). In ad-
dition, Compound C treatment elevated the protein 
levels of cleaved caspase 3 and Bax while it reduced 
the Bcl-2 level (Figs. 4E, F). Moreover, Compound 
C promoted the protein expression of p-PERK, 
p-eIF2α, GRP78, ATF6, CHOP, caspase 12 and 
XBP1 in OGD/R-induced 661W cells transfected 
with Oe-CTRP9 (Fig. 5).
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Fig. 1. C1q/TNF-related protein-9 (CTRP9) is downregulated in OGD/R-induced 661W cells, and upregulation  
of CTRP9 increases the cell viability. mRNA expression (A) and protein level (B) of CTRP9 in OGD/R-induced 661W 
cells were detected by quantitative real-time polymerase chain reaction (qRT-PCR) and western blotting. mRNA ex-
pression (C) and protein level (D) of CTRP9 in OGD/R-induced 661W cells transfected with Oe-CTRP9 were detected  
by qRT-PCR and western blotting. E) Cell proliferation was evaluated by cell counting Kit-8 assay
Results are the mean ±SD. 
**p < 0.01, ***p < 0.001
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Fig. 2. Upregulation of C1q/TNF-related protein-9 inhibits OGD/R-induced apoptosis of 661W cells. A, B) Cell apoptosis 
was detected by flow cytometry. C) The level of cleaved caspase 3 was detected by enzyme-linked immunosorbent assay
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Fig. 2. Cont. D) Western blot assay was used to evaluate 
apoptotic-related protein levels
Results are the mean ±SD. 
**p < 0.01, ***p < 0.001

Discussion

Glaucoma is a complex eye disease characterized 
by loss of RGCs and damage to the optic nerve, re-
sulting in impaired vision [18]. Currently, the only 
effective clinical treatment for glaucoma is to prevent 
vision loss by reducing eye pressure with drugs or 
surgery, but it cannot prevent the effects of retinal 
ganglion cell loss on visual function [19–21]. Studies 
have shown that RGC apoptosis and optic nerve axon 
loss are the fundamental causes of optic nerve injury 
in glaucoma [22, 23]. Thus, it is crucial to protect 
the function of RGCs and inhibit cell apoptosis. In 
this study, CTRP9 expression was downregulated in 
OGD/R-induced RGCs. Overexpression of CTRP9 
restrained cell apoptosis, UPR and ER stress. In ad-

dition, CTRP9 overexpression inhibited AMPK sig-
naling and AMPK inhibition reversed the protective 
effect of CTRP9 overexpression on OGD/R-induced 
661W cells.

CTRPs, as bioactive cardiokines, are secreted by 
adipose tissue and cardiac endothelial cells [24]. Fur-
ther molecular identification of the CTRP family has 
shown various 15 constituents, including CTRP1 
to 15, which are adiponectin paralogs [25]. CTRP9 
has been reported to play regulatory roles in mul-
tiple types of ischemia/reperfusion injury [13, 26]. 
A study showed that cardiac-derived CTRP9 pro-
tected against myocardial ischemia/reperfusion inju-
ry by calreticulin-dependent inhibition of apoptosis 
[27]. Another study revealed that CTRP9 suppressed 
ER stress to protect diabetic rat hearts from isch-
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Fig. 3. C1q/TNF-related protein-9 overexpression re-
presses OGD/R-induced unfolded protein response and 
endoplasmic reticulum stress in 661W cells. Western blot 
assay was used to evaluate the protein levels of p-PERK, 
PERK, p-eIF2α, eIF2α, GRP78, ATF6, CHOP, caspase  
12 and XBP1 in OGD/R-induced 661W cells
Results are the mean ±SD. 
***p < 0.001
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Fig. 3. Cont.

emia/reperfusion injury through increasing the disul-
fide-bond A oxidoreductase-like protein [28]. In ad-
dition, CTRP9 can improve cell senescence through 
PGC-1α/AMPK signaling in mesenchymal stem 
cells, which is expected to enhance the therapeutic 
effect of stem cells in post-stroke brain repair [29]. In 
intracerebral hemorrhage mice, the activation of Ad-
ipoR1 with CTRP9 can improve neural function 
and maintain blood-brain barrier integrity through 
the APPL1/AMPK/Nrf2 signaling pathway [30]. 
In the current study, CTRP9 was lowly expressed in 
OGD/R-induced 661W cells and CTRP9 overexpres-
sion elevated the OGD/R-induced decreased cell vi-
ability, and inhibited OGD/R-induced cell apoptosis, 
UPR and ER stress, which was consistent with pre-
vious reports. However, we only performed in vitro 

experiments and did not conduct animal or clinical 
trials. The expression and functional roles of CTRP9 
in either an in vivo system or patient samples with 
retinal I/R should be explored in a further study.

AMPK is the central regulator of both lipid and 
glucose metabolism and is considered to be a poten-
tial therapeutic target for various diseases, including 
eye disorders [31]. Li et al. reported that metformin 
eye drops prevented fibrosis after glaucoma filtering 
surgery in rats by activating the AMPK/Nrf2 signal-
ing pathway [32. Kim et al. reported that apelin-13 
inhibited methylglyoxal (MGO) induced UPR and 
endothelial dysfunction by regulating the AMPK 
pathway, and MGO signaling-induced endothelial 
cell apoptosis was mediated by ER stress, which led 
to activation of the UPR [33]. Moreover, the CXCR3 
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Fig. 4. AMPK inhibition reverses the effects of C1q/TNF- 
related protein-9 overexpression on cell viability and apoptosis 
in OGD/R-induced 661W cells. A) Western blot assay was 
used to evaluate the protein levels of p-AMPK and AMPK. 
B) Cell proliferation was evaluated by cell counting Kit-8 
assay. C) Cell apoptosis was detected by flow cytometry
Results are the mean ±SD. 
**p < 0.01, ***p < 0.001
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Fig. 4. Cont. D) Cell apoptosis was detected by flow cy-
tometry. E) The level of cleaved caspase 3 was detected by 
enzyme-linked immunosorbent assay. F) Western blot assay 
was used to evaluate apoptotic-related protein levels
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Fig. 4. Cont. F) Western blot assay was used to evaluate apoptotic-related protein levels

pathway regulated by ER stress was found to me-
diate inflammation and neuronal damage in acute 
glaucoma [34]. Chitranshi et al. demonstrated that 
sustained Src homology region 2-containing protein 
tyrosine phosphatase 2 (Shp2) upregulation induced 
RGC degeneration and silencing of Shp2 in glaucoma 
reversed the inner retinal degenerative phenotype in 
glaucoma [35]. In addition, CTRP9 was reported to 
suppress high glucose-induced oxidative stress and 
apoptosis in retinal pigment epithelial cells through 
activation of the AMPK/Nrf2 signaling pathway 
[11]. In this study, CTRP9 overexpression activat-
ed the AMPK signaling in OGD/R-induced 661W 
cells. When the inhibitor of AMPK signaling was 
added, the effects of CTRP9 overexpression on cell 
viability, apoptosis, UPR and ER stress were reversed, 
indicating that CTRP9 regulated OGD/R-induced 

RGCs by mediating the AMPK signaling. Howev-
er, we did not add the inhibitor of CTRP9 because 
CTRP9 was downregulated in OGD/induced 661W 
cells and CTRP9 overexpression may show the roles 
of CTRP9 better, which will be considered in our 
further study.

Conclusions

In summary, the study indicated the functions 
of CTRP9 in OGD/R-induced RGC cell viability, 
apoptosis, UPR and ER stress by regulating AMPK 
signaling, suggesting that CTRP9 could be a prom-
ising therapeutic strategy for glaucoma.

The authors declare no conflict of interest.



51

CtRP9 mitigates the aPoPtosis anD unfolDeD PRotein ResPonse of ogD/R-inDuCeD Retinal ganglion Cells bY Regulating the amPK PathwaY 

Fig. 5. AMPK inhibition reverses the effects of C1q/
TNF-related protein-9 overexpression on OGD/R-induced 
unfolded protein response and ER stress in 661W cells. 
Western blot assay was used to evaluate the protein lev-
els of p-PERK, PERK, p-eIF2α, eIF2α, GRP78, ATF6, 
CHOP, caspase 12 and XBP1 in OGD/R-induced 661W 
cells with or without Compound C
Results are the mean ±SD. 
**p < 0.01, ***p < 0.001
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Fig. 5. Cont.
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