
Original Article

C1q/TNF-related Protein 9 Inhibits High
Glucose–Induced Oxidative Stress and
Apoptosis in Retinal Pigment Epithelial
Cells Through the Activation of AMPK/
Nrf2 Signaling Pathway

Yuhong Cheng1, Yun Qi1, Siwei Liu1, Rong Di1, Qiang Shi1,
Jiayu Li1, and Cheng Pei1

Abstract
Diabetic retinopathy (DR) is one of the common complications of diabetes mellitus. C1q/TNF-related protein 9 (CTRP9) has
been demonstrated to be associated with the progression of diabetes and relative complications. However, its role in DR and
underlying action of mechanism are not yet well understood. In the present study, human retinal pigment epithelial ARPE-19
cells were cultured under high concentration of glucose to simulate hyperglycemia condition in vitro. Our results showed that
the expression of CTRP9 was significantly decreased in high glucose (HG)–stimulated ARPE-19 cells. CTRP9 overexpression
improved HG-caused reduction in cell viability of ARPE-19 cells. CTRP9 overexpression significantly attenuated HG-induced
oxidative stress, as proved by decreased levels of reactive oxygen species and malondialdehyde, and increased superoxide
dismutase activity. Moreover, CTRP9 also prevented apoptosis in ARPE-19 cells in response to HG stimulation with decreased
caspse-3 activity and bax expression, as well as increased bcl-2 expression. In contrast, knockdown of CTRP9 aggravated
HG-induced oxidative stress and apoptosis. Furthermore, CTRP9 significantly induced the activation of AMPK/Nrf2 pathway
in HG-induced ARPE-19 cells. Notably, inhibiting AMPK or Nrf2 blocked the protective effect of CTRP9 on ARPE-19 cells
exposed to HG stimulation. Taken together, our findings suggested a protective effect of CTRP9 on HG-induced ARPE-19
cells and a putative mechanism involving the activation of AMPK/Nrf2 signaling pathway.
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Introduction

Diabetes mellitus (DM) is a chronic metabolic condition

characterized by an inability to produce or effectively use

insulin1,2. Diabetic retinopathy (DR) is a common and

specific microvascular complication of DM, along with dia-

betic neuropathy3. As the worldwide prevalence of DM con-

tinues to increase, DR remains the leading cause of

moderate-to-severe vision loss and blindness. Of the people

with diabetes, about a third have signs of DR, and a third of

these patients might have vision-threatening retinopathy4.

Apart from its effects on vision, the presence of DR is also

associated with a heightened risk of life-threatening sys-

temic vascular complications such as stroke, coronary heart

disease, and heart failure4. Conventional therapy is unable to

reverse the visual loss, but the outlook for future treatment

modalities is promising.

In recent years, C1q/TNF-related protein (CTRP) family

has attracted much interest because of its anti-inflammatory

and insulin-sensitizing effects5. The CTRP family of pro-

teins have been found to be associated with metabolic dis-

eases including obesity, insulin resistance, and type 2

diabetes (T2DM)6. For instance, Bai et al.7 demonstrated
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that serum CTRP1 is significantly higher and CTRP12 is

significantly lower in T2DM participants, which support

CTRP1 and CTRP12 as potential novel biomarkers for the

prediction and early diagnosis of T2DM. Chinese patients

with obesity and T2DM exhibit lower plasma CTRP3 con-

centration than healthy subjects. Low levels of CTRP3 are

not negatively correlated with insulin resistance8. CTRP5

levels in patients with coronary artery disease and T2DM

are lower than that of in control group, and CTRP5 exerts a

potential role in inflammatory process9.

Moreover, some CTRP proteins are involved in the

progression of diabetic complications. Moradi et al. reported

that the decreased serum level of CTRP3 in patients with

diabetic nephropathy is associated with pathologic mechan-

ism of diabetic nephropathy10. CTRP3 is implicated in the

pathogenesis of DR and serves as a novel biomarker for

DR11. Additionally, CTRP9, a member of CTRP family, is

known to be an adipokine involved in communication

among skeletal muscle, liver, and adipose tissue. It also plays

a critical role in T2DM12,13. Peterson et al. reported that the

circulating levels of CTRP9 were downregulated in

diet-induced obese mice, and CTRP9 transgenic mice had

a greatly improved metabolic profile with markedly reduced

fasting insulin and glucose levels14. However, the role of

CTRP9 in DR and underlying action of mechanism remain

unclear. The present study was to investigate the effects of

CTRP9 on oxidative stress and apoptosis in ARPE-19 cells

cultured with high glucose (HG).

Materials and Methods

Cell Culture and Treatment

The human retinal pigment epithelial ARPE-19 cells pur-

chased from the American Type Culture Collection (ATCC,

Manassas, VA, USA) were cultivated with ATCC-formulated

Dulbecco’s modified Eagle’s medium/F12 (ATCC) contain-

ing 10% fetal bovine serum in an incubator containing 5%
CO2 at 37�C. Cells in control group were cultured in normal

glucose medium (5.5 mM). Cells in HG group were cultured

in HG medium (25 mM).

CTRP9 Overexpression and Cell Transfection

The CTRP9 expressing plasmid pcDNA3.0-CTRP9 was

constructed by inserting the full length of CTRP9 into the

pcDNA3.0 vector. The pcDNA3.0-CTRP9 or empty

pcDNA3.0 vector was transfected into ARPE-19 cells using

Lipofectamine 2000 reagent (Invitrogen, Carlsbad, CA,

USA) following the manufacturer’s manuals.

Si-CTRP9 and Cell Transfection

CTRP9 small interfering RNA (si-CTRP9), si-Nrf2, and neg-

ative control siRNA (si-NC) were designed and synthesized

by GenePharma (Shanghai, China). Then the siRNAs were

transfected into the ARPE-19 cells using Lipofectamine 2000

reagent (Invitrogen, Carlsbad, CA, USA) following the

manufacturer’s protocol.

Cell Viability Assay

Cell viability of ARPE-19 cells was assessed with the cell

counting kit-8 (CCK-8; Dojindo, Kumamoto, Japan). Cells

(1.0 � 104 cells/well) were seeded into 96-well plates and

incubated at 37�C overnight prior to the indicated treat-

ments. After the desired transfections, cells were incubated

for an additional 4 h with 10 ml of CCK-8 solution. The

plates were read by a microplate reader (Bio-Rad, Hercules,

CA, USA) at the wavelength of 450 nm.

Figure 1. Changes in the expression levels of CTRP9 in
HG-induced ARPE-19 cells. ARPE-19 cells were cultured in HG
medium (25 mM). Then the qRT-PCR and western blot were used
for the detection of the mRNA (A) and protein levels of CTRP9 (B).
*Significantly different compared to control group. CTRP9:
C1q/TNF-related protein 9; HG: high glucose; qRT-PCR: quantita-
tive real-time polymerase chain reaction.
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Quantitative Real-time Polymerase
Chain Reaction Analysis

A 10 ng total RNA isolated by TRIzol Reagent (Invitrogen)

was used for the synthesis of cDNA using the RevertAid RT

Reverse Transcription kit (Thermo Fisher Scientific, Wal-

tham, MA, USA). Then polymerase chain reaction (PCR)

mixtures were prepared for the real-time (RT)-PCR reaction

using the SensiFAST Real-Time PCR kit (Bioline, London,

UK) under the condition of 95�C for 45 s, followed by 40

cycles of 95�C for 30 s and 56�C for 35 s. Sequences of

primers used for PCR were as follows—CTRP9 forward:

5’-TGG AAG CCA GTG CCT GTC ATG T-3’ and reverse:

5’-AGC CGA CTC GAA GCT GGA GGT-3’; HO-1 for-

ward: 5’-GAG CCT GCA GCT TCT CAG AT-3’ and

reverse: 5’-CGG CCG GTC ACA TTT ATG CT-3’; NQO1

forward: 5’-CGC AGA CCT TGT GAT ATT CCA G-3’ and

reverse: 5’-CGT TTC CAT CCT TCC AGG-3’; b-actin for-

ward: 5’-GAC CTC TAT GCC AAC ACA GT-3’ and

reverse: 5’-AGT ACT TGC GCT CAG GAG GA-3’. Quan-

titative expression levels of CTRP9, HO-1, and NQO1 were

determined using the 2-DDCq method.

Western Blot Analysis

ARPE-19 cells were scraped in RIPA lysis buffer (Beyotime,

Shanghai, China) to prepare the cellular lysates. Nuclear

extracts were prepared using Nuclear and Cytoplasmic Pro-

tein Extraction Kit (Beyotime). After determination of pro-

tein concentration, aliquots of lysates (50 mg) were separated

by 10% sodium dodecyl sulfate polyacrylamide gel electro-

phoresis (Takara Biotechnology, Dalian, China). The sepa-

rated proteins were electrotransferred onto the pure

nitrocellulose blotting membrane (Millipore, Bedford, MA,

USA) and then the nonspecific bindings were blocked with

5% nonfat milk for 2 h at room temperature. After that, the

membranes were incubated at 4�C overnight with the fol-

lowing primary antibodies: anti-CTRP9 (Abcam, Cam-

bridge, MA, USA), anti-bax (Abcam), anti-bcl-2 (Abcam),

anti-p-AMPK (Cell Signaling Technology, Boston, MA,

USA), anti-AMPK (Cell Signaling Technology),

anti-Nrf2 (Abcam), anti-lamin B1 (Abcam), and anti-

b-actin (Cell Signaling Technology). After washing with

tris-buffered saline with tween for three times, the mem-

branes were subsequently incubated with horseradish per-

oxidase–coupled secondary antibodies (Cell Signaling

Technology) for 1 h at room temperature. The blots were

visualized using Pierce enhanced chemiluminescence west-

ern blotting reagent (Pierce Biotechnology, Rockford, IL,

USA). Subsequently, the intensity of the blots was ana-

lyzed using Quantity One 4.6 software (Bio-Rad).

Detection of Reactive Oxygen Species,
Malondialdehyde, and Superoxide Dismutase

The cellular lysates of ARPE-19 cells were prepared as

described above and used for the detection of oxidative

stress indicators. The changes in the intracellular reactive

oxygen species (ROS) production, malondialdehyde

(MDA) content, and superoxide dismutase (SOD) activity

in the ARPE-19 cells were detected using commercial

kits obtained from Nanjing Jiancheng Bioengineering

Institute (Nanjing, China) according to the manufacturer’s

instruction.

Figure 2. Effect of CTRP9 on cell viability in ARPE-19 cells exposed to HG. ARPE-19 cells were transfected with pcDNA3.0-CTRP9 or
vector for 48 h, then they were exposed to HG stimulation. (A and B) The mRNA and protein levels of CTRP9 were determined by
qRT-PCR and western blot. (C) Cell viability was detected by CCK-8 assay. *Significantly different compared to control group; #Significantly
different compared to HG þ vector group. CCK-8: cell counting kit-8; CTRP9: C1q/TNF-related protein 9; HG: high glucose; qRT-PCR:
quantitative real-time polymerase chain reaction.
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Cell Apoptosis Assay

Cell apoptosis of ARPE-19 cells was verified through the mea-

surement of caspase-3 activity using a fluorometric caspase-3

assay kit (BioVision Technologies, Milpitas, CA, USA) as per

manufacturer’s instructions. The samples were read using a

FACSAria (Becton Dickinson, Newyork, NJ, USA) with a

400-nm excitation filter and 505-nm emission filter.

Figure 3. Effect of CTRP9 on oxidative stress in HG-induced
ARPE-19 cells. ARPE-19 cells were transfected with pcDNA3.0-
CTRP9 or vector for 48 h, then they were exposed to HG stimula-
tion. To evaluate oxidative stress, the production of ROS (A) and
MDA (B) and the SOD activity (C) were determined. *Significantly
different compared to control group. #Significantly different com-
pared to HG þ vector group. CTRP9: C1q/TNF-related protein 9;
HG: high glucose; MDA: malondialdehyde; ROS: reactive oxygen
species; SOD: superoxide dismutase.

Figure 4. Effect of CTRP9 on cell apoptosis in HG-induced
ARPE-19 cells. ARPE-19 cells were transfected with pcDNA3.0-
CTRP9 or vector for 48 h, then they were exposed to HG stimula-
tion. (A) Western blot was used for the detection of the expression
levels of bax and bcl-2. (B) Caspase-3 activity was detected to
indicate apoptosis. *Significantly different compared to control
group; #Significantly different compared to HG þ vector group.
CTRP9: C1q/TNF-related protein 9; HG: high glucose.
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Figure 5. Effect of CTRP9 knockdown on oxidative stress and apoptosis in HG-stimulated ARPE-19 cells. ARPE-19 cells were transfected
with si-CTRP9 or si-NC for 48 h, then they were exposed to HG stimulation. (A) The protein expression of CTRP9 was measured by
western blot analysis. (B) Quantification analysis of CTRP9. (C–E) The production of ROS and MDA and the SOD activity were determined
to indicate oxidative stress. (F) Caspase-3 activity was determined to indicate apoptosis. *Significantly different compared to control group;
#Significantly different compared to HG þ si-NC group. CTRP9: C1q/TNF-related protein 9; HG: high glucose; MDA: malondialdehyde;
ROS: reactive oxygen species; SOD: superoxide dismutase.
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Statistical Analysis

All experiments were performed in triplicate and the results

were analyzed by one-way analysis of variance followed by

Tukey’s test using SPSS 19.0 software (SPSS Inc., Chicago,

IL, USA). All of the values were expressed as the mean +
standard deviation. P < 0.05 was used to indicate statistical

significance.

Results

CTRP9 was Lowly Expressed in HG-Induced
ARPE-19 Cells

To evaluate the role of CTRP9 in DR, in vitro assays were

performed using ARPE-19 cells cultured under HG condi-

tion. The quantitative real-time polymerase chain reaction

(qRT-PCR) and western blot were used for the detection of

the mRNA and protein levels of CTRP9. As shown in

Fig. 1A, HG stimulation lead to significant decrease in the

mRNA level of CTRP9 in ARPE-19 cells when compared

with ARPE-19 cells in control group. Consistently, the

protein level of CTRP9 was also downregulated in

HG-induced ARPE-19 cells (Fig. 1B).

CTRP9 Improved Cell Viability in ARPE-19
Cells Exposed to HG

To investigate the precise role of CTRP9 in regulating

HG-induced ARPE-19 cell injury, CTRP9-overexpressing

ARPE-19 cells were constructed. Cells transfected with

pcDNA3.0-CTRP9 showed significant increases in the

mRNA and protein levels of CTRP9 in HG-stimulated

ARPE-19 cells, as confirmed by western blot (Fig. 2A, B).

Moreover, CCK-8 assay demonstrated a significant reduc-

tion in cell viability of ARPE-19 cells exposed to HG, as

compared to the controls. However, the reduced cell viability

of ARPE-19 cells was reversed by overexpression of CTRP9

(Fig. 2C).

CTRP9 Suppressed HG-Induced Oxidative
Stress in ARPE-19 Cells

We then examined the effect of CTRP9 on oxidative stress

in HG-stimulated ARPE-19 cells. The results showed that

HG stimulation significantly increased the production of

ROS and MDA in ARPE-19 cells; however, overexpression

of CTRP9 greatly inhibited HG-induced the production of

ROS and MDA (Fig. 3A, B). Expectedly, the HG-caused

decrease in the SOD activity was prevented by CTRP9 (Fig.

3C).

CTRP9 Reduced Cell Apoptosis Induced
by HG in ARPE-19 Cells

Next, we evaluated the cell apoptosis using western blot to

determine the changes in the expression levels of bax and

bcl-2. The bax expression was significantly increased,

while bcl-2 expression was decreased in HG-stimulated

ARPE-19 cells. However, these changes were attenuated

by CTRP9 overexpression (Fig. 4A). Cell apoptosis was

also assessed by detecting the caspase-3 activity. The

HG-caused increased caspase-3 activity was reduced in

CTRP9-overexpressing ARPE-19 cells (Fig. 4B).

Knockdown of CTRP9 Promoted Oxidative Stress and
Apoptosis in HG-Stimulated ARPE-19 Cells

To further confirm the role of CTRP9, the CTRP9 was knocked

down in ARPE-19 cells through transfection with si-CTRP9.

The downregulation of CTRP9 in si-CTRP9-transfected

cells was confirmed by qRT-PCR and western blot analysis

(Fig. 5A, B). Furthermore, we observed that the increased

Figure 6. Effect of CTRP9 on the activation of AMPK/Nrf2 pathway in HG-stimulated ARPE-19 cells. Western blot was used for the
detection of the expression levels of AMPK, p-AMPK, and Nrf2. *Significantly different compared to control group; #Significantly different
compared to HG þ vector group. CTRP9: C1q/TNF-related protein 9; HG: high glucose.
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ROS and MDA levels and the decreased SOD activity

caused by HG stimulation were attenuated by si-CTRP9

transfection (Fig. 5C–E). In addition, the upregulated

caspase-3 activity in HG-stimulated ARPE-19 cells was

enhanced by knockdown of CTRP9 (Fig. 5F).

CTRP9 Enhanced the Activation of AMPK/Nrf2
Pathway in HG-Stimulated ARPE-19 Cells

Regarding AMPK/Nrf2 signaling pathway activation, the

expression levels of p-AMPK and Nrf2 were significantly

increased in HG-stimulated ARPE-19 cells, whereas when

ARPE-19 cells were transfected with pcDNA3.0-CTRP9,

the increased expression levels of p-AMPK and Nrf2 were

enhanced (Fig. 6).

CTRP9 Upregulated the Expression of HO-1 and
NQO1 in HG-Stimulated ARPE-19 Cells

We confirmed the changes in the mRNA levels of down-

stream genes of AMPK/Nrf2 including HO-1 and NQO1.

Results in Fig. 7A showed that the upregulated mRNA level

of HO-1 in HG-stimulated ARPE-19 cells was increased

after transfection with pcRNA3.0-CTRP9. Similarly, we

found that CTRP9 also enhanced the upregulation of NQO1

mRNA level in HG-stimulated ARPE-19 cells (Fig. 7B).

AMPK Inhibition Partially Reversed CTRP9-Mediated
Nrf2 Promotion and Retinal Protection

Next, ARPE-19 cells were transfected with pcRNA3.0-

CTRP9 for 48 h in the presence of AMPK inhibitor

BML-275, and then they were subjected to HG stimulation.

The CTRP9-caused increase in the Nrf2 expression level was

significantly attenuated by BML-275, which confirmed the

role of AMPK in the CTRP9-mediated Nrf2 activation

(Fig. 8A). CTRP9-mediated suppressive effects on

HG-induced ROS production, MDA content, and caspase-3

activity were greatly abrogated by BML-275 in ARPE-19

cells (Fig. 8B–D).

Knockdown of Nrf2 Reversed CTRP9-Mediated
Retinal-Protective Effect

Finally, ARPE-19 cells were cotransfected with

pcRNA3.0-CTRP9 and si-Nrf2 for 48 h, then subjected to

HG stimulation. We found that transfection of Nrf2 siRNA

significantly decreased the nuclear expression of Nrf2 in

ARPE-19 cells transfected with pcRNA3.0-CTRP9 follow-

ing HG stimulation (Fig. 9A). Moreover, Nrf2 silencing

markedly reduced the promotion effect of CTRP9 on the

viability of HG-exposed ARPE-19 cells (Fig. 9B). In addi-

tion, the suppressive effects of CTRP9 overexpression on

HG-induced ROS production, MDA content, and caspase-3

activity were also markedly abolished by Nrf2 silencing

(Fig. 9C–E).

Discussion

DR remains the most prevalent cause of visual impairment in

the working-age population. Decades of research into the

pathogenesis and management of DR have revolutionized

our understanding of the disease process15. A number of

laboratory studies have showed that hyperglycemia is impli-

cated in the pathogenesis of DR, which includes oxidative

stress, polyol and hexosamine pathway activity, advanced

glycation end-product formation, and activation of protein

kinase C isoforms16. Retinal pigment epithelium (RPE) is

the outer layer of the retina, which is crucial to convert light

energy into electrical impulses and control our sense of

vision17. Under hyperglycemia condition, intracellular

excess glucose flux can damage the retina, caused by several

Figure 7. Effect of CTRP9 on the expression of HO-1 and NQO1
in HG-stimulated ARPE-19 cells. The mRNA levels of HO-1 (A) and
NQO1 (B) were determined by qRT-PCR. *Significantly different
compared to control group; #Significantly different compared to
HG þ vector group. CTRP9: C1q/TNF-related protein 9; HG: high
glucose; qRT-PCR: quantitative real-time polymerase chain
reaction.
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seemingly mechanisms, i.e., mitochondrial overproduction

of ROS and the ROS-driven oxidative stress and apoptosis18.

Therefore, attenuating the ROS-driven oxidative stress and

apoptosis of RPE cells under HG condition may prevent the

development of DR.

CTRP9 has been identified as an antioxidant, which is

associated with increased risk of various diseases. It

serves as a promising scavenger of free radicals in myo-

cardial ischemia/reperfusion injury under diabetes19.

Globular CTRP9 protects cardiomyocytes from palmitic

acid–induced oxidative stress through regulation of autop-

hagy20. CTRP9 induces mitochondrial biogenesis and

protects against endothelial oxidative damage with

reduced ROS production and increased the activities of

endogenous antioxidant enzymes21. CTRP9 treatment

ameliorates ox-LDL-induced endothelial dysfunction via

regulating antioxidant enzymes levels and eNOS

expression22.

In addition, previous researches have demonstrated

that CTRP9 plays a beneficial role in DM and diabetic

complications. High plasma CTRP9 levels are associated

with atherosclerosis in patients with T2DM, indicating a

potential role of CTRP9 in atherosclerosis progression in

human T2DM23. Reduction of CTRP9 production during

diabetes plays a causative role in platelet hyperactivity,

contributing to platelet-induced diabetic cardiovascular

damage24. CTRP9 attenuates diabetic nephropathy

through ameliorating glomerular and tubular glycogen

accumulation, fibrosis, hyperglycemia-mediated oxidative

stress, and apoptosis in diabetic db/db mice25. CTRP9

regulates growth, differentiation, and apoptosis in human

keratinocytes, providing a potentially effective therapeu-

tic strategy for diabetic wounds26. Moreover, CTRP9 can

inhibit the inflammation of DR and protect blood-retinal

barrier via decreasing proinflammatory cytokines in db/db

mice27. Hence, we further investigated the role of CTRP9

in DR in vitro using ARPE-19 cells. We found that

CTRP9 was lowly expressed in HG-induced ARPE-19

cells. CTRP9 improved cell viability and attenuated

oxidative stress and apoptosis in HG-induced ARPE-19

cells, whereas knockdown of CTRP9 exhibited opposite

effects with CTRP9.

Figure 8. Effect of BML-275 on CTRP9-mediated Nrf2 promotion and retinal protection. ARPE-19 cells were transfected with pcDNA3.0-
CTRP9 for 48 h in the presence of AMPK inhibitor BML-275, and then they were subjected to HG stimulation. (A) Western blot was used to
assess Nrf2 expression. (B–D) Detection of ROS production, MDA content, and caspase-3 activity. *Significantly different compared to
control group. #Significantly different compared to HG group. &Significantly different compared to HG þ CTRP9 group. CTRP9: C1q/
TNF-related protein 9; HG: high glucose; MDA: malondialdehyde; ROS: reactive oxygen species.
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AMPK is a crucial cellular regulator that can maintain the

energy supply and demand balance of cells in the body28.

Notably, activated AMPK promotes activation of Nrf2,

which is a crucial antioxidative transcriptional factor29. The

AMPK/Nrf2 pathway has been shown to play a crucial part

in the process of resisting oxidative stress and inflamma-

tion30,31. Zhang et al.32 reported that CTRP9 inhibits

oxLDL-induced inflammatory response in RAW 264.7

macrophages via AMPK activation. CTRP9 inhibits the

cholesterol-induced vascular smooth muscle cells phenotype

switch and cell dysfunction by activating the AMPK path-

way33. CTRP9 protects against cardiac injury following

ischemia-reperfusion via an AMPK-dependent mechan-

ism34. Additionally, CTRP9 alleviates inflammation to ame-

liorate myocardial infarction in rats by activating Nrf235.

Thus, we further explore the role of AMPK/Nrf2 signaling

in the protective effect of CTRP9. The results showed that

CTRP9 enhanced the activation of the AMPK/Nrf2 pathway

in HG-stimulated ARPE-19 cells. However, inhibition of

AMPK partially reversed CTRP9-mediated Nrf2 promotion

and retinal protection in HG-exposed ARPE-19 cells. Addi-

tionally, knockdown of Nrf2 also reversed CTRP9-mediated

retinal-protective effects. These findings suggest that

CTRP9 exerted protective effect against HG-induced

oxidative damage via activating the AMPK/Nrf2 signaling

pathway.

In conclusion, these findings show that CTRP9 attenuates

HG-induced oxidative damage and apoptosis in ARPE-19

cells. The protective effect of CTRP9 might be mediated

by the activation of AMPK/Nrf2 signaling pathway. These

data suggest that CTRP9 may be a promising functional

target for the treatment and prevention of DR.
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