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Knockdown of APOC1 promotes retinal ganglion cell 
survival to delay diabetic retinopathy progress
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Abstract: Diabetic retinopathy (DR) is a major complication of diabetes mellitus and caused by changes in retinal 
ganglion cells (RGCs). Apolipoprotein C1 (APOC1) is identified as an inflammation-associated factor has been re-
cently reported to be a novel diagnostic and prognostic biomarker for lung cancer. However, the possible role of 
APOC1 in DR remains unclear. In this study, RGCs were randomly divided into low glucose and high glucose groups. 
The expression of APOC1 was determined in RGCs cells from these two groups using qRT-PCR and Western blot-
ting analyses, in which APOC1 was found to be significantly upregulated in high glucose group. The loss-of-function 
assay indicated that knockdown of APOC1 by siRNA increased RGCs survival using CCK-8, EdU proliferation assay, 
colony formation assays and inhibited cell apoptosis by flow cytometry and Hoechst staining assay in high glucose 
condition. Mechanistically, knockdown of APOC1 obviously inhibited the mRNA expression of TNF-α and IL-6, and 
decreased the protein expression of cleaved caspase-3, Bad and Bax. In conclusion, our results suggested that 
APOC1 knockdown might be a therapeutic target to delay DR progress by promoting RGCs survival through inhibiting 
inflammation and apoptosis.
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Introduction

Diabetic retinopathy (DR) is a major complica-
tion of diabetes mellitus that impairs the nor-
mal function of retinal vasculature, neurons 
and resident glial cells [1], which has been the 
leading cause of legal blindness among the 
working-age adults [2]. According to the Na- 
tional Eye Institute data, about 65,000 people 
is suffering from DR in the United States along, 
leading to annually increase of 12,000 to 
24,000 new cases of blindness [3]. It was 
found that hyperglycemia, as a main risk factor, 
promotes the loss of retinal capillary microvas-
culature by inducing endothelial cell dysfunc-
tion and endothelial cell apoptosis through 
increases in the levels of many types of growth 
and inflammatory factors in DR [4-6]. However, 
the fundamental cause of DR has not yet been 
fully elucidated. Thus, it is urgently required to 
identify additional pathogenic mechanisms in 
the irreversible visual functions damage in  
DR that might serve as putative therapeutic 
targets.

Retinal ganglion cells (RGCs), as the major com-
ponent of retinal nervous tissue, have been 
reported to play a key role in conducing visual 
signal by feeling, conducting and processing in 
the retina [7]. The injury of RGCs is an impor-
tant pathological feature, as an early event in 
the pathological process of DR [8]. As an in- 
flammation-associated factor, apolipoprotein 
C1 (APOC1) is a protein component of multiple 
lipoproteins that performs a variety of roles in 
lipoid metabolism and transport [9], as well as 
neuronal apoptosis and reorganization [10]. It 
was found that overexpression of human 
APOC1 in mice produces hyperlipidemia [11], 
which could enhance the lipopolysaccharide 
(LPS)-induced inflammatory response in macro-
phages [12]. In addition, hyperlipidemic human 
APOC1 (+/+) transgenic mice display many fea-
tures of human atopic dermatitis, including 
scaling, excoriations, and a disturbed skin bar-
rier function [13]. Recently, APOC1 has been 
demonstrated to be a novel diagnostic and 
prognostic biomarker for lung cancer [14]. 
However, whether targeting APOC1 can protect 
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RGCs against hyperglycemia and delay DR 
occurrence and progression has remained 
unclear. 

Here, we sought to explore the possible role of 
APOC1 in DR in our study. We found that APOC1 
is significantly upregulated in RGCs by high glu-
cose treatment. We also demonstrated some 
functional changes in RGCs by siRNA interfer-
ence. Overall, this study supports a possible 
role of APOC1 in the pathogenesis of DR.

Materials and methods

Cell culture and treatment

RGC-5 cells were purchased from American 
Type Culture Collection (ATCC, Manassas, USA) 
and cultured in DMEM medium containing 100 
μg/ml streptomycin (Gibco) and 10% fetal 
bovine serum (FBS, Gibco) in a humid atmo-
sphere of 5% CO2 at 37°C. RGC-5 cells were 
then grouped into two groups: control group 
(treated with 15 mmol/L low glucose) and high 
glucose group (treated with 55 mmol/L).

RNA isolation and quantitative real time PCR 
(qRT-PCR)

Total RNA was extracted from cells using 
Trizol(Invitrogen, USA) and the cDNA was syn-
thesized by RevertAid First Strand cDNA 
Synthesis Kit (Thermo Scientific, USA) accord-
ing to the manufacturer’s instructions. QRT-
PCR was performed using a SYBR Green Master 
Mix (Bio-Rad, USA) following the cycling condi-
tions consisted of an initial, single cycle of 1 
min at 52°C, followed by 35 cycles of 30 s at 
90°C, 50 s at 58°C, and 35 s at 72°C. The 
primers used were as follows: APOC1-forward: 
TTCTGTCGATCGTCTTGGAA, APOC-reverse: TCA- 
GCTTATCCAAGGCACTG; TNF-α-forward: TCTTC- 
TCGAACCCCGAGTGA, TNF-α-reverse: CCTCTGA- 
TGGCACCACCAG; IL-6-forward: AACCTGAACCT- 
TCCAAAGATGG, IL-6-reverse: TCTGGCTTGTTC- 
CTCACTACT. Gene expression levels were quan-
tified using the 2-ΔΔCt method. The β-actin was 
used as the internal reference and its primers 
were forward (CATGTACGTTGCTATCCAGGC) and 
reverse (CTCCTTAATGTCACGCACGAT).

Western blot analysis

All proteins were isolated from cells in lysis buf-
fer as described previously [15]. After centrifu-
gation at 12000 g for 15 min at 4°C, protein 
concentrations were determined by bicincho-

ninic acid (BCA) protein assay kit (Pierce, 
Rockford, IL). For each sample, quantitative 30 
µg proteins were separated on 10% sodium 
dodecyl sulfate-polyacrylamide gel electropho-
resis and transferred to a PVDF membrane 
using Bio-Rad semidry transfer system. The 
membrane was then incubated with primary 
antibodies overnight at 4°C and washed three 
5-mins with TBST. Subsequently, the mem-
brane was incubated with horseradish peroxi-
dase-conjugated secondary antibody (1:5000, 
Santa Cruz, SC-2054) for 2 h at room tem- 
perature. The proteins were visualized with an 
ECL plus chemiluminescence detection kit 
(Amersham, UK).

The primary antibodies used were as follows: 
anti-APOC1 (1:1000 dilution, Sigma, USA), anti-
caspase-3 (1:500 dilution, Cell Signaling Te- 
chnology), anti-Bad (1:1000 dilution, Abgent), 
anti-Bax (1:500 dilution, Cell Signaling Tech- 
nology) and anti-GAPDH (1:40000 dilution, 
Proteintech Group, Inc.). GAPDH was used as 
internal control for protein loading.

Small interfering RNA (siRNA) transfection

The gene silencing APOC1 siRNA (siAPOC1) was 
purchased from Life Technologies (Carlsbad, 
California, USA). Synthetic sequence-scram-
bled siRNA was used as a negative control 
siRNA (NC-siRNA). For cell transfection, cells in 
high glucose group were transfected with 
siAOPC1 or NC-siRNA using Lipofectamine 
2000 reagent according to manufacturer’s 
instructions. After 48 h transfection, the knock-
down efficiency was evaluated by real time PCR 
and Western blot analysis.

CCK-8 cell viability assay

RGC-5 cells were seeded into 96-well plates at 
density of 3000 cells per well and cultured for 
24, 48, 72 and 96 h, respectively in vitro. 
Briefly, each well was added the CCK-8 reagent 
and incubated for 1 h in light-free condition, at 
37°C, and in 5% CO2 atmosphere. The optical 
density of the plates was measured using the 
Epoch Microplate Spectrophotometer (Biotek) 
absorbance at 450 nm.

EdU proliferation assay

Cell proliferative rates were evaluated using the 
Cell Light™ EdU Apollo®488 In Vitro Imaging Kit 
(Ribobio, Guangzhou, China) according to the 
manufacturer’s instruction. Briefly, cells were 
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pre-treated with PBS for 48 h, and added 50 
μM of EdU labeling medium for incubation for 2 
h at 37°C. Then cells were fixed with 4% para-
formaldehyde for 15 min and incubated with 
glycine for 5 min. Subsequently, the cells were 
washed and stained with 200 μl 1× Apollo solu-
tion for 30 min. After three washes with PBS, 
the percentage of EDU-positive cells was de- 
tected by flow cytometry with the Cytomics FC 
500 MCL (Beckman Coulter, Brea, USA).

Colony formation assay

To evaluate monolayer colony formation, cells 
were plated into six-well plates at a density of 
600 cells per well and incubated for 4 days. 
Then cells were fixed with PBS containing 4% 
paraformaldehyde for 30 min at room tempera-
ture. The fixed cells were stained by 1% crystal 
violet (Beyotime) for 10 min. After washed with 
water and air-dried, the forming colonies (more 
than 50 cells per colony) were observed under 
light microscopy and manually counted.

Flow cytometric analysis of apoptosis

To estimate the number of apoptotic cells, cells 
were seeded in 6-cm dishes at a density of 
1×106 cells per dish. After 2 d incubation, cells 
were harvested and washed twice with PBS. 
Then cells were subjected to Annexin V-APC/7-
AAD double staining according to the manufac-
turer’s instruction (KeyGEN Biotech). The per-
centage of apoptotic cells was determined 
FACS Calibur Flow Cytometer (BD, New Ier- 
sey, USA).

Statistical analysis was performed with SPSS 
16.0 and all quantitative data were shown as 
the mean ± SD of three independent experi-
ments. Significance of the difference was deter-
mined with student’s t-test and the difference 
was termed to be significant if P < 0.05.

Results

Expression of APOC1 mRNA and protein in 
RGC-5 cells

To investigate the role of APOC1 in RGC-5 cells 
in high glucose condition, qRT-PCR and Western 
blotting were applied to detect APOC1 expres-
sion. As shown in Figure 1A, APOC1 mRNA was 
significantly upregulated in RGC-5 under high 
glucose condition (P < 0.05). Subsequently, 
siAPOC1 transfection significantly downregu-
lated the expression of APOC1 mRNA in RGC-5 
cells under high glucose condition (P < 0.05). 
Consistently, siAPOC1 transfection obviously 
inhibited high glucose-induced APOC1 protein 
up-regulation (Figure 1B). 

Downregulation of APOC1 promoted RGC-5 cell 
viability and proliferation

CCK-8 assay was used to determine APOC1 
impact on RGC-5 cell viability. As shown in 
Figure 2A, high glucose condition signifi- 
cantly decreased RGC-5 cell viability, but this 
inhibition could be remarkably alleviated by 
siAPOC1 transfection (P < 0.05). Moreover, EdU 
flow cytometry revealed the percentage of EdU 
positive cells reached 33.6% in control group, 

Figure 1. APOC1 mRNA (A) and protein (B) expression in RGC-5 cells from 
control group, high glucose group and siAPOC1 transfection group. Quantita-
tive data were expressed as mean ± SD of three independent experiments. 
The β-actin and GAPDH were used as internal controls for qRT-PCR and West-
ern blot, respectively. ***P < 0.001, compared with control; ##P < 0.01, com-
pared with high glucose group.

Hoechst staining assay

Cells at logarithmic growth 
were cultured in six-well pl- 
ates for 48 h after transfec-
tion. Then cells were washed 
twice with PBS, and incubat-
ed with Hoechst 33342 (2 
mmol/L, Beyotime, China) for 
15 min in dark at room tem-
perature. Following washing 
with 0.5% TritonX-100 in PBS, 
the apoptotic cells presented 
a bright blue fluorescence, 
which were observed under  
a fluorescence microscope 
(OLYMPUS, Tokyo, Japan).

Statistical analysis
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Figure 2. siAPOC1 impacted on the cell viability and proliferation in RGC-5 cells. RGC-5 cells were classified into 
three groups: control group, high glucose group and siAPOC1 transfection group. A. CCK-8 assay was used to evalu-
ate cell viability. B. Edu flow cytometry was used to analyze the percentage of EdU positive cells. C. The colonies 
formed in were observed in RGC-5 cells under light microscopy. D. Quantitative analysis of colonies in RGC-5 cells. 
Quantitative data were expressed as mean ± SD of three independent experiments. *P < 0.05, **P < 0.05 compared 
with control; #P < 0.01, compared with high glucose group.

Figure 3. siAPOC1 impacted on the cell apoptosis in RGC-5 cells (control group, high glucose group and siAPOC1 
transfection group). A. Apoptotic cells, including early-stage (Annexin V+/7-AAD-) and late-stage (Annexin V+/7-
AAD+) apoptosis, were analyzed by flow cytometry with Annexin V/7-AAD double staining in RGC-5 cells. B. Hoechst 
staining assay was used to analyze the percentage of cells with fragmented nuclei in RGC-5 cells. Quantitative data 
were expressed as mean ± SD of three independent experiments. *P < 0.05, ***P < 0.001 compared with control; #P 
< 0.05, ###P < 0.001 compared with high glucose group.



APOC1 regulates retinal ganglion cell survival

3961 Int J Clin Exp Pathol 2017;10(3):3957-3963

but obviously reduced to 13.52% in high glu-
cose group. Notably, siAPOC1 transfection 
partly elevated the percentage of EdU positive 
cells from 13.52% to 25.86% RGC-5 cells 
(Figure 2B). In addition, colony formation assay 
revealed that inhibition of APOC1 obviously 
suppressed impaired colony formation ability 
by high glucose, as indicated by the formation 
of more and bigger colonies in RGC-5 cells 
(Figure2C and 2D, P < 0.05). 

Downregulation of APOC1 reduced high glu-
cose induced apoptosis in RGC-5 cells

To confirm whether siAPOC1 could cause any 
apoptotic effects, we performed flow-cytomet-
ric analysis and Hoechst staining in siAPOC1 
transfected RGC-5 cells. As shown in Figure 
3A, knockdown of APOC1 significantly decreas- 

Bax were elevated in RGC-5 cells following high 
glucose treatment, but obviously inhibited by 
siAPOC1 transfection (Figure 4B). Hence, kno- 
ckdown of APOC1 induced a strong anti-apop-
totic effect in RGC-5 cells following high glu-
cose condition.

Discussion

It is well-known that the development of DR is 
caused by chronic multi-factors such as gluco-
lipotoxicity and inflammatory mediators, in 
which RGCs plays an important role in visual 
signal procession, conduction and processing, 
but were easily damaged in DR progression 
[16]. In this regard, it is quite critical to improve 
RGCs function and survival under pro-apoptotic 
conditions to delay DR progression. In the pres-
ent study, we showed high glucose condition 

Figure 4. The effect of siAPOC1 on TNF-α, IL-6 and apoptotic markers in RGC-
5 cells (control group, high glucose group and siAPOC1 transfection group). 
A. The effect of siAPOC1 on TNF-α and IL-6 mRNA expression in RGC-5 cells. 
B. The effect of siAPOC1 on the expression of cleaved caspase-3, Bad and 
Bax protein levels in RGC-5 cells. The β-actin and GAPDH were used as in-
ternal controls for qRT-PCR and Western blot, respectively. Quantitative data 
were expressed as mean ± SD of three independent experiments. **P < 0.01, 
***P < 0.001, compared with control; #P < 0.05, compared with high glucose 
group.

ed cell apoptotic rate under 
the high glucose condition. In 
line with flow cytometry assay, 
notably higher number of 
cells with condensed and 
fragmented nuclei (indicating 
early apoptotic cell fraction) 
was presented in RGC-5 cells 
under high glucose condition 
compared with control gro- 
up, which was alleviated by 
siAPOC1 transfection (Figure 
3B). Collectively, these resul- 
ts indicated that knockdown 
of APOC1 could increase cell 
survival rate by inhibiting apo- 
ptosis in RGC-5 cells under 
high glucose.

Downregulation of APOC1 
affected the expression of 
TNF-α, IL-6 and apoptotic 
markers in RGC-5 cells

We next determined the 
siAPOP1 effect on TNF-α and 
IL-6 mRNA expression in 
RGC-5 cells using qRT-PCR. 
As shown in Figure 4A, TNF-α 
and IL-6 mRNA expression 
were significantly increased 
under high glucose, but co- 
uld be notably reduced by 
siAPOC1 transfection. Besid- 
es, the expression levels of 
cleaved caspase-3, Bad and 
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could inhibit RGC-5 cells survival and growth, 
along with higher APOC1 expression. SiRNA 
APOC1 transfection can suppress high glucose-
induced APOC1 expression and further pro-
mote cell growth under high glucose. These 
data demonstrated that APOC1 might be a 
potential target for the treatment of DR. 

APOC1 is an inflammation-related gene and 
has been confirmed to enhance the inflamma-
tory response [17, 18]. Moreover, APOC1 con-
centration has been shown to be significantly 
increased in diabetic patients [19, 20]. From 
this point, high glucose induced APOC1 expres-
sion is closely correlated with inflammatory dis-
ease DR progression. TNF-α, as an inflamma-
tory factor, plays an important role in regulating 
inflammation, immune responses, cell prolifer-
ation and apoptosis [21]. TNF-α also partici-
pates in the pathological progression of DR [22-
24]. Another inflammatory factor IL-6 acts as 
pro-inflammatory cytokines produced by syno-
vial cells and endothelial cells [25, 26]. Its over-
expression can promote some autoimmune 
diseases [27]. Moreover, IL-6 has been report-
ed to be positively correlated with APOC1 
expression in tumor samples [14]. Consistent 
with these evidences, our data showed that 
knockdown of APOC1 significantly downregu-
lated the expression of TNF-α and IL-6 in high 
glucose condition.

Furthermore, we found knockdown of APOC1 
suppressed high glucose induced apoptosis in 
RGC cells. Mechanistically, we showed that the 
pro-apoptotic markers, caspase-3, Bad and 
Bax were all downregulated by APOC1 knock-
down in high glucose condition. As our best 
knowledge, apoptosis is thought to be essential 
for the non-injurious resolution of inflammation 
[28]. Inhibition of caspase-3 could decrease 
the expression of pro-inflammatory mediators, 
including TNF-α and IL-1β [29]. Thus, we could 
speculate that knockdown of APOC1 sup-
pressed inflammatory cytokines might via 
affecting cell apoptotic regulation.

In summary, we results confirm that high glu-
cose condition could suppress RGC cells sur-
vival by promoting cell apoptosis and inflamma-
tion, which accompanying with elevated APOC1 
expression. Interestingly, targeting APOC1 can 
alleviate growth inhibition by high glucose by 

inhibiting inflammation and apoptosis, thus 
delay DR progress. These findings might help 
us to discovery a new therapy for DR by target-
ing APOC1, even though further research is still 
needed to determine the molecular mecha-
nisms underlying the role of APOC1 in DR.

Acknowledgements

This work is supported by grants from Health 
Department of Zhejiang Province, Zhejiang, 
China (No. 2004B082).

Disclosure of conflict of interest

None.

Address correspondence to: Yan Weng, Depart- 
ment of Ophthalmology, The Second Affiliated 
Hospital of Zhejiang University Medical College, No. 
88 Jiefang Road, Hangzhou 310009, Zhejiang 
Province, China. Tel: +86-0571-87783777; E-mail: 
wengyanWY09@163.com

References

[1] Wang AL, Rao VR, Chen JJ, Lussier YA, Rehman 
J, Huang Y, Jager RD and Grassi MA. Role of 
FAM18B in diabetic retinopathy. Mol Vis 2014; 
20: 1146-1159.

[2] Klein BE. Overview of epidemiologic studies of 
diabetic retinopathy. Ophthalmic Epidemiol 
2007; 14: 179-183.

[3] Kowluru RA and Chan PS. Oxidative stress and 
diabetic retinopathy. Exp Diabetes Res 2007; 
2007: 43603.

[4] Engerman RL and Kern TS. Hyperglycemia as a 
cause of diabetic retinopathy. Metabolism 
1986; 35: 20-23.

[5] Sharma Y, Saxena S, Mishra A, Saxena A and 
Natu SM. Advanced glycation end products 
and diabetic retinopathy. J Ocul Biol Dis Infor 
2012; 5: 63-69.

[6] Zhu X, Bai Y, Yu W, Pan C, Jin E, Song D, Xu Q, 
Yao Y, Huang L, Tao Y, Li X and Zhao M. The 
effects of pleiotrophin in proliferative diabetic 
retinopathy. PLoS One 2015; 10: e0115523.

[7] Zhao H, Zhang J and Yu J. HMGB-1 as a poten-
tial target for the treatment of diabetic retinop-
athy. Med Sci Monit 2014; 21: 3062-3067.

[8] Kim SJ, Yoo WS, Choi M, Chung I, Yoo JM and 
Choi WS. Increased O-GlcNAcylation of NF-
kappaB enhances retinal ganglion cell death 
in streptozotocin-induced diabetic retinopathy. 
Curr Eye Res 2016; 41: 249-257.

[9] Skinner NE, Wroblewski MS, Kirihara JA, 
Nelsestuen GL and Seaquist ER. Sitagliptin re-

mailto:wengyanWY09@163.com


APOC1 regulates retinal ganglion cell survival

3963 Int J Clin Exp Pathol 2017;10(3):3957-3963

sults in a decrease of truncated apolipoprotein 
C1. Diabetes Ther 2015; 6: 395-401.

[10] Leduc V, Jasmin-Belanger S and Poirier J. APOE 
and cholesterol homeostasis in Alzheimer’s 
disease. Trends Mol Med 2010; 16: 469-477.

[11] Berbee JF, van der Hoogt CC, Sundararaman 
D, Havekes LM and Rensen PC. Severe hyper-
triglyceridemia in human APOC1 transgenic 
mice is caused by apoC-I-induced inhibition of 
LPL. J Lipid Res 2005; 46: 297-306.

[12] Westerterp M, Berbée JF, Pires NM, van Mierlo 
GJ, Kleemann R, Romijn JA, Havekes LM and 
Rensen PC. Apolipoprotein C-I is crucially in-
volved in lipopolysaccharide-induced athero-
sclerosis development in apolipoprotein 
E-knockout mice. Circulation 2007; 116: 2173-
2181.

[13] Mariman R, Reefman E, Tielen F, Persoon-
Deen C, van de Mark K, Worms N, Koning F 
and Nagelkerken L. Lactobacillus plantarum 
NCIMB8826 ameliorates inflammation of co-
lon and skin in human APOC1 transgenic mice. 
Benef Microbes 2016; 7: 215-225.

[14] Ko HL, Wang YS, Fong WL, Chi MS, Chi KH and 
Kao SJ. Apolipoprotein C1 (APOC1) as a novel 
diagnostic and prognostic biomarker for lung 
cancer: a marker phase I trial. Thoracic Cancer 
2014; 5: 500-508.

[15] Wu Y, Zuo Y, Chakrabarti R, Feng B, Chen S and 
Chakrabarti S. ERK5 contributes to VEGF al-
teration in diabetic retinopathy. J Ophthalmol 
2010; 2010: 465824.

[16] Furukawa MT, Sakamoto H and Inoue K. 
Interaction and colocalization of HERMES/
RBPMS with NonO, PSF, and G3BP1 in neuro-
nal cytoplasmic RNP granules in mouse retinal 
line cells. Genes Cells 2015; 20: 257-266.

[17] Berbee JF, Havekes LM and Rensen PC. 
Apolipoproteins modulate the inflammatory re-
sponse to lipopolysaccharide. J Endotoxin Res 
2005; 11: 97-103.

[18] Schippers EF, Berbee JF, van Disseldorp IM, 
Versteegh MI, Havekes LM, Rensen PC and 
van Dissel JT. Preoperative apolipoprotein CI 
levels correlate positively with the proinflam-
matory response in patients experiencing en-
dotoxemia following elective cardiac surgery. 
Intensive Care Med 2008; 34: 1492-1497.

[19] Bus P, Pierneef L, Bor R, Wolterbeek R, van Es 
LA, Rensen PC, de Heer E, Havekes LM, Bruijn 
JA, Berbee JF and Baelde HJ. Apolipoprotein C-I 
plays a role in the pathogenesis of glomerulo-
sclerosis. J Pathol 2016; [Epub ahead of print].

[20] Bouillet B, Gautier T, Aho LS, Duvillard L, Petit 
JM, Lagrost L and Vergès B. Plasma apolipo-
protein C1 concentration is associated with 
plasma triglyceride concentration, but not vis-
ceral fat, in patients with type 2 diabetes. 
Diabetes Metab 2016; 42: 263-266.

[21] Yang S, He H, Ma QS, Zhang Y, Zhu Y, Wan X, 
Wang FW, Wang SS, Liu L and Li B. Experimental 
study of the protective effects of SYVN1 
against diabetic retinopathy. Sci Rep 2015; 5: 
14036.

[22] Zheng L, Howell SJ, Hatala DA, Huang K and 
Kern TS. Salicylate-based anti-inflammatory 
drugs inhibit the early lesion of diabetic reti-
nopathy. Diabetes 2007; 56: 337-345.

[23] Zhang SX, Wang JJ, Dashti A, Wilson K, Zou 
MH, Szweda L, Ma JX and Lyons TJ. Pigment 
epithelium-derived factor mitigates inflamma-
tion and oxidative stress in retinal pericytes 
exposed to oxidized low-density lipoprotein. J 
Mol Endocrinol 2008; 41: 135-143.

[24] Chen W, Esselman WJ, Jump DB and Busik JV. 
Anti-inflammatory effect of docosahexaenoic 
acid on cytokine-induced adhesion molecule 
expression in human retinal vascular endothe-
lial cells. Invest Ophthalmol Vis Sci 2005; 46: 
4342-4347.

[25] Koga T, Yamasaki S, Migita K, Kita J, Okada A, 
Kawashiri S, Iwamoto N, Tamai M, Arima K, 
Origuchi T, Nakamura H, Osaki M, Tsurumoto T, 
Shindo H, Eguchi K and Kawakami A. Post-
transcriptional regulation of IL-6 production by 
Zc3h12a in fibroblast-like synovial cells. Clin 
Exp Rheumatol 2011; 29: 906-912.

[26] Mihara M, Moriya Y, Kishimoto T and Ohsugi Y. 
Interleukin-6 (IL-6) induces the proliferation of 
synovial fibroblastic cells in the presence of 
soluble IL-6 receptor. Br J Rheumatol 1995; 
34: 321-325.

[27] Calabrese LH and Rose-John S. IL-6 biology: 
implications for clinical targeting in rheumatic 
disease. Nat Rev Rheumatol 2014; 10: 720-
727.

[28] Fialkow L, Fochesatto Filho L, Bozzetti MC, 
Milani AR, Rodrigues Filho EM, Ladniuk RM, 
Pierozan P, de Moura RM, Prolla JC, Vachon E 
and Downey GP. Neutrophil apoptosis: a mark-
er of disease severity in sepsis and sepsis-in-
duced acute respiratory distress syndrome. 
Crit Care 2006; 10: R155.

[29] Yao L, Lu P and Ling EA. Melatonin suppresses 
toll like receptor 4-dependent caspase-3 sig-
naling activation coupled with reduced produc-
tion of proinflammatory mediators in hypoxic 
microglia. PLoS One 2016; 11: e0166010.


