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Tang et al.: All Trans Retinoic Acid Improves Retinal Vasculature

Increasing numbers of children are suffering from hypoxia-related visual impairments such as retinopathy 
of prematurity. This study aimed to investigate whether all trans retinoic acid reverses hypoxia related 
impairments in retinal vasculature. Oxygen induced retinopathy model was established in mouse and 
the expression of ciliary neurotrophic factor, vascular endothelial growth factor and hypoxia inducible 
factor 1 was detected. We found that ciliary neurotrophic factor level decreased and vascular endothelial 
growth factor and hypoxia inducible factor 1 levels increased in model mice. However, all trans retinoic 
acid suppressed the expression of retinal vascular endothelial growth factor and hypoxia inducible factor 
1 while upregulated retinal ciliary neurotrophic factor expression in model mice. In conclusion, all 
trans retinoic acid can reverse the effects of hypoxia on retinal neovascularization and attenuate retinal 
neurodegeneration. All trans retinoic acid is a potential agent for the prevention and therapy of retinopathy 
of prematurity.
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The retina is particularly vulnerable to hypoxia, such 
as Retinopathy of Prematurity (ROP). One important 
aspect of ROP is local ischemia, which affects both 
retinal vasculature and neural retina. ROP is a common 
cause of blindness and vision impairment in preterm 
infants worldwide[1-3]. Therefore, it is important to 
maintain normal vision by protecting against or 
even counteracting, retinal neovascularization and 
neurodegeneration. It is known that Hypoxia Inducible 
Factor (HIF)-1 alpha (α)/Vascular Endothelial Growth 
Factor (VEGF) axis is implicated in ROP[4]. VEGF 
plays a role in retinal neovascularization which could 
promote ROP. HIF-1α regulates gene expression in 
response to hypoxia and stimulates angiogenesis. 
Retinal neovascularization has been a focus for current 
strategies for ROP therapy, but the neuroregeneration of 
the retina is ignored as potential therapeutic approach. 
For example, Ciliary Neurotrophic Factor (CNTF) is 
an important neurotrophic factor involved in retinal 
degenerative disorders that regulates the development, 
differentiation and survival of retinal neurons[5]. All 
Trans Retinoic Acid (ATRA) is an active metabolite 

of vitamin A and exhibits activity on cell proliferation, 
differentiation and apoptosis[6,7]. We previously reported 
that ATRA modulated the expression of Orosomucoid 
1-Like 3 (ORMDL3) and CD2-Associated Protein 
(CD2AP)[8,9]. However, whether ATRA could 
modulate retinal neovascularization and rejuvenate 
neurodegeneration is unclear. In present study, we 
established Oxygen-Induced Retinopathy (OIR) model 
in the mice and observed that CNTF level decreased 
while VEGF and HIF-1 levels increased in OIR mice. 
However, exposure of OIR mice to ATRA inhibited 
retinal VEGF and HIF-1 expression while upregulated 
retinal CNTF expression. Animal experiments were 
approved by Animal Care and Use Committee at 
Lianshui County People’s Hospital and the efforts 
were made to minimize suffering. Seventy C57 Black 
6 (C57BL/6J) newborn mice were provided by Model 
Animal Center at Nanjing University. OIR was induced 
by exposure to 75 %±2 % oxygen in mice from 
Postnatal D 7 (P7) to Postnatal D 12 (P12). In control 
group, the mice were exposed to room air. ATRA was 
purchased from Sigma-Aldrich (St. Louis, MO, USA) 
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and dissolved in Dimethyl Sulfoxide (DMSO). ATRA 
was intragastrically administered at 5 mg/kg daily 
for 6 d (from P13 to P18) in OIR mice, while equal 
volume of DMSO was intragastrically administered in 
control mice. C57BL/6J newborn mice were sacrificed 
at postnatal day (P19) by decapitation. The retina 
was dissected and Hematoxylin and Eosin (H&E) 
staining was used to assess retinal vascularization as 
described previously[10]. Briefly, the stained sections 
were examined for neovascular tufts that projected 
from the retina into the vitreous. The mean number of 
neovascular nuclei per section was calculated. Total 
Ribonucleic Acid (RNA) was extracted from the retina 
using Trizol (Invitrogen). Real-time Polymerase Chain 
Reaction (RT-PCR) was performed using SYBR Master 
Mix (Roche) on Applied Biosystems 7300 PCR System 
(Life Technologies). The primers were as follows: CNTF 
5’-GGGACCTCTGTAGCCGCTCTATCTG-3’ and 
5’-GTTCCAGAAGCGCCATTAACTCCTC-3’; 
Glyceraldehyde 3-Phosphate Dehydrogenase 
(GAPDH) 5’-GGTGAAGGTCGGTGTGAACG-3’ 
and 5’-TTGGCTCCACCCTTCAAGTG-3’. VEGF 
5’-TTCG T C C A A C T T C T G G G C T C T- 3 ’ a n d 
5 ’ - C T C C T C T T C C T T C T C T T T C T C C C C - 3 ’ . 
GAPDH was used as an internal control as described 
previously[11]. Lysates of retinal tissues were prepared 
and the levels of CNTF, VEGF and HIF-1α in the lysates 
were detected with Enzyme-Linked Immunosorbent 
Assay (ELISA) kits (R&D systems) according to the 
manufacturer’s protocols. All data are expressed as 
mean±Standard Deviation (SD) and analyzed by one-
way analysis of variance followed by Tukey’s test using 
Statistical Package for the Social Sciences (SPSS) 21.0 
software. p<0.05 indicated significant difference. It is 
known that the pathogenesis of ROP involves retinal 
vasculature paraplasm and retinal degeneration[12]. RT-
PCR showed that VEGF and HIF-1α messenger RNA 
(mRNA) levels were significantly higher while CNTF 
mRNA level was significantly lower in retinal tissues 
of OIR mice compared to control mice as shown in 
fig. 1A. ELISA showed that VEGF and HIF-1α protein 
levels were significantly higher while CNTF protein 
level was significantly lower in retinal tissues of OIR 
mice compared to control mice as shown in fig. 1B. 
It was reported that retinoic acid inhibited VEGF 
expression in Schwann cells[13]. Thus we hypothesized 
that ATRA may inhibit retinal neovasculature. RT-PCR 
showed that after ATRA treatment, VEGF and HIF-
1α mRNA levels significantly decreased while CNTF 
mRNA level significantly increased in retinal tissues 

of OIR mice as shown in fig. 2A. ELISA showed that 
after ATRA treatment, VEGF and HIF-1α protein 
levels significantly decreased while CNTF protein 
level significantly increased in retinal tissues of OIR 
mice as shown in fig. 2B. Compared to control mice 
as shown in fig. 3A, HE staining showed extensive 
retina neovasculature in OIR mice as shown in fig. 3B. 
However, after ATRA treatment retina neovasculature 
was reduced in OIR mice as shown in fig. 3C. 
Quantitative analysis indicated that neovascular nuclei 
were decreased by nearly 58.33 % in ATRA group 
(35.0±6.3) compared to OIR group (60.2±5.7) as 
shown in fig. 3D. These data suggest that ATRA may 
inhibit retinal neovascularization via decreasing 
VEGF and HIF-1 expression. ROP is a common cause 
of vision impairment in preterm infants and current 
treatments for ROP focus on retinal neovascularization 
because retinal neovascularization could promote ROP. 
Therefore, this study aimed to evaluate the effects of 
ATRA on retinal neovascularization. In this study, we 
established OIR model in the mice to mimic ROP in 
human. Based on this model we found that the levels 
of pro-angiogenic factors VEGF and HIF-1 increased 
significantly in the retina of OIR mice but decreased 
significantly in the retina of OIR mice treated with 
ATRA. Our results are in agreement with previous 
report that ATRA impaired vasculogenic mimicry of 
U87 stem-like cells[14]. These data suggest that ATRA 
may downregulate retinal VEGF and HIF-1 expression 
to inhibit retinal neovascularization. On the other hand, 
CNTF is an important neurotrophic factor that inhibits 
retinal degeneration[15-17]. We found that the levels of 
CNTF decreased significantly in the retina of OIR mice 
but increased significantly in the retina of OIR mice 
treated with ATRA. These results indicate that ATRA 
may upregulate retinal CNTF expression to promote 
retinal regeneration. However, Hasler et al. reported 
that retinoic acid led to decreased CNTF expression[18]. 
The reason may be due to the difference in the dose 
and route of administration of ATRA. ATRA may 
induce the expression of CNTF in the retina to prevent 
retinal apoptosis[19,20]. In conclusion, ATRA inhibited 
HIF-1 induced VEGF upregulation and reduced retinal 
neovascularization in OIR mice. Moreover, ATRA 
induced the expression of CNTF in the retina. The 
exposure of OIR mice to ATRA can reverse the effects 
of hypoxia on retinal neovascularization. ATRA is a 
promising agent for adjunct therapy of ROP. 
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Fig. 2: ATRA regulated the expression of CNTF, HIF-1α and VEGF in OIR mice, (A): RT-PCR analysis of CNTF, HIF-1α and VEGF 
mRNA levels in the retina of OIR mice with and without ATRA treatment and (B): ELISA assay of CNTF, HIF-1α and VEGF pro-
tein levels in the retina of OIR mice with and without ATRA treatment
Note: The data were normalized to control (n=3), *p<0.05 vs. control and **p<0.01 vs. control, Note: (    ) OIR; (    ) ATRA

Fig. 1: The levels of CNTF, HIF-1α and VEGF in retina of control and OIR mice, (A): RT-PCR analysis of CNTF, HIF-1α and VEGF 
mRNA levels in the retina of control and OIR mice and (B): ELISA assay of CNTF, HIF-1α and VEGF protein levels in the retina 
of control and OIR mice
Note: The data were normalized to control (n=3), *p<0.05 vs. control and **p<0.01 vs. control, (      ) CTRL; (      ) OIR
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