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Abstract. The aim of the present study was to investigate the 
potential mechanism of retinopathy of prematurity (ROP) 
using an oxygen-induced retinopathy (OIR) mouse model. 
For experiments, mice were divided into either the OIR group 
or control group. Fluorescein isothiocyanate-dextran cardiac 
perfusion and stretched retina preparation were performed. The 
total retina area, area of instillation, density of microvascular 
network, area of new blood vessels, vein width and the tortu-
osity of arteries were measured. Next, mice were randomly 
assigned into the PBS, soluble TEK receptor tyrosine kinase 
(sTie2)-fusion protein (Fc), angiopoietin 1 (Ang1), ranibizumab, 
ranibizumab + sTie2-Fc and ranibizumab + Ang1 treatment 
groups. Following housing for 5 days, the body weight of each 
mouse was recorded. Mice in the OIR group presented smaller 
total retina area and larger area of instillation, larger area of 
new blood vessels, and higher microvascular network density 
compared with the control PBS group. Obvious retinal vein 
dilatation and arterial tortuosity were identified in the OIR 
group. The amount of endotheliocyte nuclei of new vessels 
beyond the inner limiting membrane was larger in the OIR 
group compared with the control group. Furthermore in the 
next set of experiments, a larger area of instillation, smaller 
area of new blood vessels and decreased amount of endothelio-
cyte nuclei of new vessels were observed in the sTie2-Fc group, 
Ang1 group, ranibizumab group, ranibizumab + sTie2-Fc 
group and ranibizumab + Ang1 group compared with the PBS 
group. Specifically, the ranibizumab + sTie2‑Fc group and 
ranibizumab + Ang1 group demonstrated markedly reduced 
retina instillation area and microvascular network density 

in the instillation area. Total retina area and body weight 
following 10 days of the experiment for the ranibizumab 
group were significantly lower compared with other groups. In 
conclusion, the combined regulation of the Ang/Tie2 and the 
vascular endothelial growth factor (VEGF)/VEGF receptor 
pathways markedly increased the efficacy of treatment with 
retinal neovascularization (RNV). Regulation of these path-
ways has a potential for treating RNV, in particular ROP.

Introduction

Neovascular (NV) ophthalmopathy includes proliferative 
diabetic retinopathy, age-related macular degeneration, and 
retinopathy of prematurity (ROP), which have become the 
main causes of blindness in the elderly (1), infants and young 
children (2).

The development of NV ophthalmopathy consists of two 
stages. First, vascular occlusion and disordered blood vessels 
develop from existing conditions. Subsequently, various 
hypoxia-related growth factors, including vascular endothelial 
growth factor (VEGF), angiopoietin (Ang)-2 and erythropoi-
etin, are produced due to the insufficient blood and oxygen 
supply. These factors further lead to angiogenic lesions (3-6). 
Animal models of oxygen-induced retinopathy (OIR) have 
been frequently used to study the mechanism of ROP (7-9). 
Hence, the present study established an OIR mouse model to 
explore the potential mechanism of NV ophthalmopathy.

Retinal neovascularization (RNV) treatments include 
retinal laser photocoagulation and vitreous surgery. However, 
these treatments were only capable of reducing retinal oxygen 
consumption, vitreous proliferation and traction, while the 
retina blood supply was not improved or restored to the 
normal level. Currently, various anti-VEGF drugs are being 
utilized in ophthalmology due to the research into VEGF and 
its corresponding receptors. However, anti-VEGF drugs have 
limitations, for example, anti-VEGF therapy can transiently 
reduce systemic VEGF levels (10). In addition, the forma-
tion and traction of preretinal proliferative membranes was 
accelerated following anti-VEGF administration, further 
worsening the condition (11,12). Anti-VEGF drugs have a poor 
therapeutic effect on macular edema due to a short effective 
duration and a high rate of relapse (13-15). Notably, anti-VEGF 
therapy for ROP inhibits normal structural development and 
functional maturation of retinal nerve cells. It is also reported 

Soluble Tei2 fusion protein inhibits retinopathy of prematurity 
occurrence via regulation of the Ang/Tie2 pathway

WEIJING LI*,  WEIHUA ZHANG*,  CUIYING ZHANG,   
CHUNFANG ZHU,  XIANGLING YI,  YAN ZHOU  and  YAN LV

Department of Ophthalmology, Liaocheng People's Hospital, Liaocheng, Shandong 252000, P.R. China

Received August 14, 2018;  Accepted March 23, 2019

DOI:  10.3892/etm.2019.7608

Correspondence to: Dr Yan Lv, Department of Ophthalmology, 
Liaocheng People's Hospital, 67 Dongchang West Road, 
Dongchangfu, Liaocheng, Shandong 252000, P.R. China
E-mail: yankelvyan@126.com

*Contributed equally

Key words: oxygen-induced retinopathy, soluble TEK receptor 
tyrosine kinase fusion protein, angiopoietin/TEK receptor tyrosine 
kinase, retinopathy of prematurity



LI et al:  sTie2-FUSION PROTEIN INHIBITS RETINOPATHY OF PREMATURITY OCCURRENCE 615

that anti-VEGF treatment affects development of multiple 
organs, in particular the lungs (16). Therefore, a safer and more 
effective therapy for ROP is urgently required.

Ang and its receptor TEK receptor tyrosine kinase 2 (Tie2) 
have been recently identified to serve a role in the angiogenic 
pathway (17-24). Ang1 and Ang2 regulate the stability of 
endothelial cells by binding to their coreceptor Tie2. This 
indicates that Ang1 can enhance the adhesion of vascular 
peripheral tissues and stabilize newly formed blood vessels, 
thereby limiting persistent abnormal angiogenesis (23). 
Ang2 antagonizes the effects of Ang1 and enhances the 
sensitivity of endothelial cells to mitogenic signals, leading 
to instability of endothelial cells and promoting immature 
neovascularization (23). Therefore, it is generally hypoth-
esized that Ang2 inhibition or Ang1 promotion can inhibit 
the formation of new blood vessels. The Ang/Tie2 pathway 
mainly affects vascular structure and maturation without 
significantly overlapping with the VEGF/VEGF receptor (R) 
pathway spectrum.

Ranibizumab is a recombinant human monoclonal anti-
body that binds to all high‑affinity VEGFs and blocks the 
corresponding VEGF/VEGFR pathway (25). Soluble Tie2 
fusion protein (sTie-Fc) is the extracellular component of Tie2, 
which competitively binds to Ang1 and Ang2, thus regulating 
the Tie2 pathway in endothelial cells (26-30).

The present study established a mouse model of OIR to 
compare the effects of the VEGF/VEGFR and Ang/Tie2 path-
ways on regulating RNV to provide novel directions for RNV 
treatment.

Materials and methods

Experimental animals. A total of 80 male C57BL/6J mice 
(7-days-old) were obtained from Shanghai SLAC Laboratory 
Animal Co., Ltd. Mice were housed in a temperature (21±2˚C) 
and humidity (40-70%) controlled room under a 12 h light/dark 
cycle (lights on at 06:00). Mice were maintained in an experi-
mental animal center under specific‑pathogen‑free conditions, 
and were given free access to water and food. This study was 
approved by the Animal Ethics Committee of Liaocheng 
People's Hospital Animal Center.

Model and treatment. For the OIR model group, 14 C57BL/6J 
mice (age, 7 days) were housed in a 75% oxygen concentra-
tion hyperoxia container for 5 consecutive days, followed by 
5 days in a normal air environment. For the control group, 
10 C57BL/6J mice (age, 7 days) were housed in a normal air 
environment for 10 days. In addition, 120 C57BL/6J mice (age, 
7 days) were selected and divided into 6 groups (n=20). The 
mice were kept in a container with 75% oxygen concentra-
tion for 5 consecutive days. At 12-days old, the weight of the 
mice was measured and recorded. PBS (1 µl), 1 µl sTie2-Fc 
(3 mol/l; cat. no. SFC-014; Ankang Biotechnology Co., Ltd.), 
1 µl Angl (4 mol/l; cat. no. An-002; Ankang Biotechnology 
Co., Ltd.), 1 µl ranibizumab (10 mol/l; Shanghai TheraMabs 
Bio-technology Co., Ltd.), 1 µl sTie2-Fc + 1 µl ranibizumab 
(sTie2-Fc 3 mol/l; ranibizumab 10 mol/l) or 1 µl Angl + 1 µl 
ranibizumab (Angl 4 mol/l; ranibizumab 10 mol/l) were 
injected into the vitreous cavity of mice. Mice were reared for 
further 5 days then the weight of the mice was again measured 

and recorded at 10 days. Half of the mice were subsequently 
sacrificed at 5 days and the remainder were sacrificed at 
10 days.

Fluorescein isothiocyanate (FITC)‑dextran cardiac 
perfusion and stretched retina preparation. A total of 
10 mice were anesthetized by intraperitoneal injection of 
ketamine (120 mg/kg) and xylazine (12 mg/kg), as previ-
ously descried (31-33). The heart was exposed and 1 ml of 
FITC-dextran (2%; cat. no. 141270; Shanghai Huicheng 
Biotechnology Co., Ltd.) was administrated into the apex 
of left ventricle. After 3-5 min, pupils were harvested then 
the mucous membranes stained and fixed in 4% parafor-
maldehyde at room temperature for 20-30 min. The retinas 
were stripped from the lens and cut into 6 µm sections. The 
total retina area, area of instillation, microvascular network 
density, area of new blood vessels, width of vein and the 
tortuosity of the arteries were observed.

Quantification of endotheliocyte nuclei of new vessels beyond 
the inner limiting membrane. A total of 5 mouse pupils from 
each group harvested as aforementioned were collected and 
fixed in 4% paraformaldehyde at room temperature for 24 h. 
The lens was removed under a microscope, then subjected to 
a gradient dehydration in alcohol (100, 95, 85 and 75%) and 
xylene. Subsequently, tissue samples were paraffin embedded 
and cut into 5 µm sections for hematoxylin (5 min) and eosin 
(1-3 min; HE) staining (Boster Biological Technology; 5 min). 
The total number of endotheliocyte nuclei of new vessels 
beyond the inner limiting membrane were counted in each 
sample via light microscopy. Three retinal tissue sections 
were analyzed for each mouse and three fields of view were 
analyzed for each sample. The total number of endotheliocyte 
nuclei was taken as an average from three technicians who 
were blinded to the study groups.

Intravitreal injection. Following anesthesia by intraperitoneal 
injection of ketamine (120 mg/kg) and xylazine (12 mg/kg), 
30 mice were sacrificed at day 10 and their eyelids were 
separated with ophthalmic smooth forceps. Pupils were 
immediately dilated with tropicamide (0.01%; Sigma-Aldrich; 
Merck KGaA; cat. no.  T9778) 2-4 times. The eyeball was 
protruded by slight pressure on the orbital margin then 1 µl 
sTie2-Fc (3 mol/l), Angl (4 mol/l), ranibizumab (10 mol/l), 
sTie2-Fc + ranibizumab (sTie2-Fc 3 mol/l; ranibizumab 
10 mol/l) or Angl + ranibizumab (Angl 4 mol/l; ranibizumab 
10 mol/l) were administrated from the superior corneal limbus 
to the vitreous chamber. The needle of microinjector was 
maintained in the chamber for 15 sec and immediately pulled 
out. After intravitreal injection, erythromycin ophthalmic 
ointment was applied.

Statistical analysis. Stata statistical software (version 7.0; 
StataCorp LP) was used for data analysis. Data are presented 
as the mean ± standard deviation. The differences amongst 
groups were compared using one-way analysis of variance, 
followed by Fisher's least significant difference post hoc test 
with Bonferroni adjustment for comparisons between two 
groups. P<0.05 was considered to indicate a statistically 
significant difference.
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Results

Evaluation of retinal vascular development. The OIR model 
was constructed for evaluating the total amount of endo-
theliocyte nuclei of new vessels beyond the inner limiting 
membrane. Mice were randomly assigned into the OIR group 
(n=10) or control group (n=10). Results demonstrated that 
mice in the OIR group presented multiple neovascular clusters 
(Fig. 1A and B) and a significantly higher amount of endothe-
liocyte nuclei of new vessels compared with the control group 
(Fig. 1C). Retinal vein dilatation and arterial circuitous degree 
was used to assess the disease condition. Both parameters were 
more pronounced in the OIR group compared with the control 
group (Fig. 1D, E). Mice in the OIR group presented smaller 
total retina areas, a larger area of instillation, a larger area of 
new blood vessels, and a higher microvascular network density 

compared with the control PBS group. Marked retinal vein 
dilatation and arterial tortuosity were identified in the OIR 
group. The number of endotheliocyte nuclei of new vessels 
beyond the inner limiting membrane was larger in the OIR 
group compared with the control group. The results suggest 
that there was impaired retinal vascular development (Fig. 2).

Treatment with sTie2‑Fc alleviates RNV via regulating the 
Ang/Tie2 pathway. Mice received intravitreal injection of 
PBS, sTie2-Fc, Ang1, ranibizumab, ranibizumab + sTie2-Fc 
or ranibizumab + Ang1. Compared with the PBS group, 
mice injected with sTie2-Fc, Ang1 or ranibizumab presented 
less endotheliocyte nuclei of new vessels beyond the inner 
limiting membrane (Fig. 3A-F). The results demonstrated 
that individual administration of sTie2-Fc, Ang1 and ranibi-
zumab did not affect retinal vascular development which 

Figure 1. Pathological lesions in mouse pupils for the OIR and control groups. (A) HE staining of mouse pupils in the control group. (B) HE staining of 
mouse pupils in the OIR group demonstrating a large number of endotheliocyte nuclei of new vessels beyond the inner limiting membrane (magnification, 
x200). (C) Quantification of the number of endothelial cells in the OIR group and control group. (D) Pathological mouse retina changes in the control group. 
(E) Pathological mouse retina changes in the OIR group (magnification, x50). ***P<0.001 vs. control. OIR, oxygen-induced retinopathy; HE, hematoxylin and 
eosin.

Figure 2. Comparison of retinal vascular development in the OIR group and control group. (A) Total area of retina. (B) Area of instillation. (C) Density of the 
microvascular network. (D) Area of new blood vessels. (E) Width of vein. (F) Tortuosity of the arteries. *P<0.05, **P<0.01 and ***P<0.001 vs. control. OIR, 
oxygen-induced retinopathy.
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would manifest as a larger area of FITC-dextran instil-
lation compared with PBS group (Fig. 3H). In addition, it 
was determined that sTie2-Fc administration may promote 
retinal vascular development compared with the PBS group 
(Fig. 3G-J) which suggested that sTie2-Fc may be a preferred 
option for RNV treatment. Ranibizumab + sTie2-Fc treat-
ment markedly inhibited retinal vascular development, 
presenting as a smaller area of instillation and lower density 
of the microvascular network when compared with the PBS 
group (Fig. 3H and I). By contrast, ranibizumab + Angl 
administration did not affect retinal vascular development 
compared with the PBS group (Fig. 3G-J). Therefore ranibi-
zumab + Angl treatment was considered the better option 
when compared with Ranibizumab + sTie2-Fc for treating 
RNV via the combined regulation of the Ang/Tie2 and 
VEGF/VEGFR pathways.

Combination of sTie2‑Fc or Ang1 with ranibizumab alleviates 
RNV. By comparing the HE staining amongst different groups, 
it was identified that intravitreal injection of sTie2‑Fc, Ang1, 
ranibizumab, ranibizumab + sTie2-Fc and ranibizumab + Angl 
reduced the amount of endotheliocyte nuclei of new vessels 
beyond the inner limiting membrane compared with the PBS 
group. Ranibizumab + sTie2-Fc and ranibizumab + Ang1 
treatment groups displayed a smaller quantity of endothelio-
cyte nuclei of new vessels beyond the inner limiting membrane 
compared with the sTie2-Fc, Ang1 and ranibizumab groups 
(Fig. 4). Combined administration of ranibizumab + sTie2-Fc 
and ranibizumab + Angl demonstrated better treatment efficacy 
than individual administration (Fig. 4G). However, no signifi-
cant difference in the amount of endotheliocyte nuclei of new 
vessels beyond the inner limiting membrane was demonstrated 
between ranibizumab + sTie2-Fc and ranibizumab + Angl 

Figure 3. Treatment with sTie2-Fc alleviates retinal neovascularization via regulating the Ang/Tie2 pathway. Pathological changes of mouse retina in the 
(A) PBS, (B) sTie2‑Fc, (C) Ang1, (D) ranibizumab, (E) ranibizumab + sTie2‑Fc and (F) ranibizumab + Ang1 group (magnification, x50). (G) Total area of 
retina. (H) Area of instillation. (I) Density of the microvascular network. (J) Area of new blood vessels. *P<0.05 and **P<0.01 vs. PBS group. sTie2-Fc, soluble 
TEK receptor tyrosine kinase-fusion protein; Ang1, angiopoietin1.
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groups. These results indicated that a combination of sTie2-Fc 
or Ang1 with ranibizumab alleviated RNV.

Ranibizumab affects normal development of OIR mice. 
Subsequently, the potential mechanism of ranibizumab in 
regulating RNV development was investigated. Results 
demonstrated that there was no significant difference in mouse 
weight between any groups following 5 days of experimenta-
tion (Fig. 5A). Treatment with sTie2-Fc or Ang1 + ranibizumab 
had no effect on body weight following 5 days of experimenta-
tion. However, body weight was significantly decreased in the 
ranibizumab group compared with the other groups following 
10 days of experimentation (Fig. 5B). This result suggested 
that ranibizumab may affect the normal development of OIR 
mice.

Discussion

The OIR animal model simulates RNV symptoms, in 
particular ROP, and therefore has been commonly utilized 
to investigate the underlying mechanism of ROP (7-9). RNV 
development is considered to be the result of the imbal-
ance between local angiogenesis promoting and inhibitory 
factors (23,24). VEGF and VEGFR are considered to be 

the most important angiogenesis promoting factors (4,5). 
Intravitreal injections of various VEGF antagonists are 
used for anti-neovascular therapy (34-36). Ranibizumab is 
a recombinant human monoclonal antibody that binds to all 
isoforms of VEGF with high affinity, does not contain a frag-
ment crystallizable region and inhibits the VEGF/VEGFR 
signaling pathway (25). Ranibizumab received Food and Drug 
Administration certification in 2006 and is currently approved 
for clinical ophthalmology in China (25).

Previous studies have identified severe limitations of 
anti-VEGF therapy for ROP (10-12); therefore, research has 
focused on the development of more effective medication for 
this condition. In recent years, the Ang/Tie2 pathway has been 
identified to inhibit angiogenesis (26‑30). Ang1 administration 
inhibits angiogenesis by enhancing the interaction between 
endothelial cells and pericytes (37,38). The Ang/Tie2 pathway 
mainly affects vascular plasticity and maturation. In Ang2 
heterozygous knockout mice, it was determined that Ang2 
modulates hypoxia-induced neovascularization by regulating 
MMP activity (39).

In the present study, an OIR mouse model was first 
established. Then mice received intravitreal injection of PBS, 
sTie2-Fc, Ang1, ranibizumab, ranibizumab + sTie2-Fc or 
ranibizumab + Ang1. Results demonstrated that individual 

Figure 5. Ranibizumab affects the normal development of mice with oxygen-induced retinopathy. Body weight of mice in different groups following (A) 5 days 
and (B) 10 days of experiments. *P<0.05 vs. the ranibizumab group. sTie2-Fc, soluble TEK receptor tyrosine kinase-fusion protein; Ang1, angiopoietin1.

Figure 4. Combination treatment of sTie2-Fc or Ang1 with ranibizumab alleviates retinal neovascularization. Hematoxylin and eosin staining of mouse pupils 
in the (A) PBS group, (B) sTie2-Fc group, (C) Ang1 group, (D) ranibizumab group, (E) ranibizumab + sTie2-Fc group and (F) ranibizumab + Ang1 group 
(magnification, x200). (G) Number of endothelial cells in the different groups. *P<0.05 and **P<0.01 vs. PBS group. sTie2-Fc, soluble TEK receptor tyrosine 
kinase-fusion protein; Ang1, angiopoietin1.
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administration of Ang1 and ranibizumab both markedly alle-
viated RNV without affecting retinal vascular development. 
Intravitreal injection of sTie2-Fc promoted retinal vascular 
development, manifesting as a smaller instillation retina area 
compared with the PBS group. Therefore, it was hypothesized 
that sTie2-Fc may be a preferred option compared with ranibi-
zumab for treating RNV.

Compared with individual administration of sTie2-Fc, 
ranibizumab or Ang1, the inhibitory effect of ranibi-
zumab + sTie2-Fc and ranibizumab + Ang1 on RNV was more 
pronounced. The present results indicated that a combination 
treatment targeting the Ang/Tie2 and VEGF/VEGFR pathways 
could better alleviate RNV. Takagi et al (29) demonstrated that 
the combined inhibition of Tie2 and VEGF signaling may be 
effective in preventing pathologic angiogenesis in ischemic 
retinal disorders, which is in agreement with our results.

In particular, the present study identified that mice injected 
with ranibizumab demonstrated a decreased total retina area 
and lower body weight. In clinical research, baby weight gain 
is closely related to the development of multiple organs, espe-
cially the lungs (40,41). Anti-VEGF therapy has been reported 
to inhibit multiple organ development in infants (16). Changes 
in blood VEGF levels have not been observed following treat-
ment with ranibizumab (42), therefore the inhibition of organ 
development may not be associated with ranibizumab. Further 
studies on the inhibitory effect of ranibizumab are required 
to fully elucidate the potential side effects. The present study 
demonstrated the changes in RNV on day 12 based on the 
preliminary experimental results; however, future experiments 
should investigate the degree of neovascularization beyond 
12 days in the different experimental groups. In addition, the 
investigation into the role of Ang2 in RNV using Ang2 inhibi-
tors should be performed.

In conclusion, sTie2-Fc alleviated RNV without affecting 
retinal vascular development by activating the Ang/Tie2 
pathway. It was also determined that intravitreal admin-
istration of ranibizumab may inhibit normal growth and 
development of mice. Regulation of both the Ang/Tie2 and 
VEGF/VEGFR pathways markedly increased the therapeutic 
efficacy, therefore may be the preferred approach for treating 
RNV, in particular ROP.
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