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Abstract 
AIM: To investigate effects of interferon alpha 2b on vascular endothelial 
growth factor receptor-2 (VEGFR-2), vascular endothelial growth factor-A 
(VEGFA), mitogen activated protein kinase-1 (MAPK-1) and extracellular 
signal regulated kinase (ERK 1) gene expression in corneal neovascularization 
(CNV) modelsbyreal time polymerase chain reaction (PCR). METHODS: 
Thirty Wistar-Albino male rats were divided into three groups of ten rats 
each, and two corneas were obtained from each rat. CNV was induced by ap-
plication of silver nitrate. In the first group one million IU/ml, in the second 
group three million IU/ml interferon-alfa 2b and in the third (control) group 
isotonic saline was applied to both eyes two times a day for two weeks. Rats 
were sacrificed by cervical dislocation and corneas were used for real time po-
lymerase chain reaction. RESULTS: MAPK-1 gene expression levels were sig-
nificantly higher in both first and second groups compared to the control 
group (p = 0.014 and p = 0.008, respectively). VEGFR-2 gene expression levels 
were found to be significantly higher in the second group than the control 
group (p = 0.028). VEGFA gene expression levels were also significantly high-
er in the second group than the control group, and there was no difference 
between the control and first group and between first and second groups (p > 
0.05). ERK gene expression levels did not differ among all groups (p = 0.545). 
CONCLUSION: At the end of the study, it was shown that interferon-alfa 2b 
does not inhibit VEGFR-2, VEGFA, MAPK-1 or ERK 1 gene expression in 
CNV models despite its known anti-VEGF activities. 
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1. Introduction 

The cornea is an avascular and translucent connective tissue which is located in 
the anterior portion of the eye and has refractive properties. Corneal neovascu-
larization (CNV) is an ocular pathology that has many etiologies, such as in-
flammatory, infectious, traumatic and degenerative disease, and can result in 
blindness if left untreated. Therefore, preventive and curative treatments are vi-
tally important. 

Although many methods have been tried, there is still no method found to be 
commonly effective. It is known that VEGF has a major role in CNV pathogene-
sis, so anti-VEGF agents are largely used. 

Interferons are protein structures which support the immune system. Interfe-
ron-alpha 2b (IFN-α 2b) has immunomodulatory actions and can inhibit viral 
replication by inducing gene transcription and changing cell surface antigen ex-
pression. It is widely used in chronic hepatitis B and C, neoplasms such as mul-
tiple myeloma, chronic myeloid leukemia, follicular lymphoma and carcinoid 
tumors. 

In this study, we investigated whether IFN-alpha 2b has an anti-VEGF effect 
at the level of gene expression, detected by real-time polymerase chain reaction 
(PCR). 

2. Materials and Methods 

This study was performed after permission of Adnan Menderes University Local 
Ethics Committee of Animal Research with the decision number 
64583101/2013/094 and is supported by Coordination Unit of the Research 
Projects with the decision number TPF-14028 dated on 24/03/2014. 

2.1. Animals and Treatment Groups 

Albino male rats (250 - 300 g) kept in a light-dark (12 h - 12 h) photoperiod in a 
temperature-controlled (22˚C ± 0.5˚C) room were fed with a standard diet and 
water ad libitum. All experiments were performed in accordance with the guide-
lines for animal research from the National Institutes of Health and were ap-
proved by the Committee of Animal Research at Adnan Menderes University. 

Rats were randomly divided into three groups and experimental CNV was 
created for all groups. Experimental CNV was created with a silver nitrate stick, 
which causes burns in the cornea [1]. All corneal burns were created by the same 
researcher who was blind to all groups. After anesthesia, the silver nitrate sticks 
were applied for about 10 seconds to the central portion of corneas and the cor-
nea was washed immediately with isotonic saline [2]. 

Then, in the first group one million IU/ml and in the second group three mil-
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lion IU/ml IFN-α 2b was applied topically twice a day for two weeks, the control 
group received the same regimen of isotonic saline. IFN-α 2b was prepared from 
Intron A 60 million IU solution for injection in a multidose pen by dilution with 
isotonic solution. The corneas were evaluated after silver nitrate stick application 
and at the end of the study with a ‘‘handheld biomicroscope’’. At the end of the 
study, the rats were sacrificed under ether anesthesia by cervical dislocation and 
corneas were removed. The right corneas were used for gene expression analysis 
by quantitative real time PCR. 

2.2. Real-Time PCR Analysis 

Total RNA from the eye was extracted using TRIzol reagent (Invitrogen) and 
purified with columns and reagents (Qiagen). cDNA was synthesized using a 
Roche cDNA synthesis kit. Primers for VEGFR-2, VEGFA , MAPK-1 and ERK 
were used for analysis using SYBR Green on a LightCycler 480 real-time PCR 
System (Roche Diagnostics, Indianapolis, IN) [3]. The cycle threshold (Ct) is de-
fined as the number of cycles required for the fluorescent signal to cross the 
threshold in qPCR. The mRNA levels were calculated using the DCt method 
(target/reference, median). 

2.3. Statistical Analysis 

All data expressed as median Ct values ±SD. Kruskal-Wallis and Mann-Whitney 
U tests were used for analytic assessment of comparisons among groups. Values 
of p < 0.05 were regarded as significant. 

3. Results 
There was no animal loss until the end of the study. There was not any infiltra-
tion or inflammation after the injury and we did not need to use additional me-
dication like antibiotics during the follow-up. 

Real-Time PCR 

MAPK1 expression 
Real-time PCR was performed to determine the expression of MAPK1 mRNA. 

The mRNA expression level of MAPK1 was 0.00336 ± 0.00163, 0.00336 ± 
0.00140 and 0.00143 ± 0.00037 Ct in the first, second and control groups, re-
spectively (Table 1). 

In the control group, MAPK1 gene expression was significantly lower than the 
first and second groups (p = 0.014, p = 0.008, respectively). There was no signif-
icant difference between the first and second groups (Figure 1: Fold change for 
the control group). 

ERK expression 
The mRNA expression level of ERK was 0.000454 ± 0.000226, 0.000400 ± 

0.000316 and 0.000336 ± 0.000131 Ct in the first, second and control groups, re-
spectively (Table 1). There was no significant difference among all groups (p = 
0.545) (Figure 2: Fold change for the control group). 

https://doi.org/10.4236/ojoph.2018.82014


M. Karabulut et al. 
 

 

DOI: 10.4236/ojoph.2018.82014 100 Open Journal of Ophthalmolog 
 

Table 1. Real-time PCR analysis. 

 
Control 

(isotonic saline) 
First Group 

(1 million IU/ml) 
Second Group 

(3 million IU/ml) 

Gene expression (Ct)    

MAPK 1 0.00143 ± 0.00037 0.00336 ± 0.00163 0.00336 ± 0.00140 

ERK 0.000336 ± 0.000131 0.000454 ± 0.000226 0.000400 ± 0.000316 

VEGFR 2 0.000343 ± 0.000240 0.000470 ± 0.000255 0.000742 ± 0.000442 

 

 
Figure 1. Mitogen-activated protein kinase 1 fold change for the control group. 

 

 
Figure 2. Extracellular signal-regulated kinases fold change for the control group. 

 
VEGFR 2 expression 
mRNA expression level of VEGFR 2 was 0.000470 ± 0.000255, 0.000742 ± 

0.000442 and 0.000343 ± 0.000240 Ct in the first, second and control groups, re-
spectively (Table 1). In the second group, VEGFR 2 gene expression was signif-
icantly higher than the control group (p = 0.028), but there were no differences 
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between the first and second groups and between the first and control groups 
(Figure 3: Fold change for the control group).  

VEGFA expression 
In the second group, VEGFA gene expression was significantly higher than 

the control group (p ≤ 0.05), but there were no differences between the first and 
second groups and between the first and control groups (Figure 4: Fold change 
for the control group). 

4. Discussion 

The cornea is a translucent and avascular connective tissue and has mechanical 
barrier functions as well as refractive features. CNV is a corneal vascular pa-
thology originating from the surrounding vascular plexus and has many etiolog-
ical factors such as chemical burns, ischemia, infection, inflammation and trau-
ma. It can cause blindness if left untreated. With loss of sight, it is an important 
public health problem affecting human life with physical, psychological and 
economic aspects [4] [5]. Thus, preventive and curative methods for CNV are 
crucial. 

Although many treatment modalities have been tried for CNV, there is no 
common effective method. In the treatment of CNV, photodynamic therapy 
(FDT), laser photocoagulation, fine needle diathermy therapy, conjunctiv-
al-limbal and amniotic membrane transplantation (AMT) are commonly used in 
combination with medical treatments such as corticosteroids, non-steroidal an-
ti-inflammatory drugs (NSAIDs) and immunomodulators. Unfortunately, the 
clinical efficacy of these treatment modalities is limited and may cause undesired 
side effects. To give an example, depending on the steroids prescribed, compli-
cations such as posterior subcapsular cataract (PSC), increased intraocular pres-
sure and susceptibility to infections may occur. 

 

 
Fiugre 3. Vascular Endothelial Growth Factor Receptor 2 fold change for the control 
group. 
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Figure 4. Vascular endothelial growth Factor A fold change for the control group. 

 
Another treatment option for CNV is immunomodulator therapy. It has been 

thought that IL-1 receptor antagonists (IL-1ra) may inhibit CNV by modulating 
neutrophil and macrophage functions. Lu et al. reported that topical IL-1 recep-
tor antagonists (IL-1ra) therapy was effective in CNV caused by alkaline burn 
[6]. 

Cyclosporine is another agent used in immunomodulatory therapy. In many 
animal studies it has been reported that cyclosporine can exhibit anti-angiogenic 
activity [7]. Likewise, in a clinical trial of seven cases with rheumatoid arthritis, 
clinical improvement was reported in CNV after topical cyclosporine use [8]. 

On the other hand, studies showing cyclosporine is ineffective for CNV have 
also been reported. For example, Bock et al. reported that cyclosporine treatment 
was not effective in penetrating keratoplasty induced CNV, and they thought 
that cyclosporine could give different results in human cornea [9]. 

It is also known that VEGF plays a major role in CNV, there has recently been 
a focus on therapeutic agents that directly block VEGF, VEGF-VEGFR interac-
tion or VEGF synthesis pathways. Anti-VEGF agents are widely used in ocular 
diseases such as age-related macular degeneration (AMD), diabetic retinopathy 
(DRP), neovascular glaucoma (NGV) and retinal vascular pathologies [10]. 

One of these agents is the monoclonal humanized murine antibody bevaci-
zumab (Avastin; Genentech/Roche). Bevacizumab can bind to all isoforms of 
VEGF and, indeed, has been approved for metastatic colorectal cancer by the US 
Food and Drug Administration (FDA) [11]. It has been used off label for CNV 
in topical, subconjunctival and intraocular forms. Hosseini et al. reported that 
subconjunctival bevacizumab is effective in alkaline burn induced corneal neo-
vascularization in animal models [12]. In addition, Deli et al. reported that the 
use of bevacizumab seems to be an effective and safe method in the treatment of 
corneal neovascularization, either in the subconjunctival or topical application 
form [13]. 
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The other anti-VEGF agent, ranibizumab (Lucentis; Genentech) is a fragment 
human monoclonal antibody and its affinity to VEGF is higher than bevacizu-
mab. It is also thought that the systemic side effects are less due to less absorp-
tion into the bloodstream. In a prospective clinic study, Ferrari et al. reported 
that there was a significant reduction in the CNV area and vascular width with 
topical ranibizumab [14]. 

Besides agents that bind directly to VEGF, inhibitory activity on VEGF syn-
thesis and VEGFR signaling pathways have also been tested. For instance, 
IFN-alpha 2b is an antiviral drug discovered in the Charles Weissmann labora-
tory of the University of Zurich, and used in pathologies such as chronic hepati-
tis B and C, multiple myeloma and lymphoma. It was used for ocular superficial 
squamous neoplasia cases in topical and subconjunctival forms [15]. It has also 
been reported that IFN-alpha 2b provided a remission rate of 96% in conjunc-
tival intraepithelial neoplasia and appears to be an effective alternative treatment 
of noninvasive ocular surface squamous neoplasia and recurrent pterygium [16] 
[17] [18]. 

There is no ideal dose of IFN-alpha 2b for ocular use yet. One million IU/ml 
and three million IU/ml topical doses were compared in conjunctival intraepi-
thelial neoplasia, but no significant difference was found in terms of effect or 
side effects [19]. 

Morlet et al. investigated the effect of topical INF-alpha 2b in animal models 
after laser photo reflective keratectomy. INF-alpha 2b was administered topically 
four times daily for five weeks, and they reported a significant reduction in cor-
neal opacification [20]. 

Additionally, Nguyen et al. compared topical and subcutaneous INF-alpha 
with prednisolone acetate and reported that INF-alpha was not as effective as 
prednisolone acetate on CNV [21]. 

5. Conclusion 

In this study, we found that IFN-alpha 2b does not inhibit some of the agents 
involved in VEGF and VEGFR synthesis. This may result from many conditions 
such as short duration of the study, selection of subjects, transportation of sam-
ples and chemical substances used during transportation. Various results can be 
obtained by using different subjects and different study periods. Different animal 
models, duration of study or ambient conditions may result in different conse-
quences. 
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