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INTRODUCTION 

Ocular neovascularization represents a pathological 

process characterized by the abnormal proliferation of new 

blood vessels originating from pre-existing vasculature, 

typically as a compensatory response to ischemia or 
hypoxia. Retinal ischemia triggers the activation of 

hypoxia-inducible factor 1-alpha (HIF-1α), which 

promotes the expression of vascular endothelial growth 

factor VEGF-A, major regulator of angiogenesis and 
vascular permeability. The imbalance between pro-

angiogenic and anti-angiogenic signaling disrupts the 
retinal pigment epithelium and the blood-retinal barrier, 

resulting in vascular leakage, fibrovascular proliferation, 

and vision loss in conditions such as diabetic retinopathy, 

retinal vein occlusion, and neovascular age-related 
macular degeneration (Campochiaro, 2015). Isolation of 

vascular endothelial growth factor (VEGF) and increased 

knowledge about its bioactivities have allowed better 

understanding of ocular neovascularization 
pathophysiology. In addition to regulating vascular 
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permeability and promoting the growth of vascular 

endothelial cells, in vitro studies have also shown that 
VEGF stimulates the expression of anti-apoptotic proteins 

Bcl-2 and A1 in these cells (Ferrara et al., 2003). 

The advent of anti-VEGF agents in neovascular eye 

diseases has been a revolutionary development. It has 
become an inevitable treatment component of multiple 

ocular pathologies with VEGF-induced pathological 

vascular growth as diabetic retinopathy, retinal vein 

occlusion, iris neovascularization, retinopathy of 
prematurity, neovascular age-related macular 

degeneration and corneal neovascularization (Adamis and 

Shima, 2005). 

Among the Food and Drug Administration approved 
anti-VEGF agents, Ranibizumab (Lucentis®, Novartis 

Pharma AG, Basel, Switzerland) and Aflibercept (Eylea®, 

Bayer Pharma AG, Berlin, Germany) are the most 

commonly used ones in ophthalmic clinical practice. 
Ranibizumab, a recombinant humanized monoclonal 

antibody, neutralizes all forms of VEGF-A; while 

Aflibercept, a recombinant fusion protein, neutralizes all 

forms of VEGF-A as well as VEGF-B and Placental 
Growth Factor. The differences in structural features and 

receptor inhibition may provide distinct efficacy and 

safety profiles in retinal cells (Gillies et al., 2019). 

Furthermore, recent studies have concluded that 
autophagy is strongly associated with VEGF and 

neovascularization formation. This information has led to 

the emergence of autophagy as a new therapeutic target 

(Ye et al., 2016; Miaomiao et al., 2016; Du et al., 2017). 
In this in vitro experimental study, we evaluated the 

safety profiles of Ranibizumab and Aflibercept in human 

retina pigment epithelium cell line (RPE) (ARPE-19) at 

increasing concentrations by employing 3-(4, 5-dimethyl 
thiazolyl-2)-2, 5-diphenyltetrazolium bromide (MTT) cell 

viability assay. Additionally, we investigated the 

relationship between these anti-VEGF agents and the 

autophagy-related proteins (Beclin1 and ATG4) at 
sublethal concentrations. 

MATERIALS AND METHODS 

Cell Culture 

ARPE-19 cell line, was purchased from American Type 

Cell Culture (ARPE-19, [ATCC], catalog No. CRL-2302, 

Manassas, Virginia, USA). The manufacturer's 

instructions were followed during the culturing processes 
(Dunn et al., 1996). ARPE-19 cells used in the experiments 

were from the 3rd, 4th, and 5th passages. ARPE-19 cells 

were grown in T25 flasks using 10% Fetal Bovine Serum 

(FBS, Biochrom GmbH, Germany); 1% 
penicillin/streptomycin; and a 1:1 mixture (vol/vol) of 

Dulbecco’s modified Eagle’s medium (DMEM) and 

Ham’s F-12 (Biochrom GmbH, Germany) at 37°C, 

5%CO2, and 95% relative humidity. The cells were 
subcultured to the confluency of 70-80%. Cell suspensions 

(6×103 cells/ml) were seeded onto 96-well tissue culture 

plates. ARPE-19 cells were incubated in 96-well plates for 
48 hours prior to the start of the experiment to ensure 

optimal cell adherence and growth.  

Anti-VEGF Treatments: The commercially available off-
the-shelf preparations Ranibizumab (0.5 mg/0.05 ml) and 

Aflibercept (2 mg/0.05 ml) were employed. The clinically 

accepted intravitreal doses were therefore defined as 0.5 

mg/0.05 mL (equivalent to 125 μg/mL) for Ranibizumab 
and 2 mg/0.05 mL (equivalent to 500 μg/mL) for 

Aflibercept, as reported by Malik et al. (2014). ARPE-19 

cells were exposed to anti-VEGF agents at concentrations 

of 1.25, 2.5×, 5×, 10×, 20×, and 40× clinically accepted 
doses for 24 hours. High-dose exposure (up to 40× the 

clinical concentration) was applied to simulate potential 

cumulative or localized effects that may occur following 

repeated intravitreal injections or reduced vitreous 
clearance. Such high-concentration in vitro models are 

used to evaluate the cellular tolerance and safety margins 

of pharmacological agents beyond therapeutic levels. The 

clinical concentration was estimated by presuming that the 
quantity of each anti-VEGF agent used clinically in 

intravitreal injections was uniformly distributed 

throughout 4 mL of human vitreous volume (Ranibizumab 

at a concentration of 125 μg/ml and Aflibercept at a 
concentration of 500 μg/ml, adjusted for potential dilution 

by the vitreous humor at the epiretinal site) (Malik et al., 

2014). The test concentrations for Ranibizumab (clinical 

dose: 125 µg/ml) were: 1.25× = 156.25 µg/ml, 2.5× = 
312.5 µg/ml, 5× = 625 µg/ml, 10× = 1250 µg/ml, 20× = 

2500 µg/ml, and 40× = 5000 µg/ml. For Aflibercept 

(clinical dose: 500 µg/ml), the test concentrations were: 

1.25× = 625 µg/ml, 2.5× = 1250 µg/ml, 5× = 2500 µg/ml, 
10× = 5000 µg/ml, 20× = 10000 µg/ml, and 40× = 20000 

µg/ml. The IC₅₀ values for Ranibizumab and Aflibercept 

were estimated from dose–response curves generated 

using GraphPad Prism. To evaluate sublethal cellular 
responses such as autophagy, half of the IC₅₀ concentration 

(IC₅₀/2) was selected, as this dose allows assessment of 

cellular stress without inducing extensive cytotoxicity. In 

this study, “IC₅₀/2” refers to half of the calculated IC₅₀ 
concentration (“half IC₅₀”), corresponding approximately 

to a dose that maintains around 70–80% cell viability. This 

concentration was used to assess sublethal stress and 

autophagic responses without causing excessive cell death. 
The control group consisted of two subgroups: A positive 

control group (Maximal Viability, Max V) was considered 

100% viable, and no drug was administered. A negative 

control group (Minimal Viability, Min V) was treated with 
0.1% Triton X-100 (Sigma, St. Louis, MO) Triton-X and 

considered 0% viable. 

Cell Viability Assay 

The metabolic activity along with the viability of ARPE-

19 cells was assessed with MTT assay. This colorimetric 

assay quantifies the cytotoxicity by measuring absorbance 

using a multi-well spectrophotometer following a series of 
reduction reactions. Cell viability (%) was calculated 

relative to the positive control group (Maximal Viability), 

and lower absorbance values indicated reduced metabolic 

activity and higher cytotoxicity. The experiments were 
conducted in triplicates. Cells incubated for 24 hours at 

37°C and 5-6.5% CO2 with different doses of anti-VEGF 

agents were added 15 μl of the MTT reagent for each well. 

After 4 hours of incubation of microplates, the 
Solubilization solution was added. The plate was allowed 

to stand overnight in the incubator. Finally, the absorbance 

of the solution with the formazan product was measured. 
Cytotoxicity was evaluated based on the ratio of dead cells 

to positive control. 

RNA Extraction, Amplification of cDNA, and 

Quantitative Real-Time PCR (qRT-PCR) Analysis 

The ribonucleic acid (RNA) was extracted from ARPE-19 

cells using Hybrid-R (GeneAll, Portugal) RNA extraction 

kit according to the manufacturer's protocol. NanoDrop 
2000c spectrophotometer (Thermo Fischer Scientific, 

Waltham, MA, USA) was used for total RNA 
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measurements.  The concentration and purity of nucleic 

acid samples were measured using the NanoDrop ND-
1000, a fast and convenient device. The absorbance ratio 

at 260 nm to 280 nm indicates sample purity, with a high 

ratio indicating a pure nucleic acid sample and a low ratio 

indicating the presence of contaminants such as proteins. 
We included samples with an absorbance 260/280 ratio 

between 2.0 and 2.3 in the study to ensure the purity of the 

nucleic acid samples. This range is generally considered to 

indicate high-quality nucleic acid samples that are suitable 
for downstream applications. If a sample did not meet 

these parameters, we repeated RNA extraction using spare 

samples to ensure accuracy and reliability. 

Total RNA was used to analyze Beclin1 and ATG4 
mRNA expression by real-time PCR (qPCR). From the 

isolated RNA samples, cDNA was obtained with the NG 

dART RT kit (Cat No: E0801-02; EURx). Reagents were 

added and cDNA was synthesized for each sample. 
Reactions were performed in a PCR device (Applied 

Biosystems) at 50°C for 40 minutes and 85°C for 5 

minutes. BrightGreen 2X qPCR MasterMix-No Dye kit 

(Cat No: MasterMix-S; Applied Biological Materials Inc. 
ABM) was used for real-time PCR (qPCR) analysis 

according to the manufacturer's instructions. Reactions 

with reagents were performed using a real-time PCR 

analyzer (Rotor-Gene Q, Qiagen, Germany) at 95°C for 10 
minutes (1 cycle), 95°C for 15 seconds, and 60°C for 60 

seconds (40 cycles). Each sample was run in duplicate 2 

times and mean values were recorded. The expression of 

target genes according to glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) was calculated using the 2-

ΔΔCT method.  

Statistical Analysis 

SPSS (version 28.0, Statistical Package for Social 

Sciences Inc., Chicago, IL, USA) and GraphPad Prism 

V.7.0 version (GraphPad Software, San Diego, California,

USA) were used for the statistical analysis of the data.
Each experiment was performed in triplicate. The Mann-

Whitney U tests were used to compare the control group

with the two anti-VEGF agent groups. In-group

comparisons, including the clinical and higher
concentrations of the anti-VEGF agents, were also

performed using Mann-Whitney U tests. The one-way

analysis of variance (ANOVA) was used to determine

whether there was a difference between more than two
independent groups in qPCR results. The level of

significance was set at 0.05. Data were reported as the

mean ± standard deviation.

RESULTS 

Effects of Ranibizumab and Aflibercept on Cytotoxicity 

Assay 

Based on MTT absorbance values, Ranibizumab and 
Aflibercept had no significant cytotoxicity on the ARPE 

cells at the doses applied in this study (Figure 1) (p>0.05). 

These findings indicate that both anti-VEGF agents are 
generally well tolerated by RPE cells at or below clinical 

dose ranges, suggesting minimal acute toxicity under 

short-term exposure conditions. 

IC50 values of active pharmaceutical preparations of 
Ranibizumab and Aflibercept used in our study were much 

higher than the concentrations used in clinical practice, 

therefore estimated IC50 values obtained from the graph 

of dose dilutions calculated with the GraphPad Prism 
program were utilized in our study. Since the 

concentrations were within the dilution range used for 

cytotoxicity analysis, doses corresponding to 

approximately IC50/2 values were used in the calculations 
made according to in question IC50 values. The dose 

corresponding to IC50/2 for Ranibizumab was 428.12 

μg/ml, while 1260.88 μg/ml for Aflibercept. Karagöz et 

al., after examining nanoparticle-loaded anti-VEGF and 
performing an MTT cytotoxicity test, stated that the 

existing literature contained no toxicity study reporting an 

IC50 value. (Karagoz et al., 2021).  

Ranibizumab demonstrated a statistically significant 
decrease in cell viability compared to the positive control 

group at 20× and 40× clinical doses. Whereas no 

statistically significant difference was found among 

positive control and Aflibercept-treated groups in cell 
viability at 1.25, 2.5×, 5×,10×, 20×, and 40× clinical doses 

after 24 hours of exposure. There was no statistically 

significant difference in cytotoxicity when Ranibizumab 

and Aflibercept were compared separately for each dose 
range. This suggests that Ranibizumab exerts mild 

cytotoxic effects only at supratherapeutic levels, while 

Aflibercept maintains cellular viability even at higher 

concentrations, consistent with a more favorable safety 
profile. 

Figure 1. Concentration-dependent change in ARPE-19 

cell viability after Ranibizumab and Aflibercept treatments 

using MTT assay. Three independent experiments were 

performed in triplicate and all data are expressed as 
means±SD. The control group consisted of two subgroups: 

A positive control group was considered 100% viable, and 

no drug was administered. A negative control group was 

treated with 0.1% Triton X-100 (Sigma, St. Louis, MO) 
Triton-X and considered 0% viable. 

Effects of Ranibizumab and Aflibercept on Beclin1 and 

ATG4 Expressions 

Statistical analysis of Beclin1 mRNA expression levels in 

ARPE-19 cells showed a significant difference between 

the control and Aflibercept groups (*P≤0.05). Compared 

to the control group, the Ranibizumab-treated group 

showed an 8% decrease in Beclin1 mRNA expression 

levels, while the Aflibercept-treated group showed a 54% 

decrease. These data imply that Aflibercept may more 

strongly suppress Beclin1-related autophagic activity 
compared with Ranibizumab, indicating distinct effects on 

autophagy regulation. Statistical analysis of ATG4 mRNA 

expression levels showed no significant difference among 

the groups (P≥0.05). However, both the Ranibizumab-
treated group (95%) and the Aflibercept-treated group 

(81%) had higher levels of ATG4 mRNA expression 

compared to the control group. This elevation, although 

not statistically significant, may represent a compensatory 
cellular response to anti-VEGF exposure, reflecting mild 

activation of autophagic pathways. 
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DISCUSSION AND CONCLUSION 

Assessing cell viability is crucial for understanding the 
safety profile of Ranibizumab and Aflibercept, especially 

at higher concentrations that may induce cytotoxic effects 

not observed at clinical doses. This study extends previous 

research by evaluating concentrations up to 40× clinical 
doses and exploring autophagic pathways through key 

markers like Beclin1 and ATG4, providing new insights 

into the impact of these agents on both cell viability and 

autophagy, which has been minimally addressed in the 
literature.  

In this in vitro study, the effects of commercially 

available anti-VEGF agents on human retina pigment 

epithelium cells in different concentrations were 
compared. 

Spitzer et al. reported that Ranibizumab did not have 

any cytotoxicity of at clinical doses on ARPE-19 cell line, 

parallel to our results (Spitzer et al., 2007). Malik et al. 
investigated the safety profiles of anti-VEGFs including 

Ranibizumab and Aflibercept on the ARPE-19 cell line. 

They exposed the cells to anti-VEGF agents for 24 hours 

at 0.5×, 1×, 2×, and 10× clinical concentrations. While 
they found Ranibizumab to be safe on cell viability in all 

concentrations, they observed decreased cell viability in 

the Aflibercept group at 10× concentration. They 

monitored no statistically significant differences in cell 
numbers at 1/2×, 1×, and 2× therapeutical doses of 

Ranibizumab and Aflibercept, compared to the untreated 

cells (Malik et al., 2014). However, there was a 

dissimilarity in results at 10× doses which may be due to 
the difference in the cell viability assay method. While an 

automated trypan blue dye exclusion assay was used in 

their study, an MTT assay was employed in ours. Ammar 

et al. investigated the effects of Aflibercept on various 
ocular cells including ARPE-19. For comparison, they 

used Ranibizumab as an active control. Their MTT assay 

revealed that Aflibercept had no in vitro detrimental effect 

on ARPE-19 cell viability even at up to twice of the 
recommended dosage (Ammar et al., 2013). Schnichels et 

al. applied the MTS [3-(4,5-dimethylthiazol-2-yl)-5-(3-

carboxymethoxyphenyl) – 2 - (4 - sulfophenyl) - 2H - 

tetrazolium] assay (a ‘one step’ MTT assay) and suggested 
that cell viability of ARPE-19 cells treated with varying 

concentrations of Ranibizumab and Aflibercept did not 

show any relevant decrease at different time intervals (1st, 

24th, 48th, and 72nd hours) (Schnichels et al., 2013). 
Puddu et al. have achieved comparable results after the 

MTS assay that Ranibizumab and Aflibercept displayed no 

significant difference in viability (Puddu et al., 2016). 

Saenz-de-Viteri et al. brought a different approach to the 
in vitro ARPE-19 studies and examined the cumulative 

effects of anti-VEGF agents including Ranibizumab and 

Aflibercept. They applied repeated clinical doses of anti-

VEGFs. After grouping the cell lines, the medication was 
performed every other day (days of 0, 2, and 4 days) in 

Group 1 while daily (days of 0, 1, 2, 3, and 4 days) in 

Group 2. Both groups tested with MTT assay on the 5th 
day. There were no statistically significant measurable 

cytotoxic effects after single or repeated doses of anti-

VEGFs under both normal and oxidative stress conditions 

(Saenz-de-Viteri et al., 2016). Recently, in contrast to 
previous studies, Emir et al. concluded that even the 

clinical doses of Ranibizumab and Aflibercept caused 

reduced cell viability after 24 hours in the MTT analysis 

of ARPE-19 cells (Emir et al., 2022). 
Differences or similarities between our results and 

previous studies may be attributed to several experimental 

and biological factors. First, variations in the choice of 

assay (e.g., MTT, MTS, or trypan blue exclusion) and 
exposure duration can significantly influence cytotoxicity 

outcomes, as metabolic assays tend to be more sensitive to 

early mitochondrial dysfunction. Second, intrinsic 

physicochemical differences between Ranibizumab and 
Aflibercept—including molecular weight, VEGF-binding 

domains, and receptor affinity—may result in distinct 

cellular responses and autophagic modulation. Third, 

variations in culture conditions such as cell seeding 
density, serum percentage, passage number, and medium 

composition can affect cellular metabolism and VEGF 

receptor expression, thereby altering the observed 

responses to anti-VEGF exposure. In addition, potential 
assay interference caused by protein-rich media or 

differences in incubation time may contribute to 

discrepancies in measured viability between studies such 

as Malik et al. (2014), Schnichels et al. (2013), and Emir 
et al. (2022). Finally, differences in statistical power and 

dose scaling beyond clinical relevance can further explain 

why some studies report minimal toxicity, whereas others 

find decreased viability or altered autophagy profiles 
following anti-VEGF exposure. Collectively, these factors 

provide plausible reasons for the discrepancies observed 

among reports evaluating anti-VEGF cytotoxicity on 

retinal pigment epithelial cells 
In the present study, no statistically significant 

difference in cell viability between Ranibizumab and 

Aflibercept was present, compared to the positive control 

group at 1.25×, 2.5×, 5× and 10× clinical doses after 24 
hours of exposure (Table 1). 

On the other hand, Ranibizumab demonstrated 

decreased cell viability compared to the positive control 

group at 20× and 40× clinical doses, while Aflibercept did 
not (Table 2). 

In addition, when Ranibizumab was compared to 

Aflibercept in terms of cell viability for each incremental 

dose range, no statistically significant difference was 
found between them (Table 3). 

Although several in vivo and in vitro studies in various 

dose ranges have been carried out on safety profiles of 

anti-VEGFs, the present study is the first work that 
assesses the Ranibizumab and Aflibercept at rates up to 40 

× of the clinical doses. The estimated IC50/2 for 

Ranibizumab in our study was calculated as 428.12 

μg/mL, indicating the concentration needed to reduce cell 
viability by 50% under our experimental conditions. 

However, significant reductions in cell viability were 

observed at 20× and 40× clinical doses of Ranibizumab 

(2500 μg/mL and 5000 μg/mL, respectively), which are 
much higher than the IC50. This can be explained by the 

fact that IC50 represents a midpoint in the dose-response 

curve, and at concentrations far exceeding this threshold, 

the cytotoxic effects of Ranibizumab accumulate, resulting 
in more substantial reductions in cell viability. Thus, the 

cytotoxicity observed at 20× and 40× doses align with the 

predicted dose-response relationship beyond the IC50 
point. Additionally, the IC50 was determined under 

specific experimental conditions (such as controlled pH, 

temperature, and assay settings), and it's important to 

recognize that IC50 values can shift depending on the 
biological system and environmental factors.  

Another aim of the current study was to reveal whether 

a relationship exists between anti-VEGF agents and 

autophagy pathways in the ARPE-19 cell line.
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Table 1. Statistical comparison of Aflibercept and positive control for each concentration. 

Group n Mean Rank Total Rank U p 

40× 

(20000 µg/ml) 

Aflibercept 6 4.67 28.00 7.000 0.078 

Positive Control 6 8.17 50.00 

Aflibercept 6 4.83 29.00 8.000 0.109 

20× Positive Control 6 8.17 49.00 

(10000 µg/ml) Aflibercept 6 4.83 32.00 8.000 0.179 

10× Positive Control 6 8.71 49.00 

(5000 µg/ml) Aflibercept 6 6.50 39.00 18.000 1.000 

Positive Control 6 6.50 39.00 

5× Aflibercept 6 6.67 40.00 17.000 0.873 
(2500 µg/ml) Positive Control 6 6.33 38.00 

2.5× Aflibercept 6 5.67 34.00 13.000 0.423 
(1250 µg/ml) Positive Control 6 7.33 44.00 

*p<.05
n: Sample size.; u: The difference between the two rank totals.; p: Probability value.; ×: multiples of clinical concentration, µg/ml: micrograms 

per milliliter. 

A positive control group (Maximal Viability, Max V) was considered 100% viable, and no drug was administered. A negative control group 

(Minimal Viability, Min V) was treated with 0.1% Triton X-100 (Sigma, St. Louis, MO) Triton-X and considered 0% viable.

Table 2. Statistical comparison of Ranibizumab and positive control for each concentration. 

Group n Mean Rank Total Rank U p 

40× 

(5000 

µg/ml) 

Ranibizumab 6 4.17 25.00 4.000 0.025* 

Positive Control 6 8.83 53.00 

20× Ranibizumab 6 4.33 26.00 5.000 0.037* 

(2500 

µg/ml) 

Positive Control 6 8.67 52.00 

10× Ranibizumab 6 5.83 35.00 14.000 0.522 

(1250 

µg/ml) 

Positive Control 6 7.17 43.00 

5× 

(625 

µg/ml) 

Ranibizumab 6 5.34 32.00 13.000 0.237 
Positive Control 6 8.67 52.00 

2.5× Ranibizumab 6 5.50 33.00 12.000 0.337 

(312.5 

µg/ml) 

Positive Control 6 7.50 45.00 

1.25× Ranibizumab 6 6.17 37.00 16.000 0.749 

(156.25 

µg/ml) 

Positive Control 6 6.83 41.00 

*p<.05

n: Sample size.; u: The difference between the two rank totals.; p: Probability value.; ×: multiples of clinical concentration, 

µg/ml: micrograms per milliliter. 

A positive control group (Maximal Viability, Max V) was considered 100% viable, and no drug was administered. A negative 
control group (Minimal Viability, Min V) was treated with 0.1% Triton X-100 (Sigma, St. Louis, MO) Triton-X and considered 

0% viable. 

Table 3. Statistical comparison of Aflibercept and Ranibizumab for each concentration. 

Active Substance n Mean Rank Total Rank U p 

40× Aflibercept 6 6.67 40.00 17.000 0.873 

Ranibizumab 6 6.33 38.00 

20× Aflibercept 6 5.50 33.00 12.000 0.337 

Ranibizumab 6 7.50 45.00 

10× Aflibercept 6 5.83 35.00 14.000 0.552 

Ranibizumab 6 7.17 43.00 

5× Aflibercept 6 6.50 39.00 18.000 1.000 

Ranibizumab 6 6.50 39.00 

2.5× Aflibercept 6 7.00 42.00 15.000 0.631 

Ranibizumab 6 6.00 36.00 

1.25× Aflibercept 6 6.17 37.00 16.000 0.749 

Ranibizumab 6 6.83 41.00 

n: Sample size.; u: The difference between the two rank totals.; p: Probability value.; ×: multiples of clinical 

concentration.
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Angiogenesis is a complex process that involves stages 

such as endothelial cell proliferation, matrix degradation, 
migration, tube formation, and vessel maturation. 

Pathological angiogenesis is linked to several diseases, 

including cancer, macular degeneration, and diabetic 

retinopathy. In each of these conditions, inhibition of 
angiogenesis has been shown to inhibit disease 

progression (Folkman, 2006; Reddy et al., 2003). VEGF is 

a transcriptionally regulated survival factor for endothelial 

cells. Blocking VEGF receptor-mediated signaling via the 
phosphatidylinositol 3-kinase (PI3K) / protein kinase B 

(Akt) pathway leads to cell cycle arrest and programmed 

cell death (Folkman, 2007). Autophagy and apoptosis 

usually occur in the same cell, often in a sequence where 
autophagy precedes apoptosis. This is because stress often 

stimulates an autophagic response, especially when the 

stress level is not fatal. In most cases, autophagy 

constitutes a strategy for adapting and coping with stress 
(Kroemer et al., 2010). However, if the cell initiates 

apoptosis, autophagy can be inactivated partially due to the 

caspase-mediated cleavage of essential autophagy 

proteins. Beyond this general scenario, essential proteins 
involved in autophagic processes may promote cellular 

death either by catabolizing vital cell components or 

facilitating the activation of apoptotic or necrotic 

programs, respectively (Galluzzi et al., 2009). 
In the present study, the decrease in Beclin-1 gene 

expression levels after anti-VEGF exposure is consistent 

with this basic information in the literature. There is still 

no consensus in the literature (whether induction or 
inhibition) on the relationship between anti-VEGF and 

autophagy. Lytvynchuk et al. showed in a mouse fibroblast 

cell line that anti-VEGFs dose-dependently inhibit 

survival, mitotic activity, and proliferation while 
increasing cellular heterogeneity, apoptosis, and 

autophagy. Authors reported that Ranibizumab showed 

lower antiproliferative and apoptotic activity than 

Aflibercept and other anti-VEGFs. This result for 
Ranibizumab, not having a significant effect on 

proliferation and apoptotic activity despite increasing 

doses, was explained by the different mechanisms of 

action (more induction) of Ranibizumab on autophagy 
(Lytvynchuk et al., 2015). In our results, the effect of 

Ranibizumab on the autophagy gene Beclin1 (lower 

inhibitory effect) was significantly dissimilar to 

Aflibercept (Figure 2). 

Figure 2. Beclin1 mRNA expression in ARPE-19 cells 

(n=3). Control (C), Ranibizumab at 50% viability 

inhibition concentration half (IC50/2) (R), and Aflibercept 
at 50% viability inhibition concentration half (IC50/2) (A). 

*P≤0.05(n=3).

Liang et al. investigated the relationship between the 

anti-VEGF agent Bevacizumab and autophagy in a glioma 
tumor cell line, concluding that the agent induced 

autophagy. They attributed this to the fact that 

Bevacizumab (and other antiangiogenic agents) may cause 

nutrient deprivation and oxygen stress in the tumor 
microenvironment by inhibiting the tumor vasculature and 

induction of the autophagy process (Liang et al., 2015). 

Liu et al. claimed that autophagy kills tumor cells during 

tumorigenesis and inhibits tumor growth, but once tumor 
formation occurs, autophagy protects the survival of tumor 

cells against various environmental conditions. It has even 

been hypothesized that autophagy plays a crucial role in 

suppressing tumorigenesis that as many human cancers, 
such as breast and prostate cancers, often involve the loss 

of two core autophagy genes, Beclin1 and/or ATG4. The 

hypoxia induced autophagy, caused by anti-angiogenesis 

therapies, is now recognized as an essential contributor to 
resistance to the drugs (Liu et al., 2016). While autophagy 

is well-studied in cancer cells, it is less understood in 

retinal cells. However, insights from tumor biology help 

us see how VEGF inhibition might influence similar 
autophagic processes in the retina, especially in diseases 

with neovascularization. Research on tumor cells shows 

that blocking VEGF can trigger autophagy, offering clues 

about how these pathways might work in RPE cells. 
Indeed, Wang et al.'s study on rhesus monkey 

choroid/retinal endothelial cell line showed that 

Ranibizumab and Conbercept triggered autophagy in cells 

under hypoxia conditions, but Aflibercept has a different 
effect on autophagy and inhibits the expression of Beclin1. 

Wang et al. proposed that this autophagy activation could, 

in turn, promote angiogenesis and thereby weaken the role 

of anti-angiogenic drugs, so induced autophagy may be the 
reason for the poor therapeutic effect of anti-angiogenic 

drugs. They suggested this induced autophagy may be a 

primary reason for the observed poor therapeutic outcomes 

associated with certain anti-VEGF treatments. Ultimately, 
their findings support the conclusions of various clinical 

trials indicating the superiority of Aflibercept over other 

currently available anti-VEGF agents.  (Wang et al., 2021). 

Although our study utilized a different cell line than that 
investigated by Wang et al., we similarly observed 

Aflibercept's distinct effect, noting its inhibition of 

Beclin1 expression. 

In this study, an increase (statistically not significant) 
in ATG4 expression was determined in ARPE-19 cell line 

treated with Ranibizumab and Aflibercept compared to the 

control group (Figure 3). 

Figure 3. ATG4 mRNA expression in ARPE-19 cells. 

Control (C), Ranibizumab at 50% viability inhibition 

concentration half (IC50/2) (R), and Aflibercept at 50% 

viability inhibition concentration half (IC50/2) (A). 
*P≤0.05(n=3).
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It has been previously reported that anti-VEGF agents 

induce autophagy (Liang et al., 2015; Liu et al., 2016; 
Lytvynchuk et al., 2015). In more recent studies, the 

relationship between anti-VEGF therapies and autophagy 

has remained the center of attention of researchers. For 

example, Segatto et al. applied Ranibizumab and 
Aflibercept to New Zealand white rabbit eyes and 

evaluated their retinas in vitro after enucleation. They 

found that VEGF inhibition led to changes in neurotrophin 

signaling and strongly stimulated apoptosis and 
autophagy. They also noted that the effects caused by 

Aflibercept at earlier time-points were more pronounced 

compared to Ranibizumab (Segatto et al., 2019). Schottler 

et al. found that the autophagosome area increased more 
using Ranibizumab compared to Aflibercept in a study 

which they applied Ranibizumab and Aflibercept long-

term (12 weeks), and repeated doses to porcine RPE cell 

line (Schottler et al., 2018). In our study, the increase 
caused by Ranibizumab in ATG4 gene expression was 

higher than Aflibercept and in parallel with this study. 

Although ATG4, similar to Beclin1, is an essential 

autophagy protein, its mechanism of action is quite 
different. Beclin1 initiates the formation of an isolation 

membrane (also called phagophore) in the first stage of 

autophagy, the nuclear autophagy pathway (nuclear 

complex formation), mainly at the contact sites between 
mitochondria and endoplasmic reticulum (Marino et al., 

2014). Unlike other known BH3-only proteins, Beclin1 

does not function as a proapoptotic molecule (He and 

Levine, 2010). Besides this exception, it is noteworthy that 
most Beclin1-interacting proteins modulate autophagy and 

apoptosis in the same direction; that is to say, they inhibit 

or promote both processes (Marino et al., 2014). Unlike 

Beclin1, ATG4 has a crucial role in autophagosome 
formation, a more advanced stage of autophagy. Since 

both the processing and delipidation reactions of ATG8 by 

ATG4 are essential for autophagosome formation, 

inhibition of ATG4 leads to the inhibition of autophagy at 
the autophagosome formation stage (Maruyama and Noda, 

2018). In our study, although both are associated with 

autophagy; the different directions of progress in Beclin1 

and ATG4 compared to the control group as decrease and 
increase respectively, may be explained by this difference 

in their mechanisms of functioning. The findings from our 

study regarding Beclin1 and ATG4 expression in ARPE-

19 cell line should be interpreted cautiously. While 
autophagy was influenced by the treatments, the absence 

of statistically significant changes for ATG4 and the 

modest decrease in Beclin1 suggest that these results are 

preliminary. This highlights the need for more targeted 
autophagy studies in the future, particularly in primary 

retinal cells or in vivo models of retinal disease. 

The current study has several limitations. First, our 

primary focus was examining the effects of Ranibizumab 
and Aflibercept on the ARPE-19 cell line. As a result, the 

generalizability of the findings to other cell types or patient 

populations may be limited. Second, while the ARPE-19 
cell line is commonly used in in vitro studies, it may not 

fully represent the complexity and heterogeneity of the 

human retina. Therefore, caution is necessary when 

extrapolating these findings to the in vivo settings. Third, 
we only focused on the short-term (24-hour) effects of 

anti-VEGF agents. Therefore, we may speculate about 

their long-term or potential cumulative effects, which 

requires further investigation. 
In conclusion, our study highlights that Ranibizumab 

reduced cell viability in ARPE-19 cells only at 20× and 

40× clinical doses, whereas no significant cytotoxicity was 

observed at clinical doses. Aflibercept demonstrated less 

cytotoxicity, maintaining cell viability even at higher 
doses. Additionally, distinct autophagic responses were 

observed, with Ranibizumab inhibiting Beclin1 less than 

Aflibercept. Both drugs increase ATG4 expression 

suggesting a potential autophagic response. However, this 
result is preliminary, and further studies are needed to 

confirm the role of autophagy in retinal cells, using 

additional markers and assays. 

From a clinical perspective, these findings suggest that 
both Ranibizumab and Aflibercept are safe at standard 

intravitreal doses, supporting their continued clinical use. 

The observed cytotoxicity at supratherapeutic 

concentrations underscores the importance of strict 
adherence to recommended dosing and monitoring 

cumulative exposure in patients receiving long-term anti-

VEGF therapy. Moreover, the differential autophagic 

responses between agents may provide a rationale for 
individualized treatment selection or potential 

combination strategies targeting both VEGF and 

autophagy pathways in refractory retinal diseases. 
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