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ABSTRACT

Objective: To compare the effects of the bevacizumab biosimilar (bevacizumab-awwb, MVASI®) and reference bevacizumab (Avastin®) on oxidative
stress, inflammation, and cytotoxicity in human retinal pigment epithelial (ARPE-19) cells.

Methods: ARPE-19 cells were treated with clinically relevant concentrations of bevacizumab-awwb or reference bevacizumab (0.313 and 0.625
mg/ml) for 24 h. Cell viability was assessed using Alamar blue assay and apoptosis was analyzed by Annexin V-FITC/PI flow cytometry. Intracellular
reactive oxygen species (ROS) generation was evaluated by CMH2DCFDA staining and fluorescence quantification. Proinflammatory cytokine
secretion (IL-1B, IL-6, TNF-a) was measured using ELISA. Expression of nuclear factor erythroid 2-related factor 2 (Nrf2) and phosphorylation of
extracellular signal-regulated kinase 1/2 (Erk1/2) were determined by capillary-based Western blotting.

Results: Both bevacizumab-awwb and reference bevacizumab had no significant effects on cell viability or apoptosis induction relative to untreated
controls (P>0.05), indicating preserved membrane integrity and absence of cytotoxicity after 24 h exposure. ROS production and secretion of IL-1f3,
IL-6, and TNF-a remained unchanged, suggesting no oxidative or inflammatory response. Notably, bevacizumab-awwb treatment upregulated Nrf2
expression and Erk1/2 phosphorylation, indicating activation of antioxidant-related signaling pathways.

Conclusion: These findings indicate that a clinical dose of bevacizumab-awwb, comparable to its reference biologic, does not induce oxidative
stress or inflammation in ARPE-19 cells. Furthermore, it may contribute to oxidative stress modulation through increased Nrf2 expression.
Collectively, these results support the use of bevacizumab-awwb as a safe, non-toxic alternative for intravitreal therapy in ophthalmic diseases.
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INTRODUCTION

Oxidative stress (0S) is a key pathological factor in the development and
progression of many retinal diseases, including diabetic retinopathy, age-
related macular degeneration (AMD), myopia, retinal vein occlusion
(RVO), retinitis pigmentosa (RP) and retinopathy of prematurity (ROP)
[1, 2]. OS arises from an imbalance between the generation and
elimination of reactive oxygen species (ROS), leading to the disruption of
cellular homeostasis, inflammation, and progressive retinal damage [1,
3]. OS is also known to upregulate vascular endothelial growth factor
(VEGF) expression, which plays a critical role in abnormal angiogenesis
in the retina [4, 5]. Notably, VEGF itself can induce intracellular ROS
accumulation through activation of nicotinamide adenine dinucleotide
phosphate (NADPH) oxidase and mitochondrial pathways, further
exacerbating oxidative damage and angiogenesis in retinal tissues [6].

Anti-VEGF therapies are widely administered via intravitreal
injection in the management of neovascular retinal diseases [4, 7, 8].
Among these therapies, intravitreal bevacizumab (Avastin®), a
humanized monoclonal IgG1 antibody targeting VEGF, was originally
approved by the U. S. Food and Drug Administration (FDA) in 2004
for intravenous administration in the treatment of colorectal cancer
treatment [9]. Since 2005, it has been widely used off-label for
neovascular AMD due to its cost-effectiveness and efficacy
comparable to other anti-VEGF agents [10-12]. The primary
mechanism of these anti-VEGF drugs involves inhibiting VEGF-
mediated angiogenesis. Moreover, it has been shown that anti-VEGF
therapy may contribute to OS attenuation by lowering VEGF-A
levels, thereby reducing ROS generation [13]. However, the
reduction of VEGF-A may adversely affect retinal cell survival under
certain conditions, raising safety concerns for anti-VEGF use [13,
14]. Given the therapeutic potential of the anti-VEGF drugs
exhibiting antioxidant and anti-angiogenic properties, efforts have

been devoted to developing nanoparticle-based drug delivery
systems aimed at enhancing pharmacological efficacy and promoting
cellular viability [15]. These findings underscore the increasing
prominence of anti-VEGF therapies in the management of retinal
diseases. Despite their clinical efficacy, the high cost of biologic
treatments presents a substantial barrier to treatment accessibility
[16]. Therefore, evaluating both the efficacy and safety of biosimilars
compared to their reference products (RPs) is important for the
treatment of ocular diseases.

Bevacizumab-awwb (MVASI®), the first FDA-approved biosimilar of
the licensed RP bevacizumab, was authorized in 2017 for use in
various cancers [17]. The clinical and biological properties of
bevacizumab-awwb closely resemble those of the RP, with no
clinically meaningful differences [18]. Despite its approval for
systemic use, the effects of bevacizumab-awwb in ocular
applications, particularly its impact on oxidative stress and
inflammation in retinal cells, remain insufficiently characterized.
Given its cost advantage over reference bevacizumab, it is essential
to explore how bevacizumab-awwb influences ROS generation,
inflammatory responses, and cellular antioxidative defense
mechanisms, thereby supporting its potential as a viable alternative
for intravitreal therapy.

Several studies have suggested that VEGF plays a crucial role in a
positive feedback loop that enhances antioxidative defense system
through the upregulation of extracellular signal-regulated kinase
1/2 (Erk1/2) and nuclear factor erythroid 2-related factor 2 (Nrf2)
[19]. Specifically, Erk1/2 facilitates the nuclear translocation of Nrf2,
which subsequently induces the expression of key antioxidant
enzymes, including heme oxygenase-1 (HO-1) and NAD(P)H:
quinone oxidoreductase 1 (NQO1), thereby mitigating oxidative
damage and promoting cellular protection [20]. However, excessive
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VEGF expression may contribute to cellular stress under
pathological conditions. Therefore, elucidating the interaction
between the Erkl/2 and Nrf2 signaling in the context of VEGF
inhibition may provide important insights into their potential roles
in retinal cell homeostasis and therapeutic efficacy.

In this study, we evaluated the comparative effects of bevacizumab-
awwb and its reference product on oxidative stress, inflammation,
and cytotoxicity in human retinal pigment epithelial (ARPE-19) cells.
Specifically, we examined ROS production, apoptosis,
proinflammatory cytokine secretion, and the activation of Nrf2 and
Erkl/2 pathways. These insights are essential for determining
whether bevacizumab-awwb induces stress-related cellular
responses in retinal cells, thereby contributing to the growing
evidence base supporting its clinical application in ophthalmology.

MATERIALS AND METHODS
Cell culture

ARPE-19 cell lines (ATCC CRL-2302, RRID: CVCL 0145, American
Type Culture Collection, Manassas, VA, USA) were purchased from
Biomedia (Thailand) CO., Ltd., Lot: 70039146, in February 2022.
Cells were authenticated using STR in December 2020. Cells were
cultured in Dulbecco’s Modified Eagle Medium/Nutrient Mixture F12
(DMEM/F12, Gibco, Waltham, MA, USA), supplemented with 10%
fetal bovine serum (FBS, Gibco) and 1% penicillin/streptomycin
(Gibco). Cultures were maintained at 37 °C in a humidified
atmosphere containing 5% CO2. The medium was changed three
times a week or upon observable color change.

Bevacizumab and bevacizumab-awwb

Bevacizumab Lot: B7263 was purchased from Sawanpracharak
Hospital in September 2022, and Bevacizumab-awwb (MVASI®) Lot:
1146995 was purchased from Sangsiri Medical. CO., LTD. in August
2022. The concentration of 0.313 mg/ml was selected to represent
the estimated clinical intravitreal concentration of bevacizumab,
while 0.625 mg/ml was included to evaluate potential effects at
twice the clinical concentration.

Cell viability assay

Cell viability was determined by assessing the reduction of Alamar
Blue from its resorufin form to resazurin, which indicates cellular
viability. ARPE-19 cells were seeded at a density of 5x103 cells per
well. Following a 24 h incubation period, ARPE-19 cells were
allocated into the control group (untreated) and experimental group
(treated), receiving either 0.313 or 0.625 mg/ml of bevacizumab-
awwb or the reference bevacizumab for an additional 24 h. After
medium removal, 100 pl of DMEM and 10 pl of Deep Blue Cell
Viability™ reagent (Thermo Fisher Scientific, Milano, Italy) were
added to each well. The cells underwent a further incubation for 3 h
at 37 °C. Cell viability was quantified by measuring the relative
fluorescence units (RFU) at an excitation/emission (Ex/Em)
wavelength of 530/590 nm using a SpectraMax iD3 microplate
reader (Molecular Devices, Sunnyvale, CA). Analysis was based on
data from three independent experiments. The percentage of cell
viability (% cell viability) was calculated using the formula below:

% cell viability = (RFU treated/RFU untreated) x 100

Following ISO 10993-5: 1999 (Biological evaluation of medical
devices; Part 5: Tests for in vitro cytotoxicity), cytotoxicity is
identified when the survival rate of test cells falls below 70%.

Cell apoptosis assay

Cell apoptosis assay used the Annexin V-FITC/PI apoptosis detection
kit (BD Biosciences, San Jose, CA, USA). ARPE-19 cells were treated
with  specified concentrations of bevacizumab-awwb and
bevacizumab or left untreated for 24 h. After the incubation, cells
were harvested and stained with FITC-conjugated Annexin V and
propidium iodide (PI) for 15 min at room temperature in the dark.
The stained cells were analyzed using a FACS Calibur flow cytometer
(Becton Dickinson, NJ, USA). The proportions of cells in different
apoptosis stages—viable (Annexin V-/PI-), early apoptotic (Annexin
V+/PI-), late apoptotic (Annexin V+/PI+), and necrotic (Annexin
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V-/Pl+)—were quantified as percentages using CellQuestPro
software (Becton Dickinson).

Reactive oxygen species (ROS) generation assessment

Cells were cultured in an 8-well chamber slide for 24 h. Oxidative
stress was induced by exposing the cells to specified drugs for 60
min. Intracellular ROS generation was quantified using a 5uM
chloromethyl derivative of 2,7 dichlorodihydrofluorescein
(CMH2DCFDA) supplied by ThermoFisher Scientific, following the
manufacturer’s instructions for 20 min. Cells exhibiting green
fluorescence were examined using a 20x objective lens on a
fluorescence microscope (Nikon), employing NIS-Elements D
software for image analysis. Quantification of CM-H.DCFDA-stained
cells was determined and calculated into mean correlated total cell
fluorescence (CTCF) using Image ] software (version 1.46r,
https://imagej.nih.gov/ij/download.html. (In brief, fluorescence
images of CM-H2DCFDA-stained cells were first converted to 8-bit
grayscale. The background signal was removed by selecting a blank
area outside the cell region and using the “subtract background”
function with a rolling ball radius of 50 pixels. For each image, a
uniform region of interest (ROI) was manually drawn around each
cell or cell cluster. The following parameters were measured:
Integrated Density (IntDen), Area, and mean Gray Value. Corrected
total cell fluorescence (CTCF) was calculated using the formula:

CTCF = Integrated Density — (Area of ROI x mean fluorescence of
background)

Data were expressed as mean+standard deviation (SD). All images
were processed under identical acquisition settings and exposure
times to ensure consistency across samples.

Pro-inflammatory cytokines secretion measurement

To assess the inflammatory response induced by bevacizumab-awwb
and reference bevacizumab, the levels of pro-inflammatory cytokines,
including tumor necrosis factor-alpha (TNF-a), interleukin-6 (IL-6),
and interleukin-1 beta (IL-1f), were quantified using human-specific
enzyme-linked immunosorbent assay (ELISA) kits (Abcam, Cambridge,
MA, USA) by the manufacturer’s instructions. Following 24 h exposure
of cells to 0.313 and 0.625 mg/ml of each agent, culture supernatants
were collected and centrifuged at 3,000 x g for 10 min at 4 °C to
remove cellular debris. The clarified supernatants were subsequently
analyzed using ELISA kits. Cytokine concentrations were determined
by interpolation from a standard curve generated for each analyte. All
experiments were performed in triplicate to ensure reproducibility
and statistical reliability.

Capillary-based western blot analysis

For the ARPE-19 Cells blot analysis, cells underwent a 24 h
treatment with specified drugs. Protein lysates were subsequently
extracted using RIPA lysis buffer (ThermoFisher Scientific, Milano,
Italy) enhanced with a phosphatase/protease inhibitor cocktail
(ThermoFisher Scientific) and maintained on ice for 15 min. Protein
concentrations were determined via the Bradford Colorimetric assay
(BCA, ThermoFisher Scientific), adhering to the manufacturer’s
guidelines. Protein expression analysis employed a capillary-based
Western blot system (Simple Western™, Protein Simple, Santa Clara,
CA, USA). In this process, protein samples were diluted, and an equal
amount of total protein from each sample was assessed for protein
expression using the WES system (Protein Simple). The following
primary antibodies were used for protein detection: anti-Nrf2 (rabbit
mAb, clone D1Z9C, catalog #12721; dilution 1:200) (Cell Signaling,
Danvers, MA, USA), anti-phospho-Erk1/2 (Thr202/Tyr204) (rabbitm
Ab, clone D13.14.4E, catalog #4370; dilution 1:200) (Cell Signaling),
anti-glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (rabbit
monoclonal, clone D16H11, catalog #5147; dilution 1:600)(Cell
Signaling). Working dilutions were prepared in the antibody diluent
provided with the WES system according to the manufacturer’s
protocol. Band intensities were quantified using Compass for SW
version 6.2.0 software (Protein Simple).

Statistical analysis

All experiments were performed in triplicate (n = 3), representing
independent biological replicates, to ensure reproducibility and
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consistency across experimental conditions. All experimental data
were presented as mean+standard deviation (SD .(The Shapiro-Wilk
test was employed to assess the normality of distribution. For
datasets with normal distribution, statistical comparisons between
two groups were performed using Student’s T-test and One-way or
two-way analysis of variance (ANOVA) followed by Tukey’s post-hoc
test was used for multiple group comparisons. In cases where data
deviated from normality, the Kruskal-Wallis’s test, followed by
Dunn’s multiple comparisons test, was used as a non-parametric
alternative. The statistical analyses were performed using Prism 10
software (GraphPad, La Jolla, CA, USA). Differences were considered

statistically significant at P values less than 0.05. - 120
o T
RESULTS .g. T —
Cell viability L°> 80-
Using the Alamar blue assay, we initially evaluated the cytotoxic E
effects of bevacizumab-awwb and reference bevacizumab on ARPE- <
19 cells at clinically relevant concentrations (0.313 and 0.625 2
mg/ml). After exposure to both therapeutic agents, there was no 3 404
statistically significant difference in cell viability was observed o°
(P>0.05) (fig. 1). The results indicated a high percentage of viable 2z
cells in the treated groups compared to the untreated control. These ]
findings suggest that bevacizumab-awwb, at clinically relevant ©
doses, does not affect the biological status of ARPE-19 cells, 0-

consistent with the effect of reference bevacizumab.
Cell apoptosis

The high viability of ARPE-19 cells after exposure to bevacizumab-
awwb and bevacizumab suggests that the integrity of the cell
membrane remains intact, thereby preventing the induction
apoptosis. The effect of bevacizumab-awwb and bevacizumab on the
progression of apoptosis in ARPE-19 cells was examined by

bevacizumab

bevacizumab-awwb
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quantifying Annexin V-and Pl-stained cells. After treatment, cells
exposed to both drugs demonstrated a predominance of viability,
with a high percentage of cells negative for both Annexin V and PI
staining (fig. 2). Moreover, there was no significant difference in the
rates of early and late apoptosis between treated cells and untreated
controls, indicating that clinically relevant doses of bevacizumab-
awwb and bevacizumab do not compromise the cell membrane
integrity of APRE-19 cells, thereby preserving cell viability.

0 ,0.313 0.625 0.313 0.625 mg/ml

bevacizumab bevacizumab
-awwb

Fig. 1: Effect of 0.313 mg/ml and 0.625 mg/ml of bevacizumab
and bevacizumab-awwb on ARPE-19 cell viability after 24 h of
treatment. Neither clinically relevant concentrations of
bevacizumab nor bevacizumab-awwb affect cell viability
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Fig. 2: The effect of bevacizumab-awwb and bevacizumab on ARPE-19 cell apoptosis. Cells were treated with bevacizumab-awwb and
bevacizumab for 24 h. Then, cells were probed with Annexin V (5 pl) and PI (5 pl). The percentage of drug-induced apoptotic cells is
shown in the graph representing the mean+SD .Data are representative of three independent experiments

ROS production

The accumulation of intracellular ROS is a key contributor to
oxidative stress and has been implicated in the pathogenesis of
various age-related, vision-threatening ocular diseases [21]. To
evaluate whether bevacizumab-awwb and bevacizumab influence
ROS generation, ARPE-19 cells were treated with each agent and

subsequently stained with CM-H,DCFDA. As shown in fig. 3, both
drugs induced a concentration-dependent trend toward increased
ROS-associated fluorescence. However, the fluorescence intensity
did not differ significantly from that of untreated controls. These
results suggest that neither bevacizumab-awwb nor bevacizumab
promotes intracellular ROS accumulation, indicating a lack of
oxidative stress induction in retinal pigment epithelial cells.
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Fig. 3: Generation of intracellular ROS level. Cells were treated with bevacizumab or bevacizumab-awwb for 60 min. The intracellular ROS
accumulation was measured by the fluorescence probe CMH:DCFDA. The fluorescence images were taken under a fluorescence
microscope. The means of correlated total cell fluorescence in each group were quantified using Image]J software. Data is represented as
the mean+SD of three independent experiments

Pro-inflammatory cytokine secretion

The analysis demonstrated that treatment with bevacizumab-
awwb did not result in a statistically significant alteration in the
levels of proinflammatory cytokines, including IL-1B, IL-6, and
TNF-a, compared to untreated controls (P>0.05) (fig. 4). These
results suggest that a clinically relevant dose of bevacizumab-
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200+

awwb does not induce cytokine production. Although a slight
increase in cytokine levels was observed at higher drug
concentrations, this change was not statistically significant.
Therefore, the findings indicate that bevacizumab-awwb does not
provoke a pronounced inflammatory response in cells, consistent
with the inflammatory response profile observed with
bevacizumab treatment.
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Fig. 4: Pro-inflammatory cytokines production. Cells were treated with bevacizumab or bevacizumab-awwb for 24 h, and cytokine release
was examined using ELISA. (A) IL-1 level, (B) IL-6 level, and (C) TNF-a level. Results were expressed as mean+SD of three separate
experiments
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Western blot analysis

The expression of anti-inflammatory-related proteins following cell
treatment was assessed via Western blot analysis to further
elucidate the mechanisms by which bevacizumab-awwb reduced
proinflammatory cytokine release. As shown in fig. 5, treatment with
bevacizumab-awwb  induced a significant dose-dependent

Int ] App Pharm, Vol 17, Issue 5, 2025, 139-145

upregulation of Nrf2 expression compared to untreated controls.
Moreover, a significant increase in Erk1/2 protein phosphorylation
was observed following drug exposure. These findings demonstrate
that bevacizumab-awwb effectively mitigates ROS accumulation and
pro-inflammatory cytokine secretion by promoting Nrf2 and
pErk1/2 activation, indicating an efficacy comparable to that of
bevacizumab.
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Fig. 5: Capillary electrophoresis (CE) based Western blot images. Cells were treated with bevacizumab or bevacizumab-awwb for 24 h.
Cell lysates were collected and subjected to capillary-based Western blotting by probing with anti-Nrf2, anti-pErk1/2 and anti-GAPDH
antibodies .(A) Gel-like image viewed from Western blot assay. (B, C) value in A, quantifying protein band intensity, are presented as the
ratio of Nrf2 or pErk1/2 to corresponding GAPDH relative to the protein of choice expressed in control ARPE-19. Data are representative
of three experiments (mean+SD). **P<0.01, *** P<0.001

DISCUSSION

Biosimilars are designed to be highly similar to their reference
products in terms of safety, purity, and potency, with no clinically
meaningful differences in therapeutic outcomes [22]. They may
exhibit minor variations in clinically inactive components, such as
stabilizers and buffers, which do not affect clinical safety or efficacy.
In the United States, four bevacizumab biosimilars have been
approved for intravenous oncologic applications, namely
bevacizumab-awwb  (MVASI®), bevacizumab-bvzr (Zirabev®),
bevacizumab-maly (Almysys®), and bevacizumab-adcd (Vegzelma®),
with bevacizumab-awwb being the first FDA-approved bevacizumab
biosimilar for this indication [23]. In clinical settings, comparable
safety and efficacy profiles have been observed between intravenous
bevacizumab and its biosimilar, bevacizumab-awwb (MVASI®) [24].

In this study, we evaluated the effects of bevacizumab-awwb (a
bevacizumab biosimilar) in comparison to reference bevacizumab
(RP) on cell viability, apoptosis, and cellular biological changes,
including ROS production and proinflammatory cytokine induction
in ARPE-19 cells. Our findings revealed that a clinically relevant dose
of bevacizumab-awwb does not adversely affect the survival rate or
cell membrane integrity of ARPE-19 cells, mirroring the outcomes
observed with the reference product, as evidenced by a high number
of viable cells and low incidence of apoptotic cells.

Numerous studies have previously reported that human retinal
pigment epithelial cells remain unaffected by bevacizumab [23, 25-
27]. This study corroborates those findings, demonstrating similar
cell viability with the clinically relevant concentrations of

bevacizumab and bevacizumab-awwb. It employed standard assays
to ascertain the relative safety of bevacizumab-awwb in this in vitro
model.

Diabetic macular edema (DME) and retinal vein occlusion (RVO) are
frequently associated with elevated vitreous cytokine levels, a
phenomenon that is gradually attenuated through intravitreal anti-
VEGF therapy [28-30]. Several previous studies have reported
inconsistent inflammatory responses following anti-VEGF treatment
in ocular cells. For instance, some investigations have shown that
bevacizumab or other anti-VEGF agents can induce the secretion of
proinflammatory cytokines such as IL-6 and TNF-a in retinal
pigment epithelial or endothelial cells, particularly under stress
conditions such as high-glucose exposure or hypoxia. In contrast,
our findings demonstrate that neither bevacizumab-awwb nor
bevacizumab elicited the release of pro-inflammatory cytokines in
ARPE-19 cells under basal conditions. This observation is consistent
with previous reports suggesting that bevacizumab biosimilars
exhibit no clinically significant differences in immunogenicity
compared to their reference biologics [18]. These discrepancies in
cytokine responses may arise from variations in experimental
conditions, as our study assessed the drug's effect under basal
conditions without additional stress induction. While bevacizumab
biosimilars are designed to mimic the mechanism of action of the
reference product, variability in immune response and cytokine
production may still occur at the cellular level.

Although our findings demonstrate that bevacizumab-awwb
treatment upregulates Nrf2 expression and promote Erk1/2
phosphorylation in ARPE-19 cells, the underlying mechanisms
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remain to be fully elucidated. A plausible explanation is that VEGF
inhibition transiently elevates intracellular ROS levels, which serve
as signaling molecules facilitating the nuclear translocation of Nrf2
[19]. This proposed mechanism aligns with our observations, in
which both bevacizumab and bevacizumab-awwb exhibited a trend
toward increased ROS levels, although the differences were not
statistically significant. Nevertheless, even modest ROS elevation
may serve as a sufficient intracellular signal to activate Nrf2, as
evidenced by the upregulation of Nrf2 expression observed in our
Western blot analysis. Upon nuclear translocation, Nrf2 binds to
antioxidant response elements (AREs), inducing the transcription of
cytoprotective genes such as HO-1, glutathione peroxidase (GPx),
and NQO1, which collectively act to neutralize ROS and limit
oxidative damage [31-34]. Taken together, these findings suggest
that both agents may enhance the antioxidant defense mechanisms
of RPE cells through Nrf2-mediated signaling pathways triggered by
VEGF inhibition.

Furthermore, we observed that cells treated with the drugs
exhibited a significant and dose-dependent increase in pErk1/2
expression. This suggests that bevacizumab-awwb administration
may affect the expression of Nrf2 protein through the accompanying
upregulation of pErk1l/2 expression in ARPE-19 cells [31, 32].
Together, these results are consistent with the observation that both
drugs did not induce ROS accumulation or proinflammatory
cytokines release, possibly due to shared specific components or
mechanisms of action [11-12]. Considering the accumulation of
oxidative damage and chronic inflammation characteristic of many
retinal diseases, the induction of Nrf2 expression by bevacizumab-
awwb may offer cellular protection against oxidative stress in retinal
cells [32].

Nevertheless, the current assessment of cell viability is limited to a
single 24 h exposure period and two drug concentrations. To
comprehensively evaluate the safety profile of bevacizumab-awwb,
future studies should incorporate prolonged exposure durations and a
broader range of clinically relevant concentrations to assess potential
long-term cytotoxicity and biological effects [11]. Furthermore,
conclusions regarding enhanced antioxidant capacity remain confined
to upstream pathway activation. To substantiate these findings, future
studies should include quantitative assessments of Nrf2-regulated
antioxidant enzymes, such as HO-1, NQO1, and GPx, to determine
whether these molecular changes translate into functional antioxidant
protection at the protein level [31].

CONCLUSION

In conclusion, our study provided comparative in vitro nonclinical
data between bevacizumab-awwb (a biosimilar) and bevacizumab
(RP) on ARPE-19 cells. Similar to the bevacizumab reference, we
found that the bevacizumab-awwb exhibited no differences in safety
profile. Bevacizumab-awwb did not disturb the viability of ARPE-19
cells or induce cell apoptosis following exposure to the drug.
Furthermore, bevacizumab-awwb might diminish ROS generation
and proinflammatory cytokines secretion through upregulation of
Nrf2 transcription factor protein expression, accompanied by
pErk1/2 expression. Our data suggests that the biosimilar
bevacizumab-awwb is non-toxic to ARPE-19 cells and elicits an
inflammatory response comparable to that of the reference
biologics, bevacizumab. Nevertheless, these findings are based on an
in vitro models; further validation in preclinical animal studies or
with patient-derived retinal tissues is necessary to confirm their
clinical relevance and support potential translational applications.
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