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Human retinal pigment epithelial cells are protected against
hypoxia by BNIP3
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Background: Hypoxia has been implicated in the process of retinal pigment epithelium (RPE) dysfunction.
However, recent studies suggest that hypoxia contributes to survival rather than cell death through induction
of Bel-2/adenovirus E1B 19-kDa interacting protein 3 (BNIP3)-dependent autophagy. In contrast, persistent
oxidative stress was found to result in autophagy dysregulation in RPE cells. These seemingly contradictory
findings led us to investigate the potential role of BNIP3, a crucial mediator of hypoxia-induced autophagy,
in the context of hypoxic RPE cells.

Methods: Human RPE D407 cells were treated with low-oxygen conditions, and cell growth, apoptosis,
and autophagy was assessed by Cell Counting Kit-8 assay, flow cytometry analysis and immunofluorescence
staining, respectively.

Results: Hypoxic conditions simultaneously triggered a large amount of apoptosis and inhibited autophagy.
Moreover, hypoxia led to severe impairments, including the stimulation of reactive oxygen species, and
reduction of mitochondrial membrane potential, and adenosine triphosphate production. The stimulation
of autophagy by rapamycin inhibited hypoxia-induced severe impairments to a great extent. Interestingly,
similar results were observed for BNIP3 overexpression, which can be largely blocked by 3-MA, a well-
defined inhibitor of autophagy. Moreover, BNIP3 knockdown further aggravated hypoxia-induced
impairments in D407 cells, which can be reversed by rapamycin.

Conclusions: Collectively, these results indicated that BNIP3 can protect human retinal pigmented
epithelial cells under hypoxic conditions by inducing autophagy.
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interacting protein 3 (BNIP3)
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Introduction

Age-related macular degeneration (AMD) is a predominant
cause of severe and irreversible loss of vision in elderly
people worldwide (1,2). Generally, AMD begins in the
retinal pigment epithelium (RPE) which serve as a pass-
through between the retina and choroid (3). The RPE
cells have a variety of important functions, all of which can
influence AMD disease (4). Degeneration of RPE cells can
result in catastrophic effects to the vision (5). Currently, it
has been recognized that age-related change in RPE cells is
one of the early hallmarks of AMD pathogenesis (4,6,7).

Previous studies have suggested that hypoxia in RPE
cells may be a central risk factor for AMD (5). The hypoxic
state enables the production of a large amount of reactive
oxygen species (ROS) by the electron transport chain
(ETC), which can severely damage the cells (8). Hypoxia
is a natural consequence of aging microenvironments
and serves as essential stimulus to numerous age-related
diseases (5), including the progression of AMD (9,10). Our
understanding of hypoxia was greatly altered by the recent
work of Bellot et a/., that revealed hypoxia (0.1-3% oxygen)
contributed to survival as opposed to death in various cell
types by evoking an adaptive mechanism of autophagy,
also known as mitochondrial autophagy (11,12). However,
in terms of RPE cells, it seems contradictory to the
observations of Mitter ez 4l., who found persistent oxidative
stress resulted in the dysregulation of autophagy, which
increased the susceptibility to AMD (13).

These seeming contradictions motivated us to follow the
steps of previous work. According to Bellot ez 4l., the Bcl-2/
adenovirus E1B 19-kDa interacting protein 3 (BNIP3) plays
an essential role in hypoxia-induced mitochondrial autophagy,
which was known to serve a protective role in a variety
of normal and cancerous cells when subjected to hypoxic
conditions (14). This process requires the hypoxia-inducible
factor 1 (HIF-1)-dependent expression of BNIP3 and the
constitutive expression of Beclin-1 and autophagy-related
5 (Atg5) (12), which together form the important signaling
cascade in the regulation of autophagy that is the HIF-1/
BNIP3/Beclin-1 pathway (15). To the best of our knowledge,
no study has yet reported on the potential role of BNIP3 in
the context of hypoxic assaults on human RPE cells.

In the present study, we treated D407 cells with
1% oxygen and found the hypoxic microenvironment
significantly activated apoptosis and inhibited autophagy
simultaneously. Moreover, hypoxia resulted in severe
impairments, including the stimulation of ROS, reduction
of mitochondrial membrane potential (MMP), and
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adenosine triphosphate (ATP) production. Notably, all of
these effects could be counteracted by the activation of
autophagy with both rapamycin and BNIP3 overexpression.
Further studies confirmed that BNIP3 can protect human
retinal pigmented epithelial cells under hypoxic conditions
by inducing BNIP3/Beclin/Atg-mediated autophagy.

We present the following article in accordance with
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-7145).

Methods
Cell culture and hypoxic treatment

The human RPE cell line (D407) was purchased from Cell
Bank, Shanghai Institutes for Biological Sciences, Chinese
Academy of Sciences (Shanghai, China). The D407 cells
were cultured in Roswell Park Memorial Institute (RPMI)
1640 medium supplemented with 10% fetal bovine serum
(FBS) and 1% Penicillin-Streptomycin solution (Thermo
Fisher Scientific, Inc., Waltham, MA, USA) in 5% CO, at
37 °C. To create hypoxic conditions, the oxygen level was
maintained at 1%.

Vector construction

The BNIP3 overexpression vector was constructed by
cloning the complementary (¢)DNAs of human BNIP3
into a pLVX-Puro vector (Clontech, Mountain View,
CA, USA) using EcoRI and BamHI restriction sites.
Short hairpin (sh)RNAs designed to target the sequence
(CCTGGGTAGAACTGCACTT) of the BNIP3 transcript
were cloned into the lentiviral sShRNA vector pLKO.1. The
forward sequence was 5'-CCGGCCTGGGTAGAACTG
CACTTCTCGAGAAGTGCAGTTCTACCCAGGTTT
TT-3', and the reverse sequence was 5'-AATTAAAAACC
TGGGTAGAACTGCACTTCTCGAGAAGTGCAGTT
CTACCCAGG-3'". All of the constructs were confirmed by
sequencing.

Gene overexpression and knockdown

Knockdown of BNIP3 was with a pLKO based lentiviral
vector and pLVX-Puro retroviral vectors were used for
overexpression of BNIP3. Lentiviruses were generated in
human embryonic kidney (HEK) 293T cells as described (16),
and then D407 cells were infected with virus-containing
supernatants. The alteration of expression of BNIP3 was
confirmed by real-time quantitative reverse transcription-
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polymerase chain reaction (QRT-PCR) and western blot
analysis.

Cell proliferation assay

Cell Counting Kit-8 (CCK-8, SAB Biotech, College Park,
MD, USA) was used to evaluate cell viability according to
the manufacturer’s instructions. The D407 cells were seeded
into 96-well plates (3x10° cells/well). At different time
points (0, 24, 48, and 72 h), the medium was changed to
100 pL cell culture medium containing CCK-8 (volume
ratio of RPMI 1640 medium to CCK-8 was 9:1) for each
well. Afterwards, cells were incubated at 37 °C for 1 h,
and then the absorbance at 450 nm was detected using a
microplate reader.

Apoptosis assay

Annexin V-FITC Apoptosis Detection Kit (Beyotime
Institute of Biotechnology, Beijing, China) was used
to evaluate cell apoptosis in accordance with the
manufacturer’s instructions. Specifically, 1x10° of D407 cells
were collected, washed, and resuspended in 195 pL. Annexin
V-FITC binding buffer. Then, the samples were contained
with Annexin V-FITC (5 pL) and propidium iodide PI
(5 pL) in the dark for 15 min. Next, apoptotic cells were
determined by flow cytometry.

Immunoﬂuorescence assay

Immunofluorescence assay was carried out as previously
reported (17). Briefly, cells on round glass coverslips
was fixed with prechilled methanol, permeabilized with
phosphate-buffered saline (PBS) containing 0.2% Triton X,
and blocked with PBS supplemented with 1% bovine serum
albumin (BSA). Next, the coverslips were incubated with
anti-LC3B antibody (Abcam, Cambridge, MA, USA) at 4 °C
overnight. After washing with PBS, coverslips were then
incubated with Alexa Fluor 488-labeled Goat Anti-Rabbit
IgG (H+L) as the secondary antibody for 1 h in darkness.
The coverslips were then washed completely and mounted
onto glass slides with 4',6-diamidino-2-phenylindole (DAPT)
containing mounting medium.

ROS assay

The generation of ROS was measured using a DCFH-DA
fluorescence probe (Beyotime Institute of Biotechnology,
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Beijing, China). After being incubated with DCFH-DA
(10 pM) for 20 min at 37 °C in a humidified atmosphere
in the dark, cells were analyzed with flow cytometry using
excitation at 480 nm and emission at 525 nm.

Measurement of MMP

MMP was measured with flow cytometry as previously
reported (18). Briefly, cells were collected and stained with
JC-1 (Beyotime Institute of Biotechnology, Beijing, China)
for 20 min at 37 °C. After washing to remove extracellular
JC-1, measurements were performed using flow cytometry.

Measurements of intracellular ATP levels

Levels of ATP were determined by colorimetric method
using the ATP assay kit (Nanjing Jiancheng Bio-
engineering Institute, Nanjing, China) according to the
manual. Briefly, cells were collected and homogenized.
After centrifugation, the supernatants were collected and
the protein concentration measured with bicinchoninic acid
(BCA) reagent (Thermo Fisher Scientific, Inc., Waltham,
MA, USA). The final ATP concentration of each sample
was normalized to protein concentration and was reported
in terms of mmol/g cellular protein.

Antibodies and immunoblotting

Western blot analysis was carried out as previously
described (19). Briefly, cells were collected and washed
with PBS, then lysed with RIPA buffer containing protease
inhibitor (Sigma-Aldrich, St. Louis, MO, USA). After
centrifugation, the supernatants were collected and
quantified with BCA reagent. Equal amounts of protein
(25 pg) were separated on sodium dodecyl sulfate (SDS)-
polyacrylamide gel, and transferred onto a polyvinylidene
difluoride (PVDF) membrane. After blocking with Tris-
buffered saline containing 0.1% Tween-20 (Sigma-
Aldrich, St. Louis, MO, USA) (TBST) and 5% skimmed
milk, membranes were probed with anti-LC3 (Abcam,
Cambridge, MA, USA), anti-Beclin-1 (Abcam, Cambridge,
MA, USA), anti-Atg5 (Abcam, Cambridge, MA, USA),
anti-Bcl2 (Santa Cruz Biotechnology Inc., Santa Cruz,
CA, USA), anti-Bax (Santa Cruz Biotechnology Inc., Santa
Cruz, CA, USA), and anti-glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) (Cell Signaling Technology,
Beverly, MA, USA) antibody in TBST containing 3%

nonfat milk. Afterwards, membranes were incubated with
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Figure 1 Hypoxia induced apoptosis and inhibited autophagy in D407 cells. (A) Cell growth was inhibited by hypoxia (1% O,) over 72 h,

and was partially recovered by the administration of rapamycin (100 nM). (B) Hypoxia increased apoptosis compared to normoxia, which

was inhibited by the addition of 100 nM rapamycin. After having been subjected to hypoxia in the presence or absence of rapamycin for 48

h, human D407 RPE cells were collected and analyzed with fluorescence-activated cell sorting (FACS). (C) The autophagy marker LC3 was

measured with fluorescence microscopy after treatment with hypoxia for 48 h. Hypoxic treatment decreased the immunofluorescence of

LC3 (green), which was reversed by rapamycin (100 nM). The nuclei were stained with 4',6-diamidino-2-phenylindole (DAPI) in blue. Scale

bar: 50 um. Asterisks indicate significant difference (***, P<0.001).

horseradish-peroxidase-conjugated secondary antibodies.

Statistical analysis

All experiments were performed in triplicate and the results
are provided as mean + SD. Data were analyzed using SPSS
version 16.0 (SPSS Inc., IBM, Chicago, IL, USA). Statistical
comparisons between means were carried out using
student’s # test (two groups) or one-way ANOVA followed
by Duncan’s-test (more than two groups). Differences with
P values <0.05 were considered statistically significant.

Results

Hypoxia induced apoptosis and inhibited autophagy in
d407 cells

To specifically address the role of hypoxia in RPE function,
we employed in vitro model of hypoxic insult with D407

© Annals of Translational Medicine. All rights reserved.

cells according to Bellot er a/.’s report. On this basis, we
evaluated the individual effects on cell growth, apoptosis,
and autophagy.

As shown in Figure 14, cell growth was significantly and
persistently attenuated under hypoxia within 72 h (P<0.001),
which followed a time-dependent manner. In terms of
apoptosis, we detected the phosphatidylserine flipping with
Annexin-V binding assay (20) after hypoxic treatment for
48 h. The flow cytometry results are shown in Figure 1B
and Figure S1. It was found that 1% oxygen was able to
induce a large amount of apoptosis in D407 cells (P<0.001)
when compared to control cells, which increased from 5%
to more than 40%. We also used immunofluorescence for
endogenous LC3 to identify autophagosomes and monitored
autophagy by fluorescence microscopy (21). As shown in
Figure 1C, a significant decrease in the immunofluorescence
signal of LC3 was observed in 1% oxygen-administrated
D407 cells, indicating the inhibition of autophagy.

To explore the potential role of autophagy in D407
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Figure 2 The expressions of apoptosis and autophagy associated proteins were investigated with western blotting. (A) The expression of Bcl2

decreased and Bax increased after hypoxic treatment for 48 h. The administration of rapamycin (100 nM) reversed these effects in D407 cells. (B)

The expressions of Beclin-1, Atg5, and the ratio of LC3-1I/LC3-I decreased in hypoxia-treated D407 cells. The administration of rapamycin (100
nM) reversed these effects in D407 cells. Asterisks indicate significant difference (***, P<0.001).

cells under hypoxic stress, we turned to the established
autophagy inducer rapamycin, which is known to stimulate
Beclin-1 dependent autophagy (7). We administrated D407
cells under 1% oxygen with 100 nM rapamycin (22,23)
and found the pharmacological intervention significantly
counteracted the hypoxic effects. Specifically, rapamycin
alleviated the apoptosis (Figure 1B) and inhibition of
cell growth that was induced by hypoxia (Figure 1A4). As
expected, the immunofluorescence signal of LC3, as the
autophagy marker, was dramatically strengthened (Figure
1C) which suggested that autophagy had been activated.

Hypoxia increased Bax/Bcl-2 ratio and decreased LC3-11/1
ratio in D407 cells

"To study the molecular basis underlying the abovementioned
results, we examined the expression of regulatory proteins
for both apoptosis (Bcl2, Bax) and autophagy (Beclin-1,

© Annals of Translational Medicine. All rights reserved.

Atg5, LC3-I/II). According to western blot analysis, it was
found that the hypoxic environment resulted in elevated
expression of pro-apoptotic Bax and reduced production
of anti-apoptotic Bel-2 (Figure 2A4). Further densitometric
analysis revealed the significant increase of Bax/Bcl-2 ratio
from 0.5 to 2.2, which is an important indicator for the
induction and processing of apoptosis (24).

We also examined the changes of autophagy-associated
markers. The elevated LC3-II/LC3-I ratio is a hallmark
of autophagy and correlates with the increased number of
autophagosomes (25). Thus, we assessed the amounts of
LC3-I (free cytosolic form) and LC3-II (autophagosomal
membrane-bound form), as well as the conversion between
them. Immunoblotting results showed that the ratio of
LC3-II/LC3-I significantly decreased from 0.8 to 0.5 after
48 h of hypoxic treatment, suggesting the inhibition of
endogenous LC3-1I turnover in D407 cells (Figure 2B).
This was consistent with the finding of autophagy

Ann Transl Med 2020;8(22):1502 | http://dx.doi.org/10.21037/atm-20-7145
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Figure 3 The mitochondrial function was impaired by hypoxia and partially recovered by the administration of 100 nM rapamycin. (A)

Mitochondrial membrane potential decreased in hypoxia-treated D407 cells. (B) The intracellular ATP concentration decreased in hypoxia-

treated D407 cells. (C) Reactive oxygen species (ROS) level increased in hypoxia-treated D407 cells. Asterisks indicate significant difference

(**, P<0.01; ***, P<0.001).

inhibition. In addition, we evaluated the difference in the
expressions of Beclin-1 [an autophagy effector (26,27)]
and Atg5 [the basic autophagic machinery (28)]. In our
results, the expressions of both proteins were significantly
reduced by hypoxia (Figure 2B). On the other hand, the
administration of rapamycin decreased the Bax/Bcl-2 ratio
but increased the ratio of LC3-1I/LC3-I and the expression
of Beclin-1 and Atg5.

Hypoxic effects on MMP, ROS and ATP production in
D407 cells

We further examined the changes in MMP, ATP, and ROS
productions. Hypoxia decreased the MMP (Figure 3A4),
reduced the production of ATP (Figure 3B), and enhanced
the generation of ROS (Figure 3C). All these changes were
statistically significant (P<0.001), which suggested the
dysfunction of mitochondria in hypoxia-treated D407 cells.
In contrast, the administration of rapamycin counteracted
these effects to a large extent (P<0.001).

Overexpression of BNIP3 counteracted the bypoxic effects
on D407 cells

As the direct regulator of Beclin-1, BNIP3 is a major
enabler of hypoxia-induced autophagy (14). Thus, we
tried to study the potential role of BNIP3 in the context

© Annals of Translational Medicine. All rights reserved.

of hypoxic assaults on D407 cells. As expected, expression
of BNIP3 decreased significantly with hypoxia treatment
(Figure 4A4). We then generated the lentiviral expression
vector for BNIP3, with which we infected D407 cells. The
increased expression level of BNIP3 was confirmed with
western blotting (Figure 4B). On this basis, we examined
the effects of BNIP3 overexpression on hypoxia-treated
D407 cells. Interestingly, very similar results were obtained
as those with the administration of rapamycin. Specifically,
BNIP3 overexpression significantly promoted cell growth
in a time-dependent manner (Figure 4C). Besides, it
simultaneously inhibited hypoxia-induced apoptosis
(Figure 4D) and activated autophagy (Figure 4E). Moreover,
BNIP3 overexpression decreased the ratio of Bax/Bel2 from
2.3 to 0.7 but increased LC3-II/LC3-I ratio from 0.5 to
0.7. It also elevated the expressions of Beclin-1 and Atg5
(Figure 4F). In contrast, 3-MA, an established inhibitor of
autophagy, was able to eliminate all these effects exerted by
BNIP3 overexpression. Together, these results implied that
BNIP3 be protective against hypoxia in human RPE cells
through the mediation of autophagy.

Effects of BNIP3 overexpression on MMP, ROS, and ATP
production in bypoxia-treated D407 cells

We assessed the effects of BNIP3 overexpression on the
function of mitochondria. As shown in Figure 5, it largely

Ann Transl Med 2020;8(22):1502 | http://dx.doi.org/10.21037/atm-20-7145
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Figure 4 Overexpression of BNIP3 in D407 cells alleviated the impairments of hypoxia. (A) Decreased expression of BNIP3 was
investigated with quantitative RT-PCR (top) and western blotting (bottom). Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was
used as an internal control. (B) Quantitative RT-PCR (top) and western blotting (bottom) results to verify the overexpression of BNIP3 in
D407 cells after infection with BNIP3 or lentivirus vector. GAPDH was used as an internal control. (C) BNIP3 overexpression promoted
the cell growth in hypoxic conditions, which was inhibited by the administration of 50 pM 3-MA. (D) Hypoxia induced apoptosis in D407
cells, which was inhibited by BNIP3 overexpression. (E) Overexpression of BNIP3 recovered the inhibited autophagy by hypoxia to some
extent. The immunofluorescence of LC3 (green) in D407 cells with or without BNIP3 overexpression was measured with fluorescence
microscopy. The nuclei were stained with 4',6-diamidino-2-phenylindole (DAPI) in blue. Scale bar: 50 pm. (F) Overexpression of BNIP3

alleviated the impairments of hypoxia. Asterisks indicate significant difference (***, P<0.001).
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recovered the MMP (Figure 5A), significantly increased
the ATP production (Figure 5B), and lowered the ROS
level (Figure 5C) in hypoxia-treated D407 cells. The
administration of 3-MA eliminated these effects of BNIP3

overexpression almost completely.

Knockdown of BNIP3 exaggerated hypoxic effects on D407
cells, which could be counteracted by rapamycin

To construct the BNIP3-knockdown D407 cell line, we
infected cells with manufactured shBNIP3 lentivirus and
non-silencing shRNA lentivirus (scrambled). Afterwards,
the expression of BNIP3 was measured by real-time gPCR
and western blot analysis, respectively. Consistently, both
mRNA and protein levels of BNIP3 were significantly
decreased after shBNIP3 lentivirus infection compared
to cells infected with scrambled shRNA lentivirus (Figure
6A). Next, the effects of BNIP3 knockdown on cell
survival were examined. As shown in our results, BNIP3
knockdown aggravated the hypoxic impairments to D407
cells, which meant stronger cell growth inhibition (Figure
6B), more severe induction of apoptosis (>60%, Figure 6C),
and inhibition of autophagy (Figure 6D). In contrast, the
administration of rapamycin, an acute inhibitor of mTOR

© Annals of Translational Medicine. All rights reserved.

complex 1 (M TORCI), was able to counteract these effects
by BNIP3-knockdown to the full extent.

Discussion

Hypoxia in RPE cells may be a central risk factor for
AMD (5). In the current study, 1% oxygen exposure
significantly attenuated cell growth and induce a large
amount of apoptosis in D407 cells, which is consistent
with the knowledge that hypoxia plays an essential role
in the impairments to RPE cells (5). Interestingly, the
above findings disagreed with Bellot e 4l’s report that 1%
oxygen treatment generally contributed to survival rather
than cell death among different types of cells (14). In our
opinion, it could be attributed to the fact that different
severity of hypoxia determines different cellular response
to the stress (29). Additionally, difference in cell types may
also account for the variance in performance under similar
circumstances.

According to previous reports, acute exposure to hypoxia
resulted in an acute increase in ROS generation by complex
IIT of the mitochondrial electron transport chain; the failure
to properly regulate mitochondrial metabolism in response
to hypoxia was associated with increased ROS levels and

Ann Transl Med 2020;8(22):1502 | http://dx.doi.org/10.21037/atm-20-7145
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cells was increased by BNIP3 knockdown. (D) LC3 immunofluorescence signals (green) were diminished by BNIP3 knockdown. The nuclei
are stained with 4',6-diamidino-2-phenylindole (DAPI) in blue. Scale bar: 50 pm. Asterisks indicate significant difference (***, P<0.001).

increased cell death. On the other hand, mitochondrial
autophagy is an adaptive metabolic response to hypoxia and
could decrease mitochondria damage under hypoxia (12).
In terms of RPE cells, Mitter et al. found that oxidative
stress, which is linked to hypoxia in AMD, can result in
dysregulation of autophagy (13). The protein LC3-II is
an important marker of autophagy (30) and autophagy
could be assessed by determining the lysosomal turnover of
microtubule-associated protein 1 light chain 3 (LC3)-1I (31).
In the current study, 1% oxygen exposure significantly
inhibited endogenous LC3-II turnover in D407 cells.
Previously, Bellot ez 4/. demonstrated that autophagy
induction contributed to survival rather than cell death of
various cell types under sub-lethal hypoxic conditions (14).
These seemingly contradictory findings suggest that
hypoxia may regulate autophagy and cell survival in a
context-dependent manner.

Moreover, the elevated Bax/Bcl-2 ratio generally
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corresponds with the onset of cell apoptosis (32). When
autophagy is activated, the 18 kDa LC3-I protein which
is localized in the cytoplasm can be converted to 16 kDa
LC3-1II which inserts into autophagosome membranes (26).
The elevated LC3-1I/LC3-I ratio is a hallmark of
autophagy and correlates with the increased number of
autophagosomes (28). The protein Atg5, as the basic
autophagic machinery, is involved in the early stages of
autophagosome formation (28). Beclin-1, as the autophagy
effector, is required for the Atg5-dependent autophagy and
responsible for autophagic vesicle nucleation in mammals
(26,27). The ablation of Beclin-1 or Atg5 would enhance
cell death under hypoxic conditions (14). Here, the
administration of autophagy inducer rapamycin decreased
the Bax/Bcl-2 ratio but increased the ratio of LC3-II/
LC3-I and the expression of Beclin-1 and Atg5. These
findings agreed with the report by Wang ez al. that showed
rapamycin administration significantly increased the protein
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expression levels of LC3-II and Beclin-1 (33). Rapamycin
was able to stimulate autophagy and protected RPE
cells from hypoxia, which implied the protective role of
autophagy against hypoxia in human RPE cells. Our results
confirmed that increased autophagy induction could protect
human RPE cells against hypoxic impairments.

Bellot e 4l. has reported that BNIP3 plays an essential
role in hypoxia-induced mitochondrial autophagy (14). The
present study showed that BNIP3 overexpression stimulate
autophagy and counteract hypoxia-induced apoptosis.
According to a previous report, 3-MA inhibits autophagy by
down-regulating the expression of LC3 and Beclin-1 (34),
which was also observed in our results. Interesting,
3-MA counteract the effects of BNIP3 overexpression.
BNIP3 knockdown was observed to aggravate the hypoxic
impairments to D407 cells. In contrast, the administration
of rapamycin, an acute inhibitor of mTOR complex 1
(mTORCIT), was able to counteract these effects by BNIP3-
knockdown to the full extent. Collectively, these data
suggested that BNIP3 protected RPE cells from hypoxia-
induced damage by inducing autophagy. However, given
the multiple downstream signaling of mTORCI, we could
not rule out the possible involvement of other downstream
signaling of mTORCI, such as translation and metabolism.
Thus, further elaboration is required before a conclusion
can be made.

Conclusions

We found hypoxia induced massive apoptosis and inhibited
autophagy simultaneously in the D407 cells. Moreover,
hypoxia impaired the mitochondrial function by lowering
membrane potential, reducing ATP production, and
increasing ROS level. Interestingly, the administration of
rapamycin was able to stimulate autophagy and counteract
the above effects of hypoxia to a large extent, which
implied the protective role of autophagy against hypoxia
in human RPE cells. More importantly, similar results
were observed for BNIP3 overexpression, which can be
largely blocked by the established inhibitor of autophagy
3-MA. Furthermore, BNIP3 knockdown was observed to
aggravate the hypoxic impairments to D407 cells, which
was greatly blocked by the administration of rapamycin.
Altogether, we can conclude that BNIP3 protects human
retinal pigmented epithelial cells under hypoxic conditions,
possibly by inducing autophagy. Hypoxia in RPE cells may
play a central role for the pathology of AMD, thus BNIP3
may be a possible target in the future development of target

© Annals of Translational Medicine. All rights reserved.
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for novel therapies against AMD. Consider the complex
environment 7z vivo, animal experiments should be carried
out to further verify the results of cell experiments in the
future.
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