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Abstract

Objective. To investigate the relationship between hypoxia inducible factor-lo. (HIF-1a) and the autophagic response
in osteoarthritic chondrocytes (OA), under inflammatory insult as represented by in vitro OA model. Methods. Human
chondrocyte cell line C28/I2 was cultured in both normoxic and hypoxic conditions and treated with interleukin-13
(IL1B) to emulate OA inflammatory insult in vitro. Cellular HIF-lo. expression was silenced using siRNA transfection
and cellular autophagic (P62/LC3Il) response and OA chondrocyte damage (COL2AI/MMPI3) related proteins were
examined using western blotting. Cellular mitophagic (BNIP3/PINK1/Parkin) and apoptotic (Caspase/Cleaved Caspase
3) were also evaluated to assess mitophagy-mediated cell death due to HIF-la silencing. Results. Chondrocyte basal
autophagy levels were higher in a HIF-1a elevated environment and was more resistant to ILIB-induced inflammatory
insult. Increase in autophagic proteins showed better chondrocyte repair, which resulted a lower level of reactive oxygen
species production, and lesser damage to chondrocyte integrity. Silencing HIF-1o activates cellular PINKI/Parkin and
BNIP3 mitophagic proteins, which leads to the activation of Caspase/Cleaved Caspase 3 apoptotic cascade. Conclusion.
Our results show that chondrocyte autophagy is dependent on HIF-1 o expression, showing the importance of HIF-1a in
hypoxic chondrocyte function in OA. Dysregulation of HIF- 1o expression results in the activation of mitophagy-mediated
apoptosis.
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Introduction for breathing difficulties resulting in death. Reports have
also shown the changes in HIF-1o expression in healthy and
osteoarthritic (OA) human chondrocytes, inferring the
involvement of HIF-1a. in OA chondrocyte degeneration.’
Growing in a hypoxic environment, articular chondro-
cytes maintain cell turnover different for other oxygen-rich
cells.®” Articular chondrocytes obtain their needed oxygen
and nutrients from the surrounding tissue. Due to the lack of
proper cellular nourishment, homeostasis of cell conditions
is carried out differently. Chondrocytes maintain proper cell

The hypoxic nature of articular chondrocytes has been estab-
lished in previous studies, with the earliest studies reporting
that the chondrocyte microenvironment is constantly
exposed to oxygen tension as low as 1% in the deepest layers
of the growth plate.> Regulation of hypoxia by cellular sen-
sors of oxygen is thus crucial for chondrocyte microenviron-
ment homeostasis. HIF-1a. (hypoxia inducible factor-1a.) is
a transcription factor in mammalian cells sensitive to
changes in oxygen levels and is elevated in hypoxic cells,
and rapidly degraded when removed from a hypoxic envi-
ronment. In a previous study by lIyer et al., the conditional 'Department of Orthopedics, Zhongshan Hospital, Shanghai, China
knockout of HIF-1a. transgenic mice was found to be lethal
to gestational mice.* Conditional breeding of mice lacking in
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survival and functioning through a constant activation of
cell autophagy, a process where cells consume itself through
a cascade of processes to maintain energy levels during
nutrient stress reflected by the expression of LC31I and P62
proteins.®!% A decrease in cellular autophagy levels results
in the disruption of cell maintenance and plays in important
role in age-related degenerative diseases such as OA.'"
Degenerative diseases like OA are characterized by a mul-
tifactorial processes which involve a constant expression
of degenerative insult and a decrease in self-repairing
processes. In OA chondrocytes, the collagen structure is
constantly deteriorated showing a low COL2A1 expression
and increased MMP13 levels due to excessive oxidative
stress. The capacity of adult chondrocytes fundamentally
decreases with age, and such results in cell death to the
abnormal responses to stressors.!!

The cycle of cellular repair in response to cell ROS
(reactive oxygen species), paired with a decreased cellular
autophagic response ends up in the activation of chondrop-
tosis, an apoptotic cascade unique to chondrocytes.'>!®
During homeostatic conditions, chondroptosis is properly
regulated with different activation times in different cells
according to their cellular states.'®!” But during pathologi-
cal conditions, dysregulated chondroptosis results in pro-
gressive damage of the articular cartilage layers, disrupting
homeostatic balance of the articular structures.'>'$!” The
process of OA chondrocyte damage is mediated by the
regulation of cellular ROS, which accumulates in the mito-
chondria. Excessive accumulation of ROS in the mitochon-
dria activates cellular mitophagy, as a mechanism of cell
preservation to prevent further cellular damage by recy-
cling damaged mitochondria. Mitophagy activation falls
under 2 main mechanisms, through PARKIN (Parkin RBR
E3 Ubiquitin Protein Ligase) dependent or independent
pathways, which were found to be involved in degenera-
tive diseases.

Proper maintenance of chondrocyte repair is crucial for
the regulation of chondrocyte self-repair. Disruption of the
repair cycle leads to activation of chondroptosis, which is a
prominent characteristic of degenerative changes in OA.
This study aims to investigate the effects of cellular oxygen
sensor HIF-1a on chondrocyte autophagy and chondrop-
tosis in relation to the progression of OA in articular
chondrocytes.

Methods
Cell Culture

C28/12 human chondrocyte cell line was cultured in
Dulbecco’s modified Eagle’s Medium (DMEM; Keygen
Biotech) containing 10% fetal bovine serum (FBS; Sigma-
Aldrich) in the incubator at 37 °C under normoxic and
hypoxic conditions (1% O,). Culture medium in normoxic

and hypoxic conditions were replaced every 3 days and
2 days, respectively.

Cell Viability Assay

C28/12 chondrocytes were seeded in 96-well plates at a
seeding density of 5 X 103 cells and serum starved using
DMEM without FBS for 24 hours after adhesion. Cells
were then treated with 5, 10, 20 ng/mL of IL1 (Peprotech)
for 48 hours in normoxic and hypoxic conditions and cell
viability after IL1B treatment was evaluated using Cell
Counting Kit-8 solution (Beyotime) for 30 minutes in 37 °C.
Cell viability was then measured using a microplate reader
at 450 nm absorbance.

Immunofluorescence

Cultured and treated cells were fixed on glass coverslips
and blocked using 10% goat serum for 60 minutes. Samples
were then probed with primary antibodies for LC3II at 4 °C
overnight. Samples were then incubated with the respective
fluorochrome-conjugated secondary antibody for 120 min-
utes in room temperature in total darkness and then cell
nuclei were labelled using 4',6-diamidino-2-phenylindole,
dihydrochloride (DAPI) for 5 minutes. Antifade reagent
was added prior to mountain glass slides and samples were
examined under a fluorescent microscope.

Detection of Cellular ROS and Mitochondrial
ROS

Chondrocyte ROS and mitochondrial ROS was measured
using 2'7'-dichlorofluorescin diacetate (DCF-DA; Beyotime)
and Mito-SOX Red dye (Beyotime). Mito-SOX cell nuclei
were also stained with Hoechst (Beyotime) after MitoSox
staining. Cells were plated in 24 well plates with 3 duplicate
wells and treated with HIF-1a siRNA and IL1B. Cells
were treated according to the manufacturer’s instructions
and washed with phosphate buffer saline (PBS) 3 times
before fluorescent signaling using a fluorescent microscope
(Olympus, Japan), and quantified using Image J.

Protein Extraction and Western Blotting

To extract protein from treated chondrocyte samples,
chondrocytes were collected and washed 3 times with PBS
after removal of culture fluid. Cells were lysed using
RIPA buffer containing 1 mM phenylmethanesulfonyl-
fluoride (PMSF). Protein lysate concentration was mea-
sured using Bradford Protein Assay Kit (Beyotime).
Protein samples were separated using sodium dodecyl sul-
fate polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred to a 0.45 uM polyvinylidene membrane.
The membrane was then probed using antibodies against
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B-actin, GAPDH, HIF-1a, HIF-20,, PKM2, LC3V/1I, P62,
MMP13, Col2A1, BNIP3, BAX, Caspase 3/Cleaved
Caspase-3, Parkin, Pink1 at 4 °C overnight. The bands were
then treated with their respective secondary antibodies at
room temperature for 90 minutes. Band detection was done
using Super Electrochemiluminescence Fluid (Yeasen)
with Image Lab 3.0 software (Bio-Rad) and band quantifi-
cation was done using Quantity One.

Real-Time Quantitative Polymerase Chain
Reaction (PCR)

Treated chondrocytes were PBS washed 3 times after
removal of culture fluid and total cell RNA was extracted
using Tri Reagent (Sigma-Aldrich). Reverse transcription
of cell RNA into cDNA was done using Hifair IIT 1st Strand
cDNA Synthesis SuperMix for qPCR (Yeasen) and quanti-
tative PCR analyses were performed using SYBR Green
qPCR master mix (Yeasen) according to the manufacturer’s
instructions, using a reaction volume of 10 pL consisting of
5 uL of 2X SYBR Master Mix, 0.4 puL of each primer, and
4.2 puL of diluted cDNA. The reaction was performed using
Quantstudio 5 Real-Time PCR (ThermoFisher). RT-qPCR
parameters used were 30 seconds at 95 °C followed by 40
cycles of 10 seconds at 95 °C, 20 seconds at 60 °C, 35 sec-
onds at 72 °C. The cycle threshold (Ct) values were col-
lected and normalized to the B-actin expression levels and
the results were assessed using the 2*2Ct method. The
primer sequences used in the study were the following:
for HIF-1a, Forward 5'-GAACGTCGAAAAGAAAAGTC
TCG-3', Reverse 5'-CCTTATCAAGATGCGAACTCA
CA-3'; for INOS, Forward 5'-GGAACCTACCAACTGA
CGGG-3',Reverse 5'-GTCGATGCACAGCTGAGTGA-3'".

siRNA Transfection

Effective siRNA for HIF-1a and the negative control were
designed and purchased from Ribobio (China). Cells were
cultured until reaching 40% to 50% confluency, then serum
starved for 24 hours. Cells were then transfected using
RiboFect Transfection Kit (Ribobio) according to the man-
ufacturer’s instructions. After successful transfection cells
were further treated with IL1[3.

Live/Dead Assay

Live and dead chondrocytes were measured using Calcein/
PI kit (Beyotime) after treatment of HIF-1a siRNA and
IL1B in both culture conditions. Cells were plated in 24-well
plates with 3 duplicate wells and treated with Calcein/PI
solution mix. Ten microliters of Calcein dye (Green) and 10
pL of PI (Red) was mixed in 10 mL PBS. Cells were dyed
with the solution mix prepared in 37 °C. After 30 minutes of
treatment, cells were washed with PBS 3 times. Detection

of live (Ex’Em = 494/517 nm) and dead (Ex/Em = 535/617
nm) was done using a fluorescent microscope.

Statistical Analysis

All data are expressed as the mean * standard deviation
(SD) of measurements repeated 3 times. Raw statistical
analyses were processed using GraphPad Prism 8 (USA).
Statistical difference was assessed using unpaired ¢-test
when results are shown between 2 groups and one-way
ANOVA among multiple groups. A P value of <0.05
was considered statistically significant and represented
with a “*”,

Results

ILIB-Induced C28/I12 Human Chondrocyte
Induces the OA Characteristics In Vitro

To select a suitable concentration of IL1f interference in
normoxia and hypoxia, C28/12 cells were treated with IL1[3
for 48 hours using different concentrations (5, 10, 20 ng/mL)
and cell viability was measured (Fig. 1A). CCK-8 results
showed a significant decrease in cell viability with 5 ng/mL
IL1B, but cell viability results were only significantly dif-
ferent upon 10 ng/mL treatment in 2 different culture condi-
tions (Fig. 1B). ROS production was significantly increased
with IL1p treatment, and cellular ROS production was
significantly lower in cells cultured in hypoxia compared
to cells cultured in normoxia even with IL1J insult
(Fig. 1C and D). Cellular ROS production was further
proven by qPCR results of iNOS showing a lower level of
expression in hypoxic cells, even with IL1J inflammatory
stress (Fig. 1E). A total of 10 ng/mL IL1 was selected as
the dosage for cellular treatment for the next part of the
study.

To measure cellular responses to inflammatory IL1[3
treatment, we determined protein levels from cells lysates
(Fig. 2A and B). Western blotting of cells cultured in
hypoxia showed a higher expression of HIF-1a levels, and
was further increased with IL1f treatment, suggesting the
role of HIF-1a in cellular inflammatory response to cellular
ROS levels. Increase in inflammatory insult also causes an
increase in HIF-2aw expression, which was significantly
lower in a hypoxic environment rich in HIF-1a. A signifi-
cant increase in LC3II and decrease in P62 expression was
seen with IL1f treatment indicates the activation of autoph-
agy with inflammatory stress. Following inflammatory
insult, the glycolytic rate-limiting enzyme PKM?2 was also
increased, showing an increase of dependence of glucose
metabolism in the cell. To measure chondrocyte cellular
damage, cell lysates were linked with COL2A1 and MMP13
using western blotting. OA chondrocyte degeneration
markers COL2A1 and MMP13 was found to be decreased



Lu et al. 1033S

A Cells in Normoxia Cells in Hypoxia B CCKs
150 150~ 150+
2 2 £
= = 2 1004
g 100+ N g 100 , g
= ** *k o i ** o s
[ o 2 -
2 2= T 504 -
w 50+ © 504 ° w
T ° 14 2
(4 14 -
o
0- T T 0- - L
A N Y Q 3 D NS D 0
€ & & ¢ & & &
IL1B concentration IL1B concentration IL1B concentration
C D ROS production
=z *
Ctrl IL1B S 2.0 mm CONTROL
n s
@ « B I1L1p
© 1.54
o
>
w
@ 1.0-
Nx A
g 054
-
5 I
W 0.0 : .
NORMOX HYPOX
E gqPCR of iNOS
5 2.0
)
Hx ‘: *
§ 1.5-
[}
3
5 1.0+ *
>
w *
2 0.5-
=
[ ]
& 0.0-

C IL13  HxHx+IL1p

Figure |. Measurement of inflammatory insult on C28/12 chondrocytes for cultures in (A) normoxia and hypoxia, with 5, 10,

20 ng/mL ILIB for 48 hours. Cell viability was measured using cell counting kit-8 and a cell viability was compared between 2 culture
conditions (B). (C) Cellular oxidative stress following ILI insult was measured using ROS detection kit, and comparatively quantified
(D) in both culture conditions following ILI treatment. (E) qPCR analysis of iNOS expression verified the increase in cellular ROS
production in both culture conditions following ILIf insult. Average values were calculated from 3 individual experiments.

and increased, respectively, with IL1f treatment, showing a cellular changes with 10 ng/mL IL1p treatment of C28/12
degree of impaired chondrocyte structural protein due to an cells in vitro.
increase in cellular oxidative stress (Fig. 2D). Mitophagy

and cell apoptotic proteins BNIP3/BAX and Caspase/ Chondroprotective Effect of Autophagy Is
Cleaved Caspase 3 proteins were not significantly changed Increased in HIF-1o. Elevated Environment
with IL1B inflammatory stress, signifying no significant

cellular damage leading to the activation of the mitophagy- Cells cultured in hypoxia had lower levels of cellular ROS
induced apoptotic cascade. These finding show typical OA  production and lower level of iNOS expression compared to
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Figure 2. Detection of cellular response to ILIf insult in normoxic and hypoxic conditions. (A) Western blotting of HIF-1o and
HIF-20 expression, autophagic markers P62/LC3lI, glycolytic enzyme PKM2 and OA chondrocyte degeneration markers COL2AI/
MMP13. (B) gPCR of HIF-1a verified the increase of cellular expression in hypoxic conditions and ILIf insult. (C) Immunofluorescence
verified the increase autophagic levels when cells were cultured in hypoxia when compared to cells cultured in normoxia. (D) Western
blotting of cell mitophagic markers BNIP3/BAX and autophagic markers Caspase 3/Cleaved Caspase 3. Average values were calculated

from 3 individual experiments.
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normoxic cells even with IL1JB treatment (Fig. 2A and
B). In cells cultured in hypoxia, we examined a higher level
of LC3II and lower P62 expression when compared to nor-
moxic cells, indicating a higher level of autophagy expressed
in hypoxic cells. IL1f treatment further caused an increase
in autophagy levels, and was significantly higher compared
to cells in normoxia, even with IL1B treatment.
Immunofluorescence of LC3II in both normoxic and
hypoxic conditions with IL1p also solidified the findings of
increased autophagy in hypoxic conditions (Fig. 2A). Cells
cultured in a hypoxic environment showed a significantly
lower expression of PKM?2, indicating a glycolytic shift
when cells are exposed to inflammatory insult. Chondrocyte
degenerative markers COL2A1 and MMP13 was signifi-
cantly higher and lower in hypoxic cells compared to cells in
normoxia, showing a better degree of chondrocyte repair
under inflammatory stress (Fig. 2D). Mitophagy proteins
BNIP3/BAX and cell apoptotic proteins Caspase 3/Cleaved
Caspase 3 did not have any significant change in both nor-
moxic and hypoxic chondrocytes. From the above results,
we show that the increase of HIF-1a expression in hypoxic
chondrocytes is linked to a higher level of basal autophagy,
which is beneficial for chondrocyte regulation, ameliorating
IL1pB induced chondrocyte inflammatory changes.

HIF-1c. Is a Necessity for the Activation of
Chondrocyte Autophagy under Inflammatory
Stress

To determine the dependency of chondrocyte autophagy to
cellular HIF-1a cellular expression, we used siRNA to
knockdown cellular HIF-1a expression. Efficacy of the
siRNA kit was determined using cell lysates and gPCR of
HIF-1a expression levels (Fig. 3A). Silencing cellular HIF-
la expression also resulted in the subsequent increase in
HIF-2a expression. siHIF-1a cells were treated with IL1[3
to induce inflammatory stress and cell responses were
detected. Cellular ROS production was significantly
increased with HIF-l1a knockdown regardless of ILIf3
treatment, increasing ROS expression more than 2-fold
(Fig. 3B). Increase of cellular ROS was also proven by
gPCR of iNOS expression, showing a similar trend with
HIF-1a knockdown. Determination of cell autophagy was
done using WB of cell lysates following HIF-1a knock-
down with and without IL1{ inflammatory stress (Fig. 3C).
We found that LC3II levels were significantly decreased
following knockdown of HIF-la, and was not further
reduced with IL 1 treatment. P62 expression was decreased
when compared to non-siRNA treated cells, but was rela-
tively higher compared to cells with only IL1p treatment,
indicating a loss of relation to LC3II function. Loss of P62
regulation was characteristic of dysregulation of autoph-
agy, which was a response to HIF-1a knockdown. Thus,
cells lost their autophagic function without proper HIF-1a
expression.

Inhibition of HIF-1a. Induces the Activation of
Mitophagy and Cell Death under Inflammatory
Stress

To detect the activation of mitophagy with IL1f treatment
and HIF-1a knockdown, we measured mitochondrial oxi-
dation using MitoSox (Red; Fig. 4). There was a significant
increase in fluorescence with HIF-1a knockdown in both
normoxic and hypoxic conditions. HIF-1a silenced cells in
normoxia showed a significant increase in mitochondrial
oxidation when treated with IL1f. Cells in hypoxia, how-
ever, showed a significant increase in mitochondrial oxida-
tion even without an inflammatory insult, as cells are unable
to properly regulate oxygen levels (Fig. 3C). WB results
showed a significant increase of OA chondrocyte degenera-
tion markers, a significant drop in COL2A1 and elevated
MMP13 after silencing HIF-1oa expression, showing poor
chondrocyte repair. Silencing cellular HIF-1a expression
also resulted in a significant increase in glycolytic depen-
dence, showed by a further increase in cellular PKM?2
expression (Fig. 3D). Mitochondrial oxidative damage
BNIP3 was increased and mitochondrial autophagy regula-
tor BAX was increased with HIF-1a knockdown. Cellular
apoptotic protein Caspase and Cleaved Caspase 3 showed
typical changes of apoptosis activation. Increase of BNIP3/
BAX and apoptotic Caspase and Cleaved Caspase 3 showed
the induction of cell apoptosis through excessive mitochon-
drial damage leading to activation of mitophagy. To detect
the mitophagic pathway activated with HIF-1a knockdown,
we tested cell lysates for PINK1/Parkin expression. Parkin
dependent mitophagy PINKI1/Parkin expression was sig-
nificantly increased after silencing HIF-lo expression,
which was further aggravated with IL1[3 treatment.

Cell death was measured using Live/Dead assay, con-
firming the increase of the rate of dead chondrocytes fol-
lowing HIF-1o knockdown shown by Live (Green) and
Dead (Red) cells (Fig. 5). In both normoxic and hypoxic
conditions, treatment of IL1f3 did not further induce cell
death. But after silencing cellular HIF-1a expression, there
was a significant increase in the number of dead cells. Cells
in normoxia did not undergo cell death with only HIF-1a
knockdown, but further IL1f treatment resulted in a sig-
nificant increase in dead cells. Chondrocytes grown in
hypoxia, however, showed a massive increase in the num-
ber of dead cells with only the inhibition of HIF-1o expres-
sion. The dependency of HIF-la in hypoxic conditions
explains the significant difference in both culture condi-
tions (Fig. 6).

Discussion

Recent study findings have redefined OA as a multifactor
inflammatory disease instead of a purely mechanical degen-
erative disorder.? It was thought that the constant abrasion
caused by a defective chondrocyte layer leads to the increase
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Figure 3. Silencing HIF-10a inhibits cellular autophagic functions. C28/I12 chondrocyte cells were transfected with siRNA, and the
subsequent (A) HIF-la expression was evaluated using Western Blotting and qPCR of the treated cells. (B) The resulting cell ROS
production due to silencing HIF-1a. and ILIf insult was measured and quantified. (C) HIF-20. expression, glycolytic rate-limiting
enzyme PKM2 expression, cell autophagic markers P62/LC3Il and OA chondrocyte degeneration markers COL2A[/MMPI3 were
evaluated using Western blotting after silencing HIF- 1o expression, and ILIf insult. (D) Mitophagic markers BNIP3/BAX and PINK/
Parkin and apoptotic markers Caspase 3/Cleaved Caspase 3 were evaluated using Western Blotting in cells after HIF-1a silencing and
ILIB insult. Average values were calculated from 3 individual experiments.

in load-bearing in one pressure point instead of being evenly
distributed on the articular interface.?! Cartilaginous tissue
being an avascular tissue having low metabolic activity was
thought to be unable of self-repair and was unable to
respond to cellular stressors due to its avascular nature.
Chondrocytes are the component of adult cartilage, and was
thought to only be progressively degraded without any abil-
ity of self-repair. The first discovery of inflammatory medi-
ators leading to the production of matric metalloproteinases
(MMPs) in chondrocytes have led to the new understanding
of OA pathology. Contrary to past studies chondrocytes do
possess self-renewing abilities. But different from cells
growing in an oxygen-rich environment, chondrocyte cells
mainly depend on autophagy instead of cell turnover to
maintain a healthy cartilage lining.!” During the pathogen-
esis of OA, the functional capabilities of the different
structures in the articular joint contributes to the disruption

of the hypoxic microenvironment and the overall degener-
ation of articular chondrocytes.?? In the recent more stud-
ied aspect of OA, the disruption of the protective and
disruptive aspects of OA results in a progressive progres-
sion of degenerative changes. In this study we aimed to
establish the necessity of chondrocyte autophagy and the
cellular hypoxic mediator HIF-1a in response to inflam-
matory insult.

HIF-1a is a hypoxic mediator widely expressed in
hypoxic tissue, and was found to play a role in chondrocyte
differentiation and metabolism. The regulation of HIF-1a. is
a complex mechanism involving the HIF-1o subunits on
the molecular membrane and the oxygen-dependent prolyl-
hydroxylases (PHDs) which are target-specific on HIF-1a.
HIF-1a is richly expressed in a hypoxic environment, and is
quickly degraded when exposed to an increase in oxygen
levels. In an oxygen-rich environment, PHDs interact with
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the 2 proline molecules within the molecular degradation
domain and leads to the degradation of HIF-1a. In a hypoxic
environment, the activation of PHDs is inhibited which
leads to the accumulation and translocation of HIF-la
into the nucleus and activates specific genes.?3"?® During
the progression of OA, disruption of the hypoxic environ-
ment leads to a change in HIF-1a expression and thus func-
tion. In contrast, HIF-2a is readily expressed in normoxic
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Figure 5. Assessment of dead cells following HIF-1a silencing
and ILIf insult. HIF-1a silenced cells were cultured in both
normoxic and hypoxic conditions and ILI insult was added for
48 hours. Live cells were stained with Calcein (Green) and dead
cells were stained with Pl (Red).

conditions and significantly increased following cellular
inflammatory insult.

Under mitochondrial oxidative stress conditions due to
improper cellular regulations, the cells activate mitophagy
as a component of cell repair process. When cellular ROS
levels exceed the cell capacity of ROS detoxification, the
oxygen radicals cause damage to mitochondrial DNA integ-
rity and repair capacity, leading to irreversible cell dam-
age. Under stressful conditions such as the increase of
MMPs, oxidative stress, and iron starvation, mitophagy is
activated to maintain cell homeostasis. Mitophagy is the
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Figure 6. A diagram representation of the chondrocyte changes in both a normoxic and hypoxic culture environment. Changes in
HIF- 1o expression levels leads to changes in chondrocyte cellular function and autophagic response to inflammatory insult. Silencing

chondrocyte HIF-1a impairs cellular autophagic function which activates cellular mitophagy pathway, leading to chondrocyte cell

death.

selective engulfment of damaged mitochondria in response
to a change in mitochondrial membrane potential.?”-*® Out
of the 2 mitophagic pathways, the PINK1/Parkin pathways
involve PINK1 targeting damaged mitochondria and facili-
tates the clustering of depolarized mitochondria. Parkin fol-
lows mitochondrial accumulation of PINK1 and promotes
mitochondrial engulfment by autophagosomes, indicating
mitophagy. The non-Parkin-dependent pathway involves
the direct interaction of LC3 and the mitochondrial recep-
tors that activate mitophagy without ubiquitination through
the activation of BNIP3.2%° The involvement of cell
mitophagy have been recently found to be involved in the
pathogenesis of chondrocyte degeneration and possesses
therapeutic value in the targeted treatment of OA.2%3!
Current in vitro studies have carried out cellular experi-
ments away from their natural environment, and treated
hypoxia as a cellular insult.’>* In our study, C28/12 human
chondrocyte cell line showed a significantly higher basal
autophagic level when cells were cultured in a hypoxia. The
increase in autophagic levels protected cells from IL1p insult,
resulting in a significantly lower levels of cellular oxidative
stress. With a different level of self-repair, chondrocytes
would react differently to cellular insult in normoxic and
hypoxic conditions. Cellular LC3II was significantly
increased in hypoxic cells, coupled with a decrease in P62
expression showing an overall increase in cell autophagy

even without an inflammatory insult. With a higher level of
autophagy, cells were able to maintain a higher level of
COL2AI, representing the higher and stronger collagen
structure in articular joints. Lower levels of oxidative stress
are reflected by a lower expression of MMP13, and without
the activation of HIF-1a targets mitochondrial-oxidative pro-
teins BNIP3 and BAX. With a higher basal level of cell
autophagy, studies utilizing human chondrocytes should con-
sider the interference of HIF-1a expression on cellular pro-
cesses. We hypothesized that HIF-1a plays a role in the
management of autophagic processes in chondrocyte cells.
Silencing of HIF-1a function significantly impairs cel-
lular autophagic function. Cellular LC3II levels were
decreased regardless of IL1f treatment and resulted in the
accumulation of MMP13, and mitochondria damage. The
increase in mitochondrial oxidation signifies cellular dam-
age, resulting in the activation of mitophagy-induced cel-
lular apoptosis as shown by the increase in Caspase 3 into
its cleaved form. We also found that the activation of
PINK 1/Parkin and BNIP3/BAX mitophagy proteins to be
significantly increased with HIF-1a silenced cells, indicat-
ing the activation of the mitophagic pathways leading to
cellular damage. Changes in HIF-1a expression was also
reflected by a significant change in PKM2 levels, a rate-
limiting glycolytic enzyme. This leads to a glycolytic shift
following inflammatory insult, from a predominantly
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glycolytic process to oxidative phosphorylation, resulting
in a less efficient cellular energy generation. Due to role of
HIF-1a in cellular oxygen regulation in hypoxic conditions,
interference with HIF-1a expression in hypoxic conditions
can prove to be fatal. This was also shown by the results of
the Live/Dead cell showing massive cell death after silenc-
ing cellular HIF-1o.. But with the similar trend of increased
autophagy in HIF-1a elevated hypoxic environment, it is
involved in the cellular autophagic cascade. The inhibition
of HIF-la is thus detrimental to cell survivability in
response to inflammatory stress, and is crucial for the acti-
vation of cell autophagy.

From the results of our study, we conclude that a hypoxic
microenvironment for cellular models of OA chondrocytes
benefit autophagic responses to inflammatory insult. The
increase in autophagic responses relied mainly on the
expression of cellular HIF-1a, which was found to be a cru-
cial factor in autophagic activation. The dysregulation of
HIF-1a results in the activation of mitophagy-mediated cell
death, which plays a major role in OA chondroptosis. In
vivo model utilizing targeted HIF-1o modulation would be
needed to accurately establish the degree of HIF-1a benefi-
cial to cellular autophagic levels.
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