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Abstract. – OBJECTIVE: HIF-1α and Runx2
expression usually increase in chondrocytes
(CHs) during osteoarthritis (OA), which involves
the changes in glycolytic metabolism. However,
the molecular regulation of HIF-1α related to the
CHs glycolytic metabolism is still unclear. In this
study, we aimed to reveal the mediation of HIF1α by Runx2 and its effect on the glycolytic metabolism of degenerative CHs.
PATIENTS AND METHODS: The expression
of HIF-1α, Runx2, and the degenerative markers
of CHs in both natural conditions from the OA
patients and IL-1β treated in vitro model was
analyzed by a Western blot or real-time polymerase chain reaction (RT-PCR). The glycolytic
metabolism was determined by the intracellular glucose uptake and adenosine triphosphate
(ATP) generation. Transfection of siRNA coding
HIF-1α or Runx2 was used to clear the function
between HIF-1α and Runx2 in the glycolytic
metabolism of degenerated CHs caused by IL1β. Chromatin immunoprecipitation (ChIP) and
Luciferase reporter gene assay were used to
verify the Runx2 protein binds to the promoter
of HIF-1α and promote its expression.
RESULTS: HIF-1α and Runx2 were increased,
and glucose uptake and ATP generation were
decreased in the degenerative CHs from both
OA and IL-1β conditions. Under the stimulation
of IL-1β, Runx2 silencing rejected the upregulation of HIF-1α and further aggravated the glycolytic metabolism. When HIF-1α was silenced,
the glycolytic metabolism of CHs was also suppressed. Besides, Runx2 protein could regulate
HIF-1α expression in the transcriptional level by
binding to its promoter.
CONCLUSIONS: OHIF-1α plays a role in the
self-repair of the glycolytic metabolism of degenerative CHs via the transcriptional regulation of Runx2.
Key Words:
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Introduction
Osteoarthritis (OA) is a complex arthropathy
in which articular cartilage progressively degenerates into the core and is accompanied by
synovium, subchondral bone, ligaments, meniscus, adipose tissue, and the entire joint structure
changes1. Most mammalian cells have undergone
a transition of energy metabolism, that is, from a
state of static regulation to a state of active metabolism to maintain a balanced state of energy
and promote cell survival2,3. This metabolic transition also occurs in OA articular cartilage, which
affects the metabolic behavior of chondrocytes
(CHs)4.
Articular cartilage is a particular type of connective tissue without blood vessels and a small
number of cells. Compared with synovial fluid and
plasma, there are far fewer energy substances such
as oxygen and glucose available in cartilage5. The
conversion rate of the outer matrix molecules is
relatively low. Therefore, maintaining the delicate
balance between cartilage anabolism and catabolism is essential for the long-term integrity and
self-repair ability of cartilage tissue6. Glucose is a
necessary metabolic raw material and structural
precursor of cartilage. It is the primary precursor
of CHs to synthesize glycosaminoglycans and is
very important for the synthesis and degradation of
extracellular matrix (ECM). Facilitation of glucose
transport is the first step in CH glucose metabolism, which is regulated by hypoxia and proinflammatory cytokines7,8. After glucose is transported
to CHs, part of it is used to synthesize glycoproteins, partly catabolizes through glycolysis and
tricarboxylic acid circulation pathways providing
energy for cells, and limited energy is stored in
the form of adenosine triphosphate (ATP)9. During
the pathophysiology of OA, proinflammatory and
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pro-catabolic factors increase significantly, catabolism accelerates, and the dynamic balance of
cell metabolism is disrupted. Impaired glucose
metabolism results in decreased ATP synthesis10.
Meanwhile, cellular glycolysis level is increased,
and anabolic metabolism is accelerated through
proliferation and protein synthesis to maintain the
dynamic balance of anabolic and catabolic metabolism and meet the energy requirements of CHs11.
The Hypoxia-inducible factor 1-α (HIF-1α)
gene is the primary regulator for cells to adapt
to hypoxic stimulation. It plays a vital role in
maintaining CH activity and integrity, regulating cartilage formation, energy metabolism, and
matrix synthesis12. Yudoh et al13 found that under
normoxic and hypoxic conditions, OA CHs lacking HIF-1α cannot maintain energy production
and ECM growth, and in vitro decomposition
stress induces accelerated apoptosis. Therefore,
the expression of HIF-1α is closely related to the
process of degeneration of cartilage. Cartilage in
both regular and OA condition expresses the HIF1α and its target gene. HIF-1α plays an essential
role in maintaining the viability of articular cartilage of OA. The number of HIF-1α positive CHs
increases as the severity of OA increases. As a
result, CHs may rely on the adaptive function of
the HIF-1α gene to maintain ATP levels and ECM
production during OA.
Runt-related transcription factor 2 (Runx2), a
key transcription factor related to CHs hypertrophy, has already known to be activated in OA14.
In this study, we show that Runx2 activation in
degenerative CHs transcriptional regulates HIF1α expression by binding to its promoter, which
critically controls glucose uptake and ATP generation under pathological conditions. Runx2 deficiency suppresses HIF-1α activation and results
in the aggravation of CHs degeneration.

Patients and Methods
Normal and OA Cartilage Source
This study was approved by the Ethics Committee of Shandong University of Traditional
Chinese Medicine. Signed written informed consent was obtained from all participants before the
course. We collected the knee joint tissue from a
total of ten patients (half of which underwent distal femoral amputation caused by osteosarcoma;
half underwent total knee replacement caused by
OA) in the orthopedics apartment of our hospital.
The tissue from femoral amputation was valued

without OA history and had no visible degeneration via the imaging diagnosis. All patients
signed an informed consent form and voluntarily
donated joint tissue for scientific research. All the
samples were conserved in growth medium immediately after cutting from patients and brought
to the laboratory for the following CHs isolation.
CHs Isolation and Cell Culture
The cartilage of the surface layer was separated from the joint and cut into fragments. Then, the
sample was digested with a mixture of trypsin and
type I collagenase (R&D Systems, Minneapolis,
MN, USA) overnight. After centrifuge, cell pellets
were re-suspended in Dulbecco’s Modified Eagle’s
Medium (DMEM) (Gibco, Rockville, MD, USA)
supplemented with 10% fetal bovine serum (FBS)
(Gibco, Rockville, MD, USA) and incubated at 37°C
under 5% CO2. After the cell density reached 70 %,
we split the cells and applied them to the following
experiments. To induce the CHs degeneration, we
cultured the cells with 10 ng/mL IL-1β (Boehringer,
Mannheim, Germany) up to three days. Besides, we
also transfected the CHs with Small interfering RNA
(siRNA) to silence the Runx2 or HIF-1α expression.
Western Blot (WB)
We determined the cellular type II collagen
(Col-II), type X collagen (Col-X), Runx2, and
HIF-1α protein expression via WB analysis. The
total protein of CHs was isolated with the radioimmunoprecipitation assay (RIPA) lysis buffer (Beyotime, Shanghai, China). After sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDSPAGE), the protein was transferred onto polyvinylidene difluoride (PVDF) membrane (Millipore, Billerica, MA, USA). Membranes were
incubated with desired primary antibodies as follows: anti-Coll-II (ab34712, Abcam, Cambridge,
UK), anti-Col-X (ab58632, Abcam, Cambridge,
UK), anti-Runx2 (ab76956, Abcam, Cambridge,
UK), anti-HIF-1α (ab16066, Abcam, Cambridge,
UK), anti-β-actin (ab179467, Abcam, Cambridge,
UK). After secondary antibody reactions, the protein was detected using the enhanced chemiluminescence (ECL) substrate (Beyotime, Shanghai,
China). Band intensities were measured using
ImageJ software (NIH, Bethesda, MD, USA).
Glucose Uptake Analysis
CHs were seeded in a 96-well plate at a density
of 104 per well. After treatment, cells were washed
with phosphate-buffered saline (PBS) and changed
to serum-free DMEM overnight. Glucose uptake
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Table I. Predicted binding sites of Runx2 to HIF-1α promoter.
Predicted sequence

Start

End

Score

accaccaat
98
106
9.41
				
aacgtcaaa
516
524
6.64
				
ggcgccaaa
1585
1593
9.26
				

of CHs was measured using the Glucose Uptake
Assay Kit (ab136955, Abcam, Cambridge, UK) according to the manufacturer’s protocol.
Cellular ATP Detection
After treatments, CHs were harvested and
boiled for the cell lysates, and 50 ml of samples/
standards were transferred to a white plate. Then,
the ATP bioluminescence assay kit (ab113849,
Abcam, Cambridge, UK) was added according to
the manufacturer’s protocol and measured with a
luminometer (GloMax Explorer System).
Real-Time Polymerase Chain Reaction
(RT-PCR)
We determined the cellular type I collagen
(Col-I) and MMP13 mRNA expression via RTPCR analysis. RNA of CHs was extracted using
TRIzol reagent (Nippon Gene, Tokyo, Japan)
according to the manufacturer’s protocol. After reverse-transcription into cDNA, RT-PCR
was performed with SYBR Green Master Mix
(Invitrogen, Carlsbad, CA, USA). Gene expression was achieved by normalization to GAPDH and calculated using the 2-∆∆Ct method. The
primer sequences used for MMP13 is Forward:
5’-ACTGAGAGGCTCCGAGAAATG-3’,
Reverse:
5’-GAACCCCGCATCTTGGCTT-3’;
Col-I is Forward: 5’-GAGGGCCAAGACGAAGACATC-3’, Reverse: 5’-CAGATCACGTCATCGCACAAC-3’; GAPDH is Forward:
5’-ACAACTTTGGTATCGTGGAAGG-3’, Reverse: 5’-GCCATCACGCCACAGTTTC-3’.
siRNA Transfection
We silenced the Runx2 and HIF-1α gene expression via siRNA transfection. Briefly, after
seeding culture plate, Opti-MEM (Sigma-Aldrich, St. Louis, MO, USA) and siRNA targeting
Runx2 or HIF-1α (Assay ID:115507 or 106498,
Thermo Fisher Scientific, Waltham, MA, USA)
were added to the Lipo2000 reagent (Invitrogen,
Carlsbad, CA, USA). CHs were transfected with
the mixture for 24 h and changed the medium.
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PCR primer sequences for ChIP
Sense: 5’-ATCTCCGTCCCTCAACCTCT-3’;
Anti-sense: 3’-TTCATTGTCTACCCGACTCC-5’
Sense: 5’-ATCTGCCTTAGGTTTACAAT-3’;
Anti-sense: 3’-ACTTCTTCCTGGTCCTCTTC-5’
Sense: 5’-CCGCCCCAGGGCCGAGTTTT-3’;
Anti-sense: 3’-CCTACCCCGGTGTCTCGTCC-5’

Chromatin Immunoprecipitation (ChIP)
Assay
We selected the 2000-bp upstream promoter
region of the HIF-α from the National Center for
Biotechnology Information database. We used the
JASPAR core database to predict the DNA-binding sites for the Runx2 transcription factor in
the HIF-1α promoter. We found seven putative
binding sites relative to the transcription start
site and chose three of the highest score (Table
I) for the following verification using ChIP assay
(CST, Danvers, MA, USA). ChIP primers targeting these sites were designed by Primer Premier.
The Runx2 (ab236639) antibody was purchased
from Abcam (Cambridge, UK). The binding sits
of Runx2 to HIF-1α was amplificated by PCR and
imaged by agarose gels electrophoresis.
Plasmid Constructs and Luciferase
Reporter Gene Assay
WT and mutant HIF-1α DNA promoter sites
were synthesized by Generay (Shanghai, China). WT and mutant DNA were cloned into the
pGL4.20-basic Luciferase vector to obtain the
pGL-WT and pGL-mut plasmids. CHs were transfected with plasmid using Lipofectamine 3000
(Thermo Fisher Scientific, Waltham, MA, USA)
according to the manufacturer’s protocol. After
the transfection of empty vector, Runx2-vector,
empty pGL, pGL-plasmid, and pRL (Renilla
plasmid), CHs were incubated for 24 h. The cells
were lysed, and Luciferase assays were measured
and standardized to Renilla Luciferase activity
using the Dual-Glo Luciferase Assay System.
Statistical Analysis
Data were analyzed by GraphPad Prism 8 (La
Jolla, CA, USA) and expressed as mean ± standard deviation (SD). Differences between the two
groups were analyzed using the Student’s t-test.
A comparison between multiple groups was done
using one-way ANOVA test followed by Post-Hoc
Test (Least Significant Difference). p-value <0.05
shows statistical significance.
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Results
Glucose Uptake and ATP Production
Decrease in OA CHs
To verify the differential expression of Runx2
and HIF-1α in the CHs of ordinary and OA conditions, we collected the normal and OA cartilage and
isolated the CHs. As shown in Figure 1A, OA CHs
turned as a hypertrophy-like phenotype, but the normal CHs were rounded and much smaller than the
OA condition. As expected, the Col-II protein ex-

pression was decreased in the OA CHs, and Col-X,
Runx2, and HIF-1α expression were increased compared to the normal (Figure 1B). Besides, the Col-I
and MMP13 mRNA expression were also higher in
the OA CHs compared to the normal (Figure 1C).
To understand the glucose metabolism difference
between normal and OA CHs, we tested the glucose
uptake and ATP content of both groups. The results
indicated that CHs of OA condition took in less glucose and generated less ATP compared to the normal CHs (Figure 1D and E).

Figure 1. Glucose uptake and ATP production decrease in CHs of OA condition. CHs were isolated from the normal and
OA cartilage and seeded to test the glycolytic metabolism. A, Images of normal or OA CHs before analysis (magnifications:
200X). B, WB analysis for the protein expression of Col-II, Col-X, Runx2, and HIF-1α, and its quantification measured by
Image J software. C, RT-PCR analysis for Col-I and MMP13 by normalization to GAPDH expression. D, Accumulation of
2-deoxy-D-glucose-6-phosphate (2DG6P) in the CHs. E, Relative light units (rlu) of luminescence for ATP bioluminescence
assay. Results are expressed as mean ± SD. (*p<0.05, ***p<0.001).
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Glucose Uptake and ATP
roduction Decrease in IL-1β-Treated
CHs In Vitro
We used the IL-1β protein in the culture
medium to induce the CHs degeneration in vitro and tested the glycolytic metabolism on day
1 and day 3 after stimulation. CHs cultured
without IL-1β in day 0 were the control group.
Compared to the control, the protein expression
of the chondrogenic gene Col-II was gradually
decreased from day 1 to day 3, and the Col-X,
Runx-2, and HIF-1α were steadily increased
(Figure 2A). Additionally, the Col-I and MMP13
mRNA expression were also increased from day
1 to day 3 (Figure 2B). Therefore, the IL-1β induced the CHs degeneration and the overexpression of Runx2 and HIF-1α. Like the natural CHs
degeneration, we artificially degenerated the
CHs in vitro and found the glucose uptake and
ATP generation were significantly decreased
from day 1 to day 3 compared to the control
(Figure 2C and D).

Silencing of Runx2 or HIF-1α Aggravates
the Decrease of Glucose Uptake and ATP
Production in Degenerative CHs
As Catheline et al15 observed, Runx2 overexpression promotes the hypertrophic progress and
the ECM degradation in the OA cartilage, and
the upregulated HIF-1α participates in the self-repairment. However, the interaction of Runx2 and
HIF-1α in the CH degeneration and glycolytic
metabolism is not fully understood. Therefore,
we silenced the Runx2 and HIF-1α gene by siRNA transfection and cultured with IL-1β for three
days. CHs without siRNA transfection and IL-1β
treatment were the control group. As shown in
Figure 3A, under the treatment of IL-1β, Runx2
deficient CHs expressed more Col-II and fewer
Col-X compared to the normal CHs. However,
Runx2 deficient did not affect the HIF-1α expression. Besides, HIF-1α silencing further increased
the Col-X expression but did not significantly
change the other protein levels compared to the
normal cells treated by IL-1β. Apart from this,

Figure 2. Glucose uptake and ATP production decrease in IL-1β-treated CHs in vitro. CHs isolated from the normal cartilage was cultured with 10 ng/mL IL-1β for 1 day or 3 days. Cells without IL-1β treatment on day 0 were set as control.
A, WB analysis for the protein expression of Col-II, Col-X, Runx2, and HIF-1α, and its quantification measured by Image J
software. B, RT-PCR analysis for Col-I and MMP13 by normalization to GAPDH expression. C, Accumulation of 2DG6P
in the CHs. D, Relative light units (rlu) of luminescence for ATP bioluminescence assay. Results are expressed as mean ±
SD. (*p<0.05, **p<0.01, ***p<0.001).
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Figure 3. Silencing of Runx2 or HIF-1α aggravates the decrease of glucose uptake and ATP production in degenerative
CHs. CHs were transfected with siRNA and subjected to 10 ng/mL IL-1β for 3 days. Cells without transfection and IL-1β
treatment were set as control. A, WB analysis for the protein expression of Col-II, Col-X, Runx2, and HIF-1α, and its quantification measured by Image J software. B, RT-PCR analysis for Col-I and MMP13 by normalization to GAPDH expression.
C, Accumulation of 2DG6P in the CHs. D, Relative light units (rlu) of luminescence for ATP bioluminescence assay. Results
are expressed as mean ± SD. (*p<0.05, **p<0.01, ***p<0.001).

Col-I and MMP13 mRNA expression were suppressed when the Runx2 gene was blocked under the treatment of IL-1β (Figure 3B). Therefore,
the silencing of Runx2 delayed the IL-1β induced
CHs degeneration, and the silencing of HIF-1α
somehow aggravated the degradative process.
Besides, under the simulation of IL-1β, we found
the silencing of Runx2 or HIF-1α both further
affected the glucose uptake and ATP generation
compared to the control group. There was no apparent difference between si-Runx2 and si-HIF1α group.
Runx2 Binds to the Promoter of HIF-1α
and Promotes its Expression
Since the Runx2 and HIF-1α expression were
both increased in degenerative CHs, we hypothesized that Runx2 might control the HIF-1α expression. To verify that Runx2 transcriptionally
regulated HIF-1α, we identified 3 putative Runx2
binding sites in the HIF-1α promoter region using
the Biotechnology Information database (https://
www.ncbi.nlm.nih.gov/), which was showed by

ChIP assay. As shown in Figure 4A, we defined
the three putative binding sites as P1 (ACCACCAAT, from -98bp to – 106bp), P2 (AACGTCAAA from -516bp to -524bp), and P3 (GGCGCCAAA, from -1585bp to -1593bp). After CHs
lysis, we pulled down the cellular Runx2 protein
by the anti-Runx2 antibody, and we used the CH
DNA as a template to amplify the whole HIF-1α
promoter segment via RT-PCR (lane 1 of Figure
4B). Clear DNA amplification (the sequences
for PCR are list in Table I) were examined after
immunoprecipitation with beads only (lane 2 of
Figure 4B), with irrelevant control IgG (lane 3
of Figure 4B), and with the anti-Runx2 antibody
(lane 4 of Figure 4B). The result suggested the
P1 and P2 DNA regions were pulled down with
the anti-Runx2 antibody, which was the specific
binding sites.
Next, we used a double luciferase reporter gene
to confirm the Runx2 binding to the HIF-1α promoter and promoting its expression. The WT and mutant binding site of promoter sequences of P1 and
P2 were cloned into the pGL plasmids (pGL-wt1/
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Figure 4. Runx2 binds to the promoter of HIF-1α and promotes its expression. A, Three sites in Runx2 predicted to bind
the HIF-1α promoter. B, P1 and P2 regions of HIF-1α promoter sequences were recovered by PCR from Runx2 immunoprecipitates but not preimmune IgG or beads immunoprecipitates. C, Runx2-like elements in the HIF-1α promoter region and the
mutated sequence for the pGL4.20 reporter plasmid. D, Luciferase activity was driven by the P2 predicted promoter, which
was more dramatic following Runx2 treatment, and no significant difference in luciferase activity was observed following
Runx2 treatment when P2 sequence was mutated. Results are expressed as mean ± SD. (***p<0.001).

wt2 and pGL-mut1/mut2) and transiently transfected into CHs (Figure 4C). Transfection with empty
vector, pGL without the promoter sequence and
pRL (vector+pGL+pRL), or with the vector coding
Runx2, pGL without the promoter sequence and
pRL (Runx2+pGL+pRL) served as the negative
controls. The results indicated that transfection with
Runx2-vector and pGL-wt2 significantly expressed
a higher level of Luciferase activity than in those
transfected with empty vector and the pGL-wt2
plasmid (Figure 4D). In contrast, Luciferase activity
was significantly lower when the P2 sequence was
mutated. Additionally, we did not notice any differences by transfection with the P1 sequence (Figure
4D). Therefore, this finding confirms that P2 is the
efficient cite for Runx2 binding to the HIF-1α promoter, which raises a mechanism for Runx2 transcriptionally activating HIF-1α in CHs.

Discussion
In the early stage of OA, the metabolic adaptation of articular cartilage under harmful stimulation conditions is undeniable. CHs dedifferenti1212

ate into a hypertrophy-like phenotype and ECM
degrades, which is characterized by decreased
synthesis of Col-II and newly synthesized Col-I
and Col-X, accompanied by the activation of matrix-degrading enzymes such as MMP13. CHs try
to repair damaged cell activity and ECM through
adaptive changes in metabolism16. With the development of OA, this metabolic adaptation and the
self-repair ability of cartilage decrease and result
in severe tissue damage and new bone formation17,18. Cartilage is an avascular tissue, and the
nutrients that maintain the regular physiological
activity are mostly infiltrated through the joint
fluid and dispersed through the matrix to nourish
the CHs. CHs generate ATP for energy metabolism, primarily dependent on glucose uptake and
glycolytic metabolism. Once the energy metabolism balance of CHs is broken, ATP generation is
profoundly decreased, which seriously affects the
normal function of articular cartilage, and CHs
are forced to degenerate.
In this study, we verified that the CHs of OA
cartilage utilized less glucose and generated less
ATP compared to the normal CHs, which was
confirmed by the IL-1β induced CHs degeneration
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in vitro. As the CHs generate the majority (>60%)
of their ATP through glycolysis, the disorder of
glucose uptake is responsible for the loss of ATP
accumulation19. Accompanying with the imbalanced energy metabolism, we found the HIF-1α
and Runx2 expression were upregulated under
both the natural and IL-1β caused states. HIF-1α
gene is the primary regulator of cells adapting to
hypoxia stimulation. HIF-1α is mainly regulated
by extracellular oxygen concentration. When the
cell is under normoxia condition, HIF-1α can be
degraded by ubiquitination. When the cell is in
a hypoxic state, HIF-1α cannot be degraded and
is overexpressed in the cell involving in energy
metabolism, angiogenesis, and cytokines synthesis. In addition to oxygen partial pressure, Yudoh
et al13 also announced that metabolic disorders,
IL-1β, and other inflammatory stimuli could induce the activation of HIF-1α in CHs. CHs lacking the HIF-1α gene cannot produce energy and
synthesize substrates under both normal and hypoxic conditions, which accelerates the metabolic
stress-induced apoptosis.
In addition to hypoxic factors, the metal ions
Co2+ and Ni2+ are reported to stabilize HIF-1α activity and induce the expression of downstream
genes by the replacement of Fe2+ to reduce HIF-1α
degradation20,21. Different stimulation regulates
the expression of HIF-1α through distinct signaling pathways, including interleukin 1 (IL-1)22,
tumor necrosis factor (TNF)23, fibroblast growth
factor (FGF)24, p38/extracellular signal‑regulated
kinase (ERK)25, and mitogen-activated protein
kinase (MAPK)26 pathways. However, the exact
molecular mechanism that triggering the activation of HIF-1α in CHs remains unclear. Runx2
is an essential transcriptional regulator of bone
formation and CH maturation. It transcriptionally upregulates various mineralization-related
protein genes in pre-osteoblasts and CHs to differentiate the corresponding direction of osteogenesis. Runx2 is weakly expressed in dormant
and proliferating CH, but it is upregulated in hypertrophic and terminal hypertrophic conditions,
which plays a vital role in the process of cartilage
degeneration27. Therefore, we wondered whether
the upregulation of Runx2 induced the activation of HIF-1α. By silencing the Runx2 expression, the CHs hypertrophic genes, such as Col-I,
Col-X, and MMP13, were suppressed under the
stimulation of IL-1β. The HIF-1α expression was
also not increased. However, cellular glucose uptake and ATP generation were also further decreased. These findings suggested that Runx2 si-

lencing failed to raise the upregulation of HIF-1α,
resulting in the profound reduction of glycolytic
metabolism. Similarly, the silencing of HIF-α
did not significantly affect the hypertrophic progression of CHs, but it aggravated the glycolytic
metabolism under the IL-1β treatment. Besides,
blocking HIF-1α did not impact Runx2 expression. Compared to the control, it was clear that
HIF-1α and Runx2 were upregulated during CHs
degeneration. If HIF-1α or Runx2 expression was
not upregulated, the glycolytic metabolism would
get further worse. Therefore, the upregulation of
HIF-1α contributes to the self-repair of glycolytic metabolism. Consequently, we hypothesized
that the activation of Runx2 triggers the HIF-1α
upregulation, which contributes to the repair of
glycolytic metabolism.
During endochondral bone formation, Lee
et al 28 elucidated that Runx2 protein stabilizes
HIF-1α in the hypertrophic CHs of the growth
plate. But they did not mention Runx2 plays a
role in the activation of HIF-1α. Fortunately,
we found seven predicted sites in which Runx2
binds to the first 2000 sequences of HIF-1α promoter. After verification, we found there were
at least two binding sites that Runx2 protein
binds to the HIF-1α promoter regions. Furthermore, the ‘aacgtcaaa’ sequence of HIF-1α
was significantly activated by the presence of
Runx2 protein, which sufficiently proved that
Runx2 could induce HIF-1α expression at the
transcriptional level.

Conclusions
Glucose plays a vital role in the development,
stabilization, repair, and remodeling of cartilage.
Disturbance of glycolytic metabolism will damage cartilage tissue and CH functions. The novelty of our work is to clarify the increased HIF-1α
expression in the degenerative CH is regulated
by the Runx2 protein, which helps us to understand the mechanism of self-repair of glycolytic
metabolism. However, Runx2 is also a negative
factor in the progress of CH degeneration. In the
OA process, whether Runx2 can be used to regulate HIF-1α expression without accelerating the
process of CH degeneration remains to be further
investigated.
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