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Abstract
Objectives: It had been proved that TGF-β1 was correlated with onset of osteoarthritis in vitro and vivo.
Here, This study was to elucidate the epigenetic mechanism of TGF-β1 promoting osteogenic
differentiation in osteoarthritis.

Methods: hBMSCs surface antigens were assayed by �ow cytometry tests. qRT-PCR was performed to
detect hBMSCs mRNA levels of RUNX2, PPARγ and SOX9. hBMSCs were stained by osteoalkaline
phosphatase and alizarin red. The qRT-PCR and Western blot were both used to detect the expression
levels of methylases, demethylases and osteogenic transcription factor RUNX2 after hBMSCs were
cultrued in osteogenic medium coincubated with TGF-β1 solution.

Results: hBMSCs were identi�ed by over expressions of CD90, CD105 and CD44, as well as the positive
multi-diffenentiation potential tests. hBMSCs bone alkaline phosphatase and alizarin red staining were
observed to deepen in TGF-β1 group compared with the osteogenic culture group. The mRNA expression
levels of EZH1, KDM2B, KDM4A/4B/4C/4D, and KDM6A /6B were increased in hBMSCs cultured in
osteogenic medium. The expression levels of KDM6A/6B were shown increasement when TGF-β1 was
co-incubated with osteogenic medium. Furthermore, the mRNA and protein levels of KDM6A/6B were
signi�cantly decreased after SB431542 was added in the medium. RUNX2 was signi�cantly inhibited by
the addition of GSK-J4 solution, while KDM6A/6B expression level did not change signi�cantly.

Conclusion: The osteogenic differentiation of hBMSCs was related to the enhanced expressions of EZH1,
KDM2B, KDM4A-4D, KDM6A/6B. The expression levels of demethylase KDM6A/6B were positively
regulated by the TGF-β/Smad signaling pathway, which promoted the osteogenic differentiation of
hBMSCs.

Background
It was reported that there were more than 27 million Knee Oosteoarthritis (KOA) patients in the United
States in 2009[1], estimated to exceed 50 million people in 2020 [2], the incidence of KOA in China was as
high as 8.1% in 2016 [3], and the incidence in people over 60 years old was even more than 30% [4]. At
present, the molecular mechanism of the KOA onset is still unclear, and there is still lack of effective
treatment to inhibit the KOA occurrence and progress of OA [5].

Liang et al proposed the hyperthesis that the occurrence of KOA was caused by abnormally increased
TGF-β1 in the subchondral bone, which was proved in vitro and animal models. When the joint was
subjected to abnormal mechanical and mechanical stimulation, the osteoclast bone resorption enhanced
in the subchondral bone, and a large amount of TGF-β1 stored in the bone matrix was activated,
which disturbed the subchondral bone internal environment. Bone marrow mesenchymal stem cells
(BMSCs) were induced by the abnormally increased concentration of TGF-β1 to ectopic osteogenesis in
subchondral bone, leading to the increased formations of bone islets and sclerosis. Then the OA
pathological changes occurred[6].  Abnormal osteogenesis of BMSCs was characterized by bone spur
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formation and subchondral bone sclerosis, which was also the main clinical feature of OA in X-ray and
CT examinations [7]. OA joint pain was also a clinical symptom caused by bone marrow injury in
subchondral bone sclerosis, which could also predict the severity of OA condition [8].  The application of
TGF-β1 inhibitors could signi�cantly reduce the number of bone formation, con�rmed by MRI  imaging
data in orthopedic clinical patients[9].

It could be seen that hBMSCs ectopic osteogenesis induced by TGF-β1 was a key factor in the occurrence
and development of OA. Therefore, it was necessary to study the molecular mechanism of TGF-β1
promoting the osteogenic differentiation of hBMSCs.

The pathogenic mechanism of epigenetics is to change the expression of genes without the alteration
of the main genes DNA sequence [10]. In eukaryotes, there were three types of epigenetic mechanisms at
the same time, DNA chemical modi�cation, histone modi�cation and non-encoding regulatory RNAs [11],
respectively. Histones modi�cation could regulate gene expression through methylation, acetylation and
many other reversible chemical modi�cations[12]. The histone methylation modi�cation site was located
on the lysine or arginine residues of the third or fourth subunit of histone. Histone lysine
methyltransferases (Histone lysine Methyltransferases, HMTs) and demethylases (Histone lysine
demethylases, KDMs) were two kinds of enzymes that catalyzed the methylation modi�cation of
histones. The role of HMTs was to trimethylate single, double or lysine residues at different positions on
the third subunit of histones. The role of KDMs was to remove the methyl groups on lysine residues,
thereby activating or inactivating genes. A variety of histone lysine methyltransferases had been
discovered DOT1L[13], EZH2, EZH1[14]. Many kinds of demethylation transferases had also been found,
LSD1[15], KDM2A-2D, KDM3A-3D, KDM4A-4D, KDM5A-D, KDM6A, KDM6B[16] and so on.

Previous studies con�rmed that the lysine residues on the promoters of genes were affected by
methyltransferase and demethylase, such as bone formation-related transcription factor RUNX2 and
cartilage-related transcription factor SOX9. The methylation and demethylation reactions were adjusted,
thereby regulating the expressions of RUNX2 and SOX9 [17], ultimately led to the onset of OA. Previous
studies showed KDM6B indirectly regulated RUNX2 gene expression through regulation of BMP and HOX
gene expression in BMCs osteogenesis differentiation [18]. It was reported that KDM4B was required
for the cartilage differentiation of hBMSCs mediated by the TGF-β1/Smad3 signaling pathway[19]. Anna
Cascante reported that KDM4A/4C activated the stem cells differentiation in vivo and
vitro[20]. KDM2A[21] and KDM2B[22] were proved to promote hBMSCs differentiation into dentin
osteogenesis. Ezh2 was also con�rmed to inhibit the adipogenic differentiation and enhance the
osteogenesis of stem cells [23].

So we asked questions as following: 

What methyltransferase and demethylase expression levels changed in the process of hBMSCs
osteogenesis? Were the changed expression levles of methyltransferases or demethylases related with
the  TGF-β1/Smad3 signaling pathway?
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To solve the �rst problems, the mRNA and protein expression levels of methyltransferases and
demethylases were both detected to show the alterative expression levels of  these enzymes
in hBMSCs cultured in osteogenic medium, compared with that in  regular medium.

To solve the second question, TGF-β1/Smad3 signaling pathway inhibitors were needed to use to
speci�cally inhibit the signaling pathway activity in osteogenic differentiation of hBMSCs, followed by
detecting the expression levels of  histone lysine demethylases and methyltransferases, which would
explore how the expressions of demethylases and methyltransferases were associated with TGF-
β1/Smad3 signaling pathway. Furthermore, the inhibitors of these demethylases were used to �nd out if
demethylases were related   with the expression level of RUNX2, which elucidated the epigenetic
molecular mechanism of TGF-β1 promoting bone differentiation of hBMSCs.

Materials And Methods
Cell culture: The bone marrow tissue was taken from a patient with hip joint OA who underwent total hip
arthroplasty. 5-10 mL of bone marrow �uid was taken after reaming. After pre-wetting with a 50mL
disposable syringe with heparin injection, 5mL-10mL human bone marrow �uid was mixedwith equal
amount DMEM, then centrifuged at 1000rpm for 5min, and the precipitation was collected. An equal
volume of Percoll separation solution was added along the tube wall, and centrifuged at 2500 rpm for 25
min.  The middle layer was carefully sucked (the white �lm layer which was visible to naked eyes).. The
collected monocytes were washed twice with PBS, then resuspended in DMEM (containing 10% FBS), and
 1×106/mL cells were  inoculated into a culture �ask (25cm2), which was  recorded as P0. The regular
stem cell culture medium preheated to 37℃ was added to the culture �ask, then transferred to 5% CO2,
37℃ incubator to keep a static culture.

Some cell colonies were formed in 3 days, and the con�uency density of the hBMSCs reached about 80%
 in 8 days, then the cells would be passaged and divided into 3 new �ask (75cm2).

Flow cytometry Detection  First was �uorescent antibody labeling: the P3 generation cells were taken
out, and 1×105 cells was prepared in each EP tube. Speci�c �uorescently labeled antibody 10uL was
added into the EP tubes. There were CD45 antibody (BD 555485), CD44 antibody (BioLegend 103011),
CD90 antibody (BD 555595), CD34 antibody (BD 555821), CD105 antibody (BD 560839). The EP tubes
were incubated at 4°C for 15-30min in the dark. PBS cell suspensions were washed for 3 times,
centrifuged at 1000 rpm, resuspended in 500 uL PBS in each EP tube. hBMSCs surface antigens were
detected by Flow Cytometer tests.

qRT-PCR detection .  RUNX2, PPARγ, SOX9 mRNA expression in hBMSCs were detected by the quantitive
real-time RT-PCR ampli�cation (qRT-PCR). The conditions for ampli�cations were 55 °C for 10 min, 95 °C
for 5 min, followed by 36 cycles of 95°C for 5 seconds and 60°C for 10 seconds according to the
instructions from the Rotor-Gene® SYBR® Green Handbook (Rotor-Gene SYBR Green RT-PCR Kit,
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Germany). Primers were designed by Primer5.0 design primer, and synthesized by BGI gene company.
Primers were sequenced as following. (see Table1)

After the reaction, we obtained the original copy number of the cDNA products and the relative expression
levels of mRNA in RUNX2,PPARγ and SOX9. The experiments were  repeated  for 3 times with 3 replicate
holes each time.The mRNA expression levels of  methyltransferases and demethylases enzymes
in hBMSCs  were tested in a semi-quantitative test of qRT-PCR, and the primers devised by Primer 5.0
design primer were listed as followings.(see Table1)

Western blot: Cellular proteins were prepared using cell lysis buffer (50 mM Tris-HCl, pH 8.0, 1% Nonidet
P-40, 2mM ethylenediaminetetraacetic acid, 10mM NaCl, 2mg/mL aprotinin, 5mg/mL leupeptin, 2mg/ml
pepstatin, 1mM dithiothreitol, 0.1% sodium dodecyl sulfate, and 1mM phenylmethylsulfonyl �uoride). The
BCA method was used for total protein quanti�cation. Equal amounts of protein samples (8μg) were
separated by polypropylene gel electrophoresis with 5% concentrated gel and 12% separating gel under
the stable voltage of 80 for 60 minutes, and then transferred to a PVDF membrane with the conditions of
a stable 25 voltage 120 minutes for KDM6A, KDM6B, KDM4A, KDM4D, EZH1 and RUNX2 protein
expressions.

PVDF membranes were all incubated by the solution prepared by skimmed milk powder, dissolved in Tris
Buffered Saline Tween (TBST buffer) for 2 hours. Then the different diluted �rst antibody was added and
incubated overnight at 4 degrees Celsius. The �rst antibody dilution ratioes were marked as Table 2.

This procedure was followed by incubation with sheep anti-rabbit (1:20,000) horseradish peroxidase-
labeled secondary antibodies for 2h at room temperature, whilst β-actin immunoblots served as loading
controls. The membrane was photographic, developed and �xed, and an ECL reagent kit (Thermo
Systems) was used to detect the bands on the membrane. Finally, the data and the images were collected
by the Gel Imaging System (Bio-Rad, America) and X-ray exposure. 

Bone alkaline phosphatase staining:   After 6 days of osteogenic induction, the BMSCs cells were
exchanged and soaked in PBS 3 times, 5 min each time,  �xed with 4% paraformaldehyde 400uL per well
at room temperature for 30min, then soaked in PBS 3 times, for 5min each time. According to the
BCIP/NBT alkaline phosphatase staining kit instructions (Beyotime Co., Ltd), the cells were dyed and
observed under a microscope, selecting the �eld of view to collect the images.

Alizarin Red Staining:  After 14 days of osteogenic induction and culture, the hBMSCs cells were stained
with Alizarin Red (Solarbio company, China). The  procedures were followed  in detail as below: hBMSCs
cells were cultured in 6-well plates, and the cell �uid was changed and washed twice with PBS. The
second was �xation. 4% paraformaldehyde �xation for 15min, paraformaldehyde was discarded, and the
cells were washed with PBS for 3 times. The third was that 0.2% Alizarin Red staining solution 2mL was
added to each well and left alone for 30min. The fourth step was rinse.  Alizarin Red dye solution was
discarded and the cells in 6-well plates  with PBS were rinsed for 6 times. Finally, the dyed cells were
observed  and   pictures were taken under a microscope.



Page 6/20

Results
1. Isolation, culture and identi�cation of hBMSCs.

1.1 Regular stem cell culture medium was used to inoculate and culture hBMSCs for 48 hours. Observed
under an inverted microscope, hBMSCs showed a round shape, and most of them had adhered to the
wall. After 4 days, the cells were spindle-shaped.At about 7 days, the cell colony gradually increased, and
the con�uence was 70-80%.The morphology of the hBMSCs was shown in Fig.1.

1.2  Identi�cation of hBMSCs antigen expression by �ow cytometry. Flow cytometry results showed  
positive rates of antigen expressions including CD44, CD90, CD105, CD45, and CD34 were 99.7%, 99.6%,
99.4%, 2.0%, and 1.5%, respectively,  As shown in Fig. 1.

1.3 Detection of hBMSCs multi-diffenentiation potential tests. hBMSCs were cultured in osteogenic
medium, adipogenic culture medium and chondrogenic medium, respectively. After 6 days, hBMSCs were
collected and subjected to qRT-PCR to detect the mRNA expressions of RUNX2, PPARγ and SOX9, marker
genes of bone differentiation, adipogenic differentiation and chondrogenic differentiation. They were
compared with the control group (the hBMSCs were cultured in regular stem cell culture medium) see
Fig.1.

2. Alkaline Phosphatase and Alizarin Red staining experiments observation of TGF-β1’s  promotion effect
on the bone differentiation of hBMSCs

2.1 Alkaline Phosphatase staining. In the osteogenic culture group,  A small amount of cell cytoplasm
was found to be stained, indicating that a small amount of osteoblasts were formed. The results of TGF-
β1 group (addition of osteogenic medium and TGF-β1 �nal concentration 10ng/mL) showed that the cell
cytoplasm staining darkened signi�cantly, which denoted hBMSCs osteogenesis enhanced. See Fig. 2

2.2 Alizarin Red staining. After 14 days of culture in the osteogenic culture group, the hBMSCs were
stained with Alizarin Red. After 14 days of culture in the TGF-β group, the staining of the cells in the
osteogenic culture group was signi�cantly increased and the color was darkened, suggesting that the
hBMSCs in the TGF-β group osteogenesis enhanced.  See Fig. 2.

3. Study on the epigenetic mechanism of TGF-β1’ promotion effect on the bone differentiation of
hBMSCs.

3.1 The expressions of some methyltransferase and demethylase mRNA genes changed after the
osteogenic differentiation of hBMSCs.

Compared with the hBMSCs cultured in regular culture medium, the demethylase KDM2B, KDM4A,
KDM4B, KDM4C, KDM4D, KDM6A, KDMA6B and methyltransferase EZH1 mRNA genes were signi�cantly
increased in hBMSCs cultured by osteogenic medium (P<0.05). There was no statistical difference in the
mRNA expression of the demethylase KDM2A and the methyltransferase EZH2 (P>0.05), which denoted
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that KDM2B, KDM4A, KDM4B, KDM4C, KDM4D, KDM6A, KDMA6B and EZH1 were related to the
osteogenic differentiation of hBMSCs. The methyltransferase EZH2 and the demethylase KDM2A  have
no correlation with the osteogenic differentiation of hBMSCs. See Fig.3.

3.2 The expressions of methyltransferases and demethylases were partly regulated by TGF-β/Smad
signaling pathway.

3.21 mRNA expression levels of methyltransferase and demethylase were regulated by TGF-β1.  The
hBMSCs were divided into the osteogenic culture group (osteogenic medium culture), the  TGF-β1 group
(osteogenic medium and TGF-β1 10ng/mL) and the SB group (osteogenic medium and TGF-β1 10ng/mL
added with SB431542  1uM).  SB431542 is a speci�c blocker of the TGF-β/Smad signaling pathway.
After 72 hours of incubation in each group, qRT-PCR was used to detect the mRNA expression of the
target genes in the hBMSCs of each group.

Compared with the osteogenic culture group, the mRNA expression of the demethylases KDM2B, KDM4B
and KDM4C in the TGF-β1 group had no statistically signi�cant difference (P>0.05), suggesting that
expressions of the above three methylases were not associated with TGF-β1 during the osteogenic
differentiation of hBMSCs. The relative mRNA expressions of KDM4A, KDM4D and EZH1 were
signi�cantly reduced (P<0.01), which denoted that the mRNA expressions of KDM4A, KDM4D and EZH1
were negatively regulated by TGF-β1. The relative expressions of KDM6A and KDM6B mRNA in the TGF-
β1 group were signi�cantly increased by 1.5 times (P<0.01), which showed that  the mRNA expressions of
KDM6A and KDM6B were both positively regulated by TGF-β1. See Fig. 4.

3.22 Protein expression levels of methyltransferase and demethylase were regulated by TGF-β1.

To con�rm the regulatory effect of TGF-β1 on the protein expressions of methyltransferase and
demethylase, hBMSCs were grouped into  the regular culture group, the osteogenic culture group, the TGF-
β1 group and the SB group. The grouping methods were the same as the contents of 3.1 and
3.21.  A Western Blot was used to detect the protein expressions of methyltransferase EZH1 and
demethylase KDM4A, KDM4D, KDM6A and KDM6B in the above 4 groups of hBMSCs. The results
showed that during the osteogenic differentiation of hBMSCs, the protein expression trends of
methyltransferase and demethylase were the same with mRNA expressions of these enzymes. See Fig. 4.

3.3 Osteogenic transcription factor RUNX2 was regulated by KDM6A and KDM6B,  which elucidated the
mechanism of TGF-β1 promoting the hBMSCs osteogenic differentiation.

 The hBMSCs were divided into the regular culture group, the osteogenic culture group, the TGF-β1 group
and the GSK-J4 group (osteogenic medium and TGF-β1 (10ng/mL) and GSK (10uM)). After 72 hours of
incubation in each group, qRT-PCR was performed to detect the mRNA expressions of KDM6A, KDM6B
and RUNX2. A Western Blot was used to detect the protein levels of KDM6A, KDM6B and RUNX2
in  hBMSCs. See Fig. 5.
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Comparing the osteogenic culture group with the regular culture group, the relative expressions of mRNA
and proteins of KDM6A, KDM6B and RUNX2 in the osteogenic culture group were signi�cantly increased
(P<0.01), suggesting that  the expressions of KDM6A and KDM6B were signi�cantly related to the
osteogenic differentiation of hBMSCs.

Compared with the osteogenic culture group, the relative expressions of mRNA and proteins of KDM6A,
KDM6B, and RUNX2 in the TGF-β1 group were furtherly increased (P<0.01), which denoted TGF-β1 had a
positive regulatory effect on the expression of KDM6A, KDM6B and RUNX2.

Compoared with the TGF-β1 group, it showed that the relative expressions of mRNA and proteins of
KDM6A and KDM6B in the GSK-J4 group did not change signi�cantly (P>0.05) while the expressions of
RUNX2 reduced signi�cantly (P<0.01), which indicated that osteogenic transcription factor RUNX2   was
regulatd by  the demethylases KDM6A and KDM6B. GSK-J4 was the speci�c inhibitor of KDM6A /6B
activity. See Fig.5.

Discussion
According to the de�nition and requirements of International Society for Cell Therapy  (2006 Edition) [24],
hBMSCs are positive for various cell furface antigens such as CD29, CD44, CD71, CD90 and CD106, and
negative for angiogenesis-related -antigens such as CD45 and CD34. The differentiation  potential of
BMSCs in vivo and in vitro was the most important feature that distinguished BMSCs from various
differentiated adult cells. BMSCs isolated and cultured in vitro could undergo adipogenic, osteogenic and
chondrogenic differentiation under the induction of special medium [25].  After the hBMSCs were cultured
in osteogenic, adipogenic and chondrogenic medium, the mRNA expressions of osteogenic transcription
factor Runx2, chondrogenic transcription factor Sox9, and adipogenic transcription factor PPARγ were
signi�cantly increased, suggesting that the cultured cells had multi differentiation potentials.

After observing and verifying the effect of TGF-β1 on the osteogenic differentiation of hBMSCs by
alkaline phosphatase staining and alizarin red staining, we screened several methyltransferases and
demethylases related to the osteogenic differentiation of hBMSCs by qRT-PCR. We also found that the
levels of demethylases KDM4A, KDM4D and  methyltransferase EZH1 were all signi�cantly inhibited after
TGF-β1 was added into the osteogenic medium, suggesting that TGF-β1 might promote the  hBMSCs
osteogenic differentiation by inhibiting the expression of these enzymes. Wang Y also found
that an overexpression of KDM4A inhibited the differentiation of progenitor cells into osteoblasts in
human progenitor cells, and the decreased expression of KDM4A in mouse BMSCs
increased the hBMSCs osteogenesis [26]. 

SB431542, a potent small molecule inhibitor of the TGF-βI receptor, was a speci�c inhibitor of the TGF-
β/Smad signaling pathway [27]. SB431542 had no inhibitory effect on the non-Smad signaling
pathway [28].  In this experiment, the expression of KDM4A/4D and methyltransferase EZH1 did not
change signi�cantly when hBMSCs were incubated with SB431542 solution. These results suggested
that TGF-β1 might regulate the expression of KDM4A, KDM4D and EZH1 through non TGF-β/Smad
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signaling pathway. Previous studies had proved that EZH1 was related to the non-Smad signaling
pathway. It was found that EZH1 regulated the activity of H/E(SPL) downstream of the Notch signal
pathway through histone methylation, thus regulating epithelial mesenchymal transition [29].

The level of KDM6A/B were both further enhanced by TGF-β1 solution stimulation, while the expression
of KDM6A/6B was inhibited by SB431542. These results suggested that KDM6A/6B expression were
regulated by TGF-β/Smad signaling pathway in hBMSCs osteogenic differentiation. The interaction of
TGF-β1 with KDM6A/6B has  also been reported in other literatures. Lu Wang reported that the interaction
between the TGF- β1/Smad signaling pathway and KDM6A was one of the mechanisms of pulmonary
�brosis [30]. Shumei Liang con�rmed that KDM6B and TGF-β1 in ovarian cancer cells also had a mutual
regulatory relationship. The enhanced expression of KDM6B promoted tumor metastasis, which could be
attenuated by the TGF-β1 blocker reagent [31].

In order to con�rm  that hBMSCs osteogenesis differentiation was  regulated by TGF-β1 through
controlling KDM6A/6B expressions, we added TGF-β1 solution and GSK-J4 solution, an inhibitor of
KDM6A/ 6B activity, into the osteogenic medium of hBMSCs. After 72 hours of culture, mRNA and protein
levels of Runx2 decreased signi�cantly, which suggested that the expressions of Runx2 were regulated by
 KDM6A/6B, and  hBMSCs osteogenic differentiation was regulated  by TGF-β1 controlling of  KDM6A/6B
expressions. Tetsunaga T’s study results were similar: KDM6B regulated RUNX2 expression and
promoted the osteogenic differentiation of hBMSCs. However, KDM6B was not directly linked
to the RUNX2 promoter, but it regulated the RUNX2 gene by regulating the BMP and the HOX gene
expressions[18]. Hemming S reported that H3K27me3 on promoters of RUNX2 and downstream target
genes (osteopontin and osteocalcin) was demethylated by KDM6A, resulting in histone demethylation,
enhancing the expressions of osteogenic-related-genes such as RUNX2, osteopontin and osteocalcin,
ultimately leading to osteogenic differentiation of BMSCs [32].

Conclusion
In conclusion,the study from above experimental demonstrated that the expressions of demethylase
KDM6A/6B were positively regulated by the TGF-β/Smad signal transduction pathway, which
sequentially   up-regulated the expression of RUNX2. The increased expression of RUNX2 promoted the
differentiation of hBMSCs into osteoblasts, resulting in subchondral bone osteosclerosis and the
occurrence of osteoarthritis. Therefore, these results suggested the epigenetic mechanism of TGF-
β1/Smad signal pathway  regulating the osteogenic differentiation of hBMSCs which provided a distinct
idea for understanding the molecular mechanism of osteoarthritis. However, it remains unclear the
expressions of demethylase KDM4A/4D and methylase EZH1 might be regulated by the non TGF-β1-
Smad signal pathway. Collectively, the future experiments such as KDM6A/6B gene knockout plasmid
vitro experiments and animal models in vivo will contribute to a better understand of the detailed
informations related to the epigenetic mechanism of TGF-β1/Smad signal pathway in osteoarthritis.
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Tables
Table 1 The primers used for the qRT-PCR in this research were sequenced as below

Target gene Primer 5’— 3’

Forward Reverse

RUNX2 gtggacgaggcaagagtttca catcaagcttct gtctgtgcc.

PPARγ CCAGAAAGCGATTCCTTCAC   CACG TTAGTTTCACCTCGGA.

SOX9 GGAGATGAAATCTGTTCTGGGAAT TGAAGGTTAACTGCTGGTGTTCTG

KDM2A CCAAAGGTGCGGGTTCCTAC GGCTCCTGACACAATCGGG

KDM2B CTCACTGCTGTTGGCACCAC TGCTTGCAGTACCTCAGGTCAATA

KDM4A GGGCTTTGGGCTGTAGATTC GCTCGTGGCTTCCACTCTTT

KDM4B CCCTGCGGTGGATTGACTAC GTTTCCGGTGAGACCTGCG

KDM4C AAGCTCGATTTTCCACAGCC CAGGGTCGGCCACATATTCA

KDM4D GGGCAGGGGTGTTTACTCAAT TGTTTGCCAAATGGCGATACT

KDM6A GCCTCTTTGGGTTCGTGAGAT AGGCAGCATTCTTCCAGTAGT

KDM6B CTGAACTTGGGCCTGTTGTC GCCTGTCAGGTCCCAGTTCT

EZH1 AATATGGGAGCAAAGGCTCTGTATGTG CACGAAGTTTCTTCCACTCTTCATTGAG

EZH2 TACTTGTGGAGCCGCTGAC TCTGCCACGTCAGATGGTG    

RUNX2 gtggacgaggcaagagtttca catcaagcttctgtctgtgcc

GAPDH CGGACCAATACGACCAAATCCG AGCCACATCGCTCAGACACC

Table 2  The �rst antibody dilution ratioes in the western blot tests were listed 
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Antibodies’ names Company(lot)  Dilution  ratio

Rabbit Anti-Human RUNX2  Abcam/(ab23981) WB 1 1000)

Rabbit Anti-Human KDM4A Abcam/(ab191433) WB 1 1000)

Rabbit Anti-Human KDM4D Abcam/(ab93694) WB 1 1000)

Rabbit Anti-Human EZH1     Abcam/(137693) WB 1 1000)

Rabbit Anti-Human KDM6A Abcam/ab84190 WB 1 1000

Rabbit Anti-Human KDM6B Abcam/ab169197 WB 1 1000

Rabbit Anti-Human GAPDH  Proteintech /10494-1-AP WB 1 10000

HRP-labeled goat anti-rabbit secondary antibody Proteintech/SA00004-2 WB 1 500

Figures

https://www.abcam.cn/runx2-antibody-ab23981.html
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Figure 1

hBMSCs cultured in regular medium was identi�ed by �ow cytometry tests, and the multi-diffenentiation
potential quality was con�rmed by qRT-PCR assays through detecting RUNX2, PPARγ and SOX9 mRNA
levels in related cell culture mediums. A. hBMSCs were cultured and adhered for 2/4/8 days in the regular
stem cell culture medium. B. antigen expressions on hBMSCs surface were detected by �ow cytometry
after 8-days culture. CD34, CD45, CD44, CD90 and CD105 were shown in panels from left to right, from
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top to bottom. C. The expressions of RUNX2, SOX9 and PPARγ mRNA were showed all increasement in
hBMSCs after 6-day culture in differentiation culture medium. All mRNA expression levels was
standardized with GAPDH, and the standard deviation came from 3 independent experiments n=3.( **
means P<0.01).

Figure 2

TGF-β1 promotion effects on the hBMSCs’ differentiation into osteoblasts was showed by bone alkaline
phosphatase and alizarin red staining. The hBMSCs were devided into two groups, one was the
osteogenic medium group, the other was osteogenic medium incubated with TGF-β1 (10ng/mL). TGF-β1
group staining was more darker.
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Figure 3

The mRNA levels of some methyltransferase and demethylase in hBMSCs were improved after hBMSCs
were cultured in osteogenic medium for 3 days. qRT-PCR assay was used to detect the mRNA expressions
and the mRNA expression was standardized with GAPDH. The standard deviation came from three
independent experiments with 3 replicates for each experiment. (** means P<0.01, n=3)
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Figure 4

The expressions of methyltransferase EZH1 and demethylase KDM4A/4D and KDM6A/6B were regulated
by TGF-β1. Negative regulation was observed in EZH1, KDM4A and KDM4D, while positive regulation was
KDM6A/6B expressions. A. After hBMSCs were cultured for 72 hrs, the mRNA expressions of
methyltransferase and demethylase in each group were detected by qRT-PCR, and the mRNA expression
was then standardized by GAPDH. The mRNA expression level in the osteogenic medium group was
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taken as 1, (** means P<0.01, n=3) B. Protein level of demethylase and methyltransferases were tested by
Western Blot method. All protein expression levels were standardized by GAPDH and the conventional
culture histone expression level was 1, and the relative protein expression level was calculated. (** means
P<0.01, n=3).

Figure 5
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The expression of the osteogenic transcription factor RUNX2 was positively regulated by KDM6A/6B. A.
The mRNA level was assayed by qRT-PCR method detecting the mRNA expressions of KDM6A, KDM6B
and RUNX2. All mRNA expression levels were standardized to GAPDH. The mRNA expression level of
each index in the conventional culture group was 1. the relative expression of mRNA in each group was
calculated. ** means P<0.01, n=3  B. The protein expressions of the KDM6A/6B and RUNX2 were
assayed by Western Blot. All protein expression levels were standardized with GAPDH, and the relative
expression levels of each protein were calculated according to the regular culture medium group, and the
regular culture group as 1. (** means P<0.01, n=3.)


