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Abstract: Angiopoietin-like protein 2 (ANGPTL2) is abundantly expressed in adipose tissue, is associated with tis-
sue homeostasis, and promotes osteoblast and chondrocyte differentiation. In teeth, cementum, a thin layer of 
mineralized tissue that is formed by cementoblasts, covers the entire root surface and is a vital component of 
periodontium. The cementoblasts regulate the deposition and mineralization of the cementum matrix. However, 
the effects of ANGPTL2 on cementoblast differentiation have not been studied. The objective of this study was to 
elucidate the role of ANGPTL2 during cementoblast differentiation and determine its underlying mechanisms. Our 
results showed that the expression levels of ANGPTL2 gradually increased during cementoblast differentiation. After 
ANGPTL2 was knocked down using short-hairpin RNA, the levels of the osteogenic markers osterix (OSX), alkaline 
phosphatase (ALP), bone sialoprotein (BSP), and osteocalcin (OCN) decreased. In addition, ALP activity and the 
number of calcified nodules were dramatically reduced compared with those in the negative control. Interestingly, 
the ERK1/2 signaling pathway was activated after ANGPTL2 knockdown. Treatment with PD98059, the inhibitor of 
the ERK1/2 signaling pathway, partially rescued the decreased differentiation capability of cementoblast caused 
by ANGPTL2 downregulation. Collectively, ANGPTL2 knockdown inhibited cementoblast differentiation partially by 
activating the ERK1/2 signaling pathway. These findings suggest that ANGPTL2 was indispensable in cementoblast 
differentiation.
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Introduction

Human periodontitis is a highly prevalent 
inflammatory disease that destroys connecti- 
ve tissues and leads to absorption of the al- 
veolar bone. Periodontitis is the primary cause 
of tooth loss [1-3]. Cementum, a thin layer of 
mineralized tissue formed by cementoblasts, 
encases the entire surface of the root dentin 
and supports the periodontal ligament fibers 
between the tooth and surrounding alveolar 
bone [4, 5]. Therefore, the formation of new 
cementum is essential and critical for succe- 
ssful periodontal reconstruction [6, 7]. Ceme- 
ntoblasts are responsible for the deposition 
and mineralization of the cementum matrix. 

The cells have numerous characteristics similar 
to those of osteoblasts, such as the expression 
of osterix (OSX), alkaline phosphatase (ALP), 
bone sialoprotein (BSP), and osteocalcin (OCN), 
and have the capacity to produce calcified nod-
ules in vitro [8-12]. Therefore, exploring the key 
molecules and underlying mechanisms that 
regulate cementoblast differentiation is essen-
tial for cementum regeneration and periodontal 
reconstruction.

Angiopoietin-like proteins (ANGPTLs), a family 
of secreted proteins, contain a coiled-coil 
domain at the N-terminal for oligomerization 
and a fibrinogen-like domain at the C-terminal. 
Although ANGPTLs are structurally conserved in 
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the angiopoietin protein family, they do not bind 
to the angiopoietin receptor Tie1 or Tie2, indi-
cating that the roles of these proteins are dis-
tinct from those of angiopoietins [13-15]. 
ANGPTL2 is abundantly expressed in adipose 
tissues and is a key inflammatory mediator 
related to obesity and systemic insulin resis-
tance [16, 17]. Additionally, ANGPTL2 is associ-
ated with chronic inflammation from several 
diseases such as renal fibrosis [18], rheuma-
toid arthritis [19], and atherosclerosis [20]. A 
study on periodontal disease has shown that 
ANGPTL2 regulated Porphyromonas gingivalis 
lipopolysaccharide-induced inflammatory cyto-
kines in human gingival epithelial cells and that 
the concentration of ANGPTL2 measured in 
gingival crevicular fluid increased in chronic 
periodontitis patients [21]. Moreover, ANGPTL2 
plays essential roles in cell differentiation, 
including that of adipocytes [17], chondrocytes 
[22], and osteoblasts [23]. However, the func-
tion of ANGPTL2 in cementoblast differentia-
tion and the underlying mechanisms have not 
been clarified.

Here, we aimed to investigate the expression 
pattern and explicit role of ANGPTL2 in ceme- 
ntoblast differentiation and to clarify which si- 
gnaling pathways are involved in the differen- 
tiation process. Our data analysis suggests 
that ANGPTL2 is an indispensable molecule in 
cementoblast differentiation.

Materials and methods

Cell culture

An immortalized mouse cementoblast cell line 
OCCM-30 [10] was kindly provided by Dr. 
Martha J. Somerman (National Institutes of 
Health, Bethesda, MD, USA) and was cultured 
as previously described [24, 25]. Briefly, the 
cells were cultured in Dulbecco’s Modified 

confluence, the culture medium was replaced 
with the osteogenic induction medium (OIM) 
containing 5% FBS supplemented with 10  
mM Naβ-glycerophosphate (Sigma-Aldrich, St. 
Louis, MO, USA) and 50 μg/mL ascorbic acid 
(Sigma-Aldrich).

Quantitative real-time PCR (qRT-PCR)

Total RNA was isolated using TRIzol reagent 
(Invitrogen, Santa Clara, CA, USA). First-strand 
cDNA was transcribed from 1 μg RNA using a 
HiScript® II 1st Strand cDNA Synthesis Kit 
(Vazyme Biotech Co., Ltd., NanJing, China). 
Quantitative real-time polymerase chain reac-
tion (qRT-PCR) was conducted in triplicate on 
the QuantStudio 6™ (Applied Biosystems Corp., 
Foster City, CA, USA) using ChamQ™ SYBR® 
qPCR Master Mix (Vazyme). Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) was deter-
mined to be the internal reference and the 
value of 2-ΔΔCT was used for calculating the rela-
tive fold changes. The primer sequences are 
presented in Table 1.

Western blot analysis

Total protein was collected using M-PER ma- 
mmalian protein extraction reagent (Thermo 
Fisher Scientific, Waltham, MA, USA) contain- 
ing phenylmethanesulfonyl fluoride and ph- 
osphatase inhibitors (Roche Applied Science, 
Penzberg, Germany). After centrifugation at 
13000 × g at 4°C for 15 min, the protein in the 
supernatant was collected and measured us- 
ing a bicinchoninic acid assay kit (Beyotime). 
Subsequently, 30 μg protein was loaded onto 
10%-12% sodium dodecyl sulfate (SDS) poly-
acrylamide gel and transferred onto a polyvi-
nylidene difluoride (PVDF) membrane (Millipo- 
re, Billerica, MA, USA). The membranes were 
blocked with 5% nonfat milk for 1 h at room 
temperature and then incubated overnight at 

Table 1. Primers used for qRT-PCR
Genes Forward primer (5’-3’) Revers primer (3’-5’)
Gapdh GGAGATTGTTGCCATCAACGA GAAGACACCAGTAGACTCCACGACA
Sp7 CCTCTCGACCCGACTGCAGATC AGCTGCAAGCTCTCTGTAACCATGAC
Bglap GAGGACCATCTTTCTGCTCACT CGGAGTCTGTTCACTACCTTATTG
Bsp GAGCCTCGTGGCGACACTTA AATTCTGACCCTCGTAGCCTTCATA
Alp TGTGGAATACGAACTGGATGAG ATAGTGGGAATGCTTGTGTCTG
Angptl2 GGAGGTTGGACTGTCATCCAGAG GCCTT GGTTCGTCAGCCAGTA

Eagle’s Medium (HyClone, 
USA) containing 10% fetal 
bovine serum (FBS; Gibco) 
and 1% penicillin/strepto- 
mycin and were incubated in 
a humidified atmosphere of 
5% CO2 at 37°C. The cells 
were seeded in 12-well pla- 
tes at a density of 1 × 105 
cells/well to induce osteog- 
enic differentiation. At 80% 
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4°C with primary antibodies for ANGPTL2 (2 
μg/mL; R&D Systems, Minneapolis, MN, USA), 
BSP (1:1000; Cell Signaling Technology, Dan- 
vers, MA, USA), OCN (1:500; Abcam, Cambridge, 
UK), OSX (1:1000; Abcam), β-catenin (1:5000; 
Abcam), P-ERK1/2 (1:1000; Cell Signaling Te- 
chnology), total ERK1/2 (1:1000; Cell Signaling 
Technology), P-JNK (1:1000; Cell Signaling Te- 
chnology), total JNK (1:1000; Cell Signaling 
Technology), P-P38 (1:1000; Cell Signaling Te- 
chnology), total P38 (1:1000; Cell Signaling 
Technology), and β-actin (1:15000; Proteintech), 
followed by horseradish peroxidase-conjugated 
secondary antibodies (1:10000; Proteintech) 
for 1 h at room temperature. The membranes 
were visualized using an enhanced chemilumi-
nescence (ECL) kit (Advansta Inc., Menlo Park, 
CA, USA) and detected using X-ray films or the 
Odyssey LI-CDR scanner (BD Biosciences, San 
Jose, CA, USA). The protein density was calcu-
lated using Image J software.

Immunofluorescence staining

ANGPTL2 expression was examined using an 
immunofluorescence assay. OCCM-30 cells 
were fixed with 4% paraformaldehyde for 15 
min and treated with 0.5% Triton X-100 for 15 
min for permeabilization. The cells were then 
incubated in 10% normal goat serum at 37°C 
for 60 min and with primary antibodies again- 
st ANGPTL2 (1:50; Proteintech) at 4°C over-
night, followed by goat anti-rabbit secondary 
antibody conjugated to fluorescein isothioc- 
yanate (1:150; ZSGB-BIO). After washing with 
PBS, the coverslips were mounted using a fl- 
uorescent mounting medium with 4’,6-dia- 
midino-2-phenylindole (ZSGB-BIO). The images 
were observed under a fluorescence micro-
scope and photographed.

Plasmid construction and lentivirus transduc-
tion

Short-hairpin (sh) RNA targeting the mouse 
ANGPTL2 named “SH-ANGPTL2” and a nontar-
get control shRNA named “SH-NC” were pro-
vided by Shanghai Genechem Co., Ltd. (China). 
The lentiviral vector was transfected into 293E 
cells together with pMD2.G and psPAX2. The 
culture supernatant was collected after 48 and 
72 h and then filtrated using a 0.45 μm filter 
(Millipore). OCCM-30 cells were infected with 
lentivirus including polybrene (5 μg/mL) for 6 h, 

after which the complete culture medium was 
replaced. The transfected cells were prepared 
for future experiments.

Cell Counting Kit-8 cell proliferation assay

The effect of ANGPTL2 on cell proliferation was 
evaluated using the Cell Counting Kit (CCK)-8 
assay (Dojindo Molecular Technology, Japan). 
The cells were seeded in 96-well plates at 
4000 cells/well. The culture medium was ch- 
anged to 10 μL CCK-8 reagent mixed with 90 
μL complete medium at the indicated time 
points. The plates were then incubated at 37°C 
for 150 min, and the absorbance was mea-
sured at 450 nm.

Alkaline phosphatase staining and alkaline 
phosphatase activity assay

After osteogenic induction for 4 days, OCCM-30 
cells were examined using ALP staining and 
assayed for ALP activity. For ALP staining, the 
cells were stained with nitro-blue tetrazoli- 
um and 5-bromo-4-chloro-3’-indolyphosphate 
(NBT/BCIP) (Beyotime) for 15 min and photo-
graphed according to the instructions. ALP 
activity was evaluated using a kit provided by 
Jiancheng (Nanjing, China), and the results 
were relative to the total protein concen- 
tration. 

Alizarin red staining

After the OCCM-30 cells were cultured in OIM 
for 10 days, mineralized nodules were evaluat-
ed using Alizarin Red staining. The cells were 
treated with 1% Alizarin Red solution (pH 4.2) 
for 15 min after being fixed in 4% paraformalde-
hyde. The plates were photographed with a 
camera. After the images of nodules were ob- 
tained, the mineralized nodules were desorbed 
with 10% cetylpyridinium chloride, and the 
absorbance of the solution was read at 562 
nm.

Statistical analysis

All values are expressed as the means ± stan-
dard deviation (SD). Statistical analysis was 
performed using SPSS 16.0 (SPSS Inc., Chi- 
cago, IL, USA). The Student’s t-test was used  
to compare results between the two groups 
and one-way analysis of variance (ANOVA) was 
used to compare results among more than two 
groups. The post hoc Tukey test or post hoc 
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Figure 1. Immunofluorescence staining for ANGPTL2 expression and lentivirus infection of OCCM-30 cells. The ef-
fect of ANGPTL2 downregulation on cell proliferation. A. Immunofluorescence assay demonstrated that ANGPTL2 
was located in the cytoplasm of OCCM-30 cells. B, C. The mRNA and protein levels of ANGPTL2 were examined by 
qRT-PCR and Western blotting on days 0, 4, 7, and 11. The expression level of ANGPTL2 gradually increased during 
osteogenic differentiation of OCCM-30 cells. The 0 day group was set as the control. *P < 0.05, **P < 0.01 (one-
way ANOVA with post hoc Dunnett test). D. mRNA levels of osteogenic markers Bsp and Bglap were examined by 
qRT-PCR on days 0, 4, 7 and 11 during osteogenic differentiation of OCCM-30 cells. ***P < 0.001 (one-way ANOVA 
with post hoc Dunnett test). E, F. After infection of the cells with lentivirus and selection with puromycin (2 μg/mL) 
for 7 days, the mRNA and protein levels of ANGPTL2 significantly decreased in the SH-ANGPTL2 group compared 
with SH-NC group. **P < 0.01 (Student’s t-test). G. Knockdown of ANGPTL2 inhibited cell proliferation as seen using 
the CCK-8 assay. **P < 0.01 vs SH-NC (Student’s t-test). All data were based on three independent experiments. 
Values are presented as the mean ± SD.
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Figure 2. ANGPL2 knockdown suppressed cementoblast differentiation. A-D. mRNA levels of Sp7, Alp, Bglap, and 
Bsp were examined by qRT-PCR on days 4 and 7, and the expression levels in the knockdown group were lower 
than those in the SH-NC group during osteogenic differentiation of OCCM-30 cells. *P < 0.05, **P < 0.01 vs SH-
NC (Student’s t-test). E. The protein levels of osterix (OSX), bone sialoprotein (BSP), and osteocalcin (OCN) were 
detected by Western blotting on day 7 during osteogenic differentiation of OCCM-30 cells. F. Histograms represent-
ing the quantification of OSX, OCN, and BSP protein levels were obtained using Image J. *P < 0.05, **P < 0.01 vs 
SH-NC (Student’s t-test). All data were based on at least three independent experiments. Values are presented as 
the mean ± SD.
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Dunnett test was conducted if one-way ANOVA 
indicated a significant difference. All experi-
ments were independently performed at least 
three times. P < 0.05 was considered statisti-
cally significant.

Results

The expression of ANGPTL2 was upregulated 
during cementoblast differentiation

Immunofluorescence assay demonstrated that 
ANGPTL2 was located in the cytoplasm of the 

After the cells were cultured in OIM for 4 and 7 
days, qRT-PCR was conducted to assess the 
expression levels of osteogenic genes. Com- 
pared with the SH-NC group, the mRNA expres-
sion levels of Sp7 (P < 0.05 for day 4 and P < 
0.01 for day 7, Figure 2A), Bglap (P < 0.01, 
Figure 2B), Alp (P < 0.01 for day 4 and P < 0.05 
for day 7, Figure 2C), and Bsp (P < 0.05, Figure 
2D) were suppressed in the ANGPTL2 knock-
down group. Moreover, the assessment of the 
protein levels using Western blotting revealed 
similar downward trends on day 7 (Figure 2E, 
2F). The original western images were showed 

Figure 3. ANGPL2 knockdown suppressed ALP activity, ALP staining, and 
mineralized nodules. A. ALP staining was conducted on day 4 during osteo-
genic differentiation of OCCM-30 cells. The cells were stained with nitro-blue 
tetrazolium and 5-bromo-4-chloro-3’-indolyphosphate (NBT/BCIP) for 15 min 
and photographed. Additionally, the attenuated ALP staining intensity was 
observed in the knockdown group compared to that in the SH-NC group. B. 
A kit for ALP activity assay was used and the data were normalized to total 
protein level. Downregulation of ANGPTL2 had an evident inhibitory effect 
on the ALP activity of OCCM-30 cells. **P < 0.01 vs SH-NC (Student’s t-
test). C. Alizarin Red staining of the OCCM-30 cells was detected on day 10. 
There were fewer calcified nodules in the knockdown group than in the SH-
NC group. D. Mineralized nodules were desorbed with 10% cetylpyridinium 
chloride, and the absorbance of the solution was read at 562 nm. *P < 0.05 
vs SH-NC (Student’s t-test). Values are presented as the mean ± SD.

OCCM-30 cells (Figure 1A). 
These cells were cultured in 
OIM for 0, 4, 7, and 11 days to 
investigate whether ANGPTL2 
expression was influenced 
upon cementoblast differenti-
ation. The increase of ANG- 
PTL2 expression in a time-
dependent manner was con-
firmed at mRNA and protein 
levels (P < 0.01, Figure 1B, 
1C). The expression of osteo-
genic gene markers Bsp and 
Bglap also continually increa- 
sed (P < 0.001, Figure 1D), 
indicating that the cells were 
successfully osteogenic indu- 
ced.

ANGPTL2 knockdown sup-
pressed cementoblast differ-
entiation

To further identify the func- 
tion of ANGPTL2 during ce- 
mentoblast differentiation, we 
silenced ANGPTL2 expression 
using SH-ANGPTL2 lentivirus 
and adopted SH-NC as the 
negative nontarget control. Tr- 
ansfection efficiency was ev- 
aluated using qRT-PCR and 
Western blotting (P < 0.01, 
Figure 1E, 1F). The original 
western images were showed 
in Figure S1. A CCK-8 assay 
was conducted to explore the 
effect of ANGPTL2 on cell pr- 
oliferation and showed that 
ANGPTL2 downregulation su- 
ppressed the proliferation of 
OCCM-30 cells (P < 0.01, 
Figure 1G).
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in Figure S2. Evident decreased matrix mineral-
ization in the ANG-PTL2 knockdown group was 
also observed, including low ALP activity (P < 

0.01, Figure 3B), attenuated ALP staining inten-
sity (Figure 3A) and reduced mineralized nod-
ules (P < 0.05, Figure 3C, 3D). These results 

Figure 4. Activation of the MAPK signaling pathway by ANGPTL2 downregulation. A. Four different signaling path-
ways were detected by Western blotting-ERK1/2, P38, JNK, and β-catenin after ANGPTL2 inhibition. B-E. Histograms 
representing quantification of (phospho-ERK1/2)/(total ERK1/2), (phospho-P38)/(total P38), (phospho-JNK)/(total 
JNK), and (β-catenin)/(β-actin) ratios obtained by Image J. The results show that phospho-ERK1/2 was significantly 
enhanced after ANGPTL2 silencing. *P < 0.01 vs SH-NC (Student’s t-test). F. The protein levels of (P-ERK1/2)/(total 
ERK1/2) significantly decreased after the cells were treated with PD98059 (10 μM) in dimethyl sulfoxide (DMSO) 
for 6 h compared with those treated with DMSO alone. Values are presented as the mean ± SD.
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Figure 5. Decreased differentiation capability of cemento-
blast could be partially rescued by inhibition of ERK1/2 sig-
naling pathway. A. The mRNA expression levels of Alp, Sp7, 
Bglap, and Bsp were measured by qRT-PCR in SH-NC and SH-
ANGPTL2 cementoblast after PD98059 or DMSO treatment 
on day 4. B, C. The protein levels of OSX, OCN, and BSP were 
examined by Western blotting on day 7 in SH-NC and SH-AN-
GPTL2 cementoblast after PD98059 or DMSO treatment. The 
results demonstrated that the repressed levels of osteogenic 
markers were partially rescued in the PD98059-treated SH-
ANGPTL2 group as compared with those in the DMSO-treated 
SH-ANGPTL2 group. D-F. Histograms representing the quan-
tification of OSX, OCN, and BSP protein levels were obtained 
from Image J. All data are based on at least three indepen-
dent experiments. Values are presented as the mean ± SD. 
*P < 0.05, **P < 0.01, ***P < 0.001 vs DMSO-treated SH-
ANGPTL2 (one-way ANOVA with post hoc Tukey test).
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demonstrated that inhibition of ANGPTL2 re- 
markably suppressed cementoblast differenti- 
ation.

Activation of the MAPK signaling pathway by 
ANGPTL2 downregulation

To further elucidate the molecular mechanisms 
of ANGPTL2 during cementoblast differentia-
tion, we evaluated the effects of ANGPTL2 
silencing on four different signaling pathways: 
ERK1/2, P38, JNK, and Wnt/β-catenin. The re- 
sults of Western blotting indicated that phos-
pho-ERK1/2 (P < 0.01, Figure 4A, 4B) was sig-
nificantly enhanced and that phospho-JNK (P < 
0.01, Figure 4A, 4D) was slightly promoted 
after ANGPTL2 silencing compared with those 
in the SH-NC group. However, the P38 (Figure 
4A, 4C) and Wnt/β-catenin signaling pathways 
(Figure 4A, 4E) showed no statistical differen- 
ce between the two groups. The original west-
ern images were showed in Figure S3. There- 
fore, the data suggested that the ERK1/2 sig-
naling pathway was crucial during ANGPTL2-
mediated cementoblast differentiation.

Decreased differentiation capability of ce-
mentoblast could be partially rescued by inhib-
iting the ERK1/2 signaling pathway

To further clarify the relationship between 
ANGPTL2 and the ERK1/2 signaling pathway, 
which showed the most evident change amo- 
ng the MAPK signaling pathways, we validated 
the effects of PD98059 treatment on OCCM-
30 cells differentiation. The protein level of 
P-ERK1/2 significantly decreased after the 
cells were treated with 10 μM PD98059 in 
dimethyl sulfoxide (DMSO) for 6 hours (Figure 
4F). Meanwhile, the repressed mRNA levels  
of Alp (P < 0.05, Figure 5A), Bglap (P < 0.01, 
Figure 5A), Sp7 (P < 0.05, Figure 5A), and Bsp 
(P < 0.001, Figure 5A) were partially rescued  
in the PD98059-treated SH-ANGPTL2 group 
compared with those in the DMSO-treated 
SH-ANGPTL2 group on day 4. In addition, the 
results of Western blotting showed that the  
protein levels of OSX (P < 0.001, Figure 5B, 
5D), OCN (P < 0.01, Figure 5B, 5E), and BSP (P 
< 0.001, Figure 5C, 5F) were also recovered, 
which was in accordance with the results of 
qPCR. And the original western images were 
showed in Figure S4. Moreover, the results 
were further supported by ALP staining, ALP 
activity assay, and Alizarin Red staining, includ-

ing high ALP activity (P < 0.001, Figure 6B), 
enhanced ALP staining intensity (Figure 6A), 
and increased mineralized nodules (P < 0.001, 
Figure 6C, 6D) in the PD98059-treated ANG- 
PTL2-SH group compared with those in the 
DMSO-treated ANGPTL2-SH group. Collectively, 
decreased differentiation capability of cement-
oblast due to ANGPTL2 downregulation could 
be partially rescued by inhibiting the ERK1/2 
signaling pathway.

Discussion

Tooth cementum, a bone-like mineralized tis-
sue, is an indispensable part of periodontal tis-
sues [7]. New cementum formation is regarded 
as the gold standard for successful periodontal 
regeneration [26]. Therefore, exploring the key 
molecular and underlying mechanisms that 
regulate cementoblast differentiation is essen-
tial for cementum regeneration. ANGPTL2 plays 
a vital role in cell differentiation, such as that of 
adipocytes [17], chondrocytes [22], and osteo-
blasts [23]. However, the explicit function of 
ANGPTL2 in cementoblast differentiation and 
the underlying mechanisms have not been clar-
ified. In this study, we confirmed that ANGPTL2 
knockdown suppressed cementoblast differen-
tiation partially by activating the ERK1/2 signal-
ing pathway. This is the first study to explore the 
function of ANGPTL2 in periodontal tissue 
regeneration. 

In this study, we observed that the expression 
of ANGPTL2 gradually increased during cement-
oblast differentiation, the result of which was 
similar to that during adipocyte differentiation 
[17]. However, ANGPTL2 gradually decreased 
during osteoblast and chondrocyte differen- 
tiation, indicating that ANGPTL2 may play a 
vital role in cell differentiation. After the shRNA 
lentivirus was used to knockdown ANGPTL2 
expression, the mRNA and protein levels of 
osteogenic markers, ALP activity, and mineral-
ized nodules significantly decreased. These 
results were in accordance with those of osteo-
blast and chondrocyte differentiation. Inhibition 
of ANGPTL2 using siRNA markedly inhibited the 
expression levels of ALP and OSX in MC3T3-E1 
and primary osteoblasts [23]. We had previ-
ously reported that OSX was indispensable and 
critical for the formation of new cellular cemen-
tum [9]. In addition, ANGPTL2 contributed to 
chondrocyte differentiation, and ANGPTL2 kno- 
ckout mice showed slower long bone growth 
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from neonatal to adult stages because of weak-
ened chondrocyte differentiation [22]. Although 
the expression pattern of ANGPTL2 varies in 
different cell types, the effects of ANGPTL2 on 
cell differentiation are similar.

Previous studies have confirmed that ANGPTL2 
could regulate metastasis of osteosarcoma 
cells, proliferation and invasion of glia cells, 
inflammatory responses of peritoneal cells, 
and chondrocyte differentiation through MAPK 

Figure 6. Decreased ALP activity and mineralized nodules could be partially rescued by inhibiting the ERK1/2 
signaling pathway. A. SH-NC and SH-ANGPTL2 cementoblast were stained with ALP after PD98059 or DMSO treat-
ment on day 4. The cells were stained with NBT/BCIP for 15 min and photographed. B. ALP activity was measured 
in SH-NC and SH-ANGPTL2 cementoblast after PD98059 or DMSO treatment on day 4. The results were normalized 
to total protein levels. The ALP activity increased after inhibiting the ERK1/2 signaling pathway using PD98059. 
C. Four groups were stained with Alizarin Red on day 10, and there were more calcified nodules in the PD98059-
treated ANGPTL2-SH group than in the DMSO-treated ANGPTL2-SH group. D. Mineralized nodules in the four groups 
were desorbed with 10% cetylpyridinium chloride, respectively, and absorbance of the solution was read at 562 nm. 
All data were based on at least three independent experiments. Values are presented as the mean ± SD. ***P < 
0.001 vs DMSO-treated SH-ANGPTL2 (one-way ANOVA with post hoc Tukey test).
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signaling pathways [27-29]. ANGPTL2 has also 
been reported to control epithelial regenera-
tion and homeostasis through the BMP and 
WNT/β-catenin signaling pathways [30]. Here 
we examined whether these pathways were 
activated by ANGPTL2 inhibition in OCCM-30 
cells. The results showed that ERK1/2 signal-
ing pathway was significantly enhanced after 
ANGPTL2 inhibition. The ERK1/2 cascade plays 
important roles in osteogenic induction of vari-
ous cell types, but the exact function is contro-
versial. For example, ERK1/2 inhibition enhanc-
es early osteoblastic cells and C2Cl2 pluripo-
tent mesenchymal cell differentiation and min-
eralization [31]. However, ERK1/2 inhibition 
suppresses the osteogenic differentiation of 
human adipose-derived and dental pulp stem 
cells [32, 33]. In this study, the expression lev-
els of osteogenic markers, ALP activity, and the 
number of calcified nodules were enhanced 
after inhibiting ERK1/2 using PD98059. The 
results indicated that ERK1/2 inhibition could 
rescue the decreased differentiation capability 
of cementoblast due to ANGPTL2 knockdown. 
Similarly, the data were consistent with those 
of a previous report which showed that ERK1/2 
inhibition promoted cementoblast differentia-
tion [34].

The results of our study indicated that the ex- 
pression level of ANGPTL2 gradually increased 
during cementoblast differentiation. However, 
whether the transcription factors or upstream 
molecules regulated ANGPTL2 expression re- 
mained unknown. Our previous studies have 
indicated that microRNA-155-3p and microR-
NA-3064-3p regulated cementoblast differen-
tiation through KCTD1 and DKK1, respectively 
[24, 35]. Some studies have demonstrated that 
microRNA-25 and microRNA-221 bond directly 
to the 3’-untranslated region of Angptl2 to influ-
ence the growth and migration of tumor cells 
[36, 37]. Therefore, further research is required 
to determine the regulatory mechanism of 
ANGPTL2-related microRNA in cementoblast 
differentiation

In conclusion, this study illustrated the expres-
sion pattern of ANGPTL2 during cementoblast 
differentiation. After ANGPTL2 was downregu-
lated using shRNA, the expression levels of 
osteogenic markers, ALP activity, and the num-
ber of calcified nodules dramatically decreased 
compared with those in the negative control. 

Moreover, we confirmed that PD98059 treat-
ment partially rescued the decreased differen-
tiation capability of cementoblast that was 
caused by ANGPTL2 downregulation. In sum-
mary, our data clarified that ANGPTL2 down-
regulation suppressed cementoblast differen-
tiation partially by activating the ERK1/2 signal-
ing pathway. Moreover, our study suggested 
that ANGPTL2 was a molecule that was indis-
pensable for cementum reconstruction and 
periodontal tissue regeneration.
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Figure S1. A. OCCM-30 cells were cultured in osteogenic induction medium for 0, 4, 7, and 11 days. The protein 
samples were collected at the indicated time. B. The protein level of ANGPTL2 was examined after infection of cells 
with the relevant lentivirus. Each protein was loaded on 10% sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) gel and transferred onto a PVDF membrane. The membranes were visualized with an ECL kit 
(Advansta Inc., Menlo Park, CA, USA) and detected with X-ray films or Odyssey LI-CDR scanner (BD Biosciences, San 
Jose, CA, USA). β-actin was used as internal control. Notes: Blank, cells without lentivirus infection; SH-NC, SH-NC 
lentivirus infection; SH-A2, SH-ANGPTL2 lentivirus infection.

Figure S2. The protein levels of the expression of osterix (OSX), bone sialoprotein (BSP), and osteocalcin (OCN) were 
detected by Western blotting after osteogenic differentiation of OCCM-30 cells for 7 days. Each protein was loaded 
onto 10% (for BSP, OSX) or 12% SDS-PAGE (for OCN) gel and transferred onto a PVDF membrane. The membranes 
were visualized with an ECL kit (Advansta) and detected with X-ray films. β-actin was used as an internal control. 
Notes: SH-NC, SH-NC lentivirus infection; SH-A2, SH-ANGPTL2 lentivirus infection.
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Figure S3. A. After ANGPTL2 inhibition, four different signaling pathways were detected by Western blotting-ERK1/2, 
P38, JNK, and β-catenin. B. The transfected cells were treated with 10 uM PD98059 in dimethyl sulfoxide (DMSO) or 
DMSO alone and proteins were collected after 6 h. Each protein was loaded onto 10% SDS-PAGE gel and transferred 
onto a PVDF membrane. The membranes were visualized with an ECL kit (Advansta) and detected with Odyssey LI-
CDR scanner (BD biosciences, USA). Notes: SH-NC, SH-NC lentivirus infection; SH-A2, SH-ANGPTL2 lentivirus infec-
tion; DMSO, DMSO treatment; PD, PD98059 treatment.

Figure S4. The protein levels of OSX, OCN and BSP were examined by Western blotting on day 7 in SH-NC and SH-
ANGPTL2 cementoblast after PD98059 or DMSO treatment. Each protein was loaded onto 10% (for BSP,) or 12% 
(for OCN and OSX) SDS-PAGE gel and transferred onto a PVDF membrane. The membranes were visualized with 
an ECL kit (Advansta) and detected with Odyssey LI-CDR scanner (BD biosciences, USA). β-actin was used as the 
internal control. Notes: SH-NC, SH-NC lentivirus infection; SH-A2, SH-ANGPTL2 lentivirus infection; DMSO, DMSO 
treatment; PD, PD98059 treatment.


