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RAPID COMMUNICATION
CTGF/CCN2 promotes the proliferation of
human osteosarcoma cells via cross-talking
with the stromal CXCL12/CXCR4-AKT-avb3
signaling axis in tumor microenvironment
Osteosarcoma (OS) is the most common histological form
of primary bone cancer in childhood cancer and young
adults. At present, OS is widely investigated because of the
interaction between the tumor and bone microenviron-
ment and the effect of such interaction on OS progression
and metastasis.1 The connective tissue growth factor
(CTGF), also known as cellular communication network
factor 2 (CCN2), is a secreted extracellular matrix-associ-
ated protein. CTGF is as active as the regulators of
signaling activities of several different pathways and an
orchestrator of their cross-talk.2 Therefore, we conducted
experiments to investigate the effects of CTGF on OS
tumor progress and the cross-talk with stromal cells in the
tumor microenvironment.

We evaluated the endogenous expression of CTGF in
stromal cells and OS cell lines, including mouse embryonic
mesenchymal stem cells C3H10T1/2, mouse embryo fibro-
blasts (MEFs), human bone marrow stromal cells HS-5, as
well as human osteosarcoma cells MG-63, 143B, SaOS2, and
U2OS, via quantitative reverse transcription PCR (qRT-PCR)
analysis and Western blot (Fig. S1A, B). Our results showed
that both 143B and HS-5 cells expressed lower levels of
CTGF. Previous studies demonstrated the capacity of HS-5
to reproduce MSCs and influence tumor biology3; thus, we
selected the human HS-5 and 143B cell lines for subsequent
experiments. Aimed at investigating the effects of CTGF on
OS cell growth in the tumor microenvironment, the 143B
cells were treated with recombinant adenoviruses
expressing CTGF (Ad-CTGF) or green fluorescent protein
(Ad-GFP), and co-cultured with HS-5 cells for 48, 72, and
96 h. Then, the cell viability and cell cycles were examined
by MTT assay and flow cytometry, respectively. As shown in
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Figure 1A, the cell viability of co-cultured 143B cells
treated with Ad-CTGF (Co-CTGF group) was significantly
promoted at 72 h and more significant increase was
observed at 96 h compared with that of the co-cultured
143B cells treated with Ad-GFP group (Co-GFP group).
Furthermore, the flow cytometry results showed that the
percentage of S phase in Co-CTGF group was increased from
35.96% � 3.12%e42.74% � 4.42% (P < 0.05 vs. Co-GFP
group) (Fig. 1B, C). This finding demonstrates the capacity
of CTGF to promote the proliferation of 143B cells in the co-
culture system. Wound-healing assay and Transwell assay
were used to detect the potential capacity of migration and
invasion induced by CTGF in the co-culture system. More-
over, a cell invasion assay was performed by Transwell
chambers with matrigel. After co-cultivation for 48 h, the
wound-closure rate (Fig. 1D, I), and the number of migra-
tion cells (Fig. 1E, F) and invasion cells (Fig. 1G, H) in the
Co-CTGF group was significantly increased relative to those
of the Co-GFP group and Co-Blank group. Our data show
that CTGF promotes migration and invasion of 143B cells in
the co-culture system in vitro.

In vivo tumorigenicity assay is a crucial experiment for
determining whether CTGF affects the property of OS cells
when co-cultured with HS-5 cells. According to our data,
CTGF accelerated the growth of 143B tumors mediated by
HS-5 cells. No significant difference was observed among the
three groups at the beginning, but the tumor volumes
became palpable after 20 days. Tumor tissues excised from
the three groups after 40 days was shown in Figure 1J. On
the average, the group transfected with Ad-CTGF alone grew
from 531 to 1276.7 mm3 and the co-culture group without
Ad-CTGF grew from 623 to 1570 mm3, whereas the co-cul-
ture group with Ad-CTGF grew from 842 to 2353.3 mm3

(Fig. 1K). Our results are consistent with the in vitro obser-
vation in which CTGF markedly promoted 143B cells growth
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Figure 1 CTGF/CCN2 promotes the proliferation of human osteosarcoma cells via cross-talking with the stromal CXCL12/CXCR4-
AKT-avb3 signaling axis in tumor microenvironment. (A) 143B cells in the Co-CTGF group were infected with Ad-CTGF for 24, 48,
72 h, and 96 h. At the end of the indicated time, cells viability was determined by MTT assays. The results represent the mean
absorbance � SD of three independent experiments (*P < 0.05 vs. Co-GFP group). (B, C) 143B cells cultured in the Co-CTGF group
for 72 h. Cell cycle distribution was analyzed by flow cytometry. Data are presented as the means values � SD of three independent
measurements (*P < 0.05 vs. Co-GFP group). (D, I) Wound healing assay and (E, F) Transwell assay measured cell horizontal and
vertical migration. 143B cells were cultured in Co-Blank, Co-GFP, Co-CTGF group for 24 and 48 h in wound healing assay and for 48 h
in Transwell assay. Data are presented as mean values � SD of three individual measurements. Magnification, � 100. (G, H) Cell
invasion property was measured by Transwell invasion assay. 143B cells were cultured in each group for 48 h. Data are reported as
mean values � SD of three individual measurements. The quantification data were located right. Magnification, � 100. (*P < 0.05 or
***P < 0.001 vs. Co-GFP group). (J) Excised tumor tissues from the three groups. (K) Tumor growth curves of the three groups. nZ 4
mice/group. Data are reported as mean � SD. (*P < 0.05 or **P < 0.01 vs. 143B þ HS-5 group). (L, M) qRT-PCR assay determined the
mRNA levels of chemokines in HS-5 cells and their special ligands in 143B cells after over 3-days’ co-culture (*P < 0.05 or **P < 0.01
vs. Co-GFP group). (N) Western blot detected the expression levels of CXCL12 and CXCR4 proteins. Quantification data are on the
lower panel. Data are reported as mean values � SD of three individual measurements (*P < 0.05 vs. Co-GFP group). (O) qRT-PCR
assay determined the mRNA expression of integrins in 143B cells after over 3-days’ co-culture (**P < 0.01 or ***P < 0.001 vs. Co-GFP
group). (P) Integrin avb3 protein expression of 143B cells in each group over 3-days’ co-culture were verified by Western blot.
Quantification data are on the right panel (*P < 0.05 vs. Co-GFP group). (Q) The expression levels of integrin avb3 and phos-
phorylation of AKT in 143B cells in each group after 3-days’ co-culture were detected by Western blot. Quantification data are on
the right panel. Data are reported as mean values � SD of three individual measurements (*P < 0.05 or **P < 0.01 vs. Co-GFP
group).
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when mediated by HS-5 cells. However, the hematoxylin
and eosin (H&E) staining did not show any variances in the
heterogeneity of the three groups (Fig. S1C). Furthermore,
tumor cells were not found in the lung tissues of the three
groups.

In the cross-talk of tumorestromal cells, chemokine/
chemokine receptor loops participated in the promotion of
tumor cell survival and metastasis.4 We evaluated several
chemokines of HS-5 cells in each group on day 3. The mRNA
level of CXCL12 was only upregulated in the Co-CTGF group
(Fig. 1L). Then, we examined the expression levels of mRNA
in relation to the chemokine receptors in the 143B cells and
found that the mRNA expression level of CXCR4 was
enhanced significantly (Fig. 1M). As for the Western blot
assay, it revealed a significant increase in the protein levels
of CXCR4 in the 143B cells and CXCL12 in the HS-5 cells of
the Co-CTGF group (Fig. 1N). Previous research found that
b1 integrin is functionally associated with enhanced tumor
growth in CXCR4-overexpressed HOS cells.5 Therefore, we
investigated the mRNA level of several integrins in 143B
cells via qRT-PCR. avb3 was upregulated in the Co-CTGF
group (Fig. 1O). The result of the Western blot was
consistent with that of qRT-PCR (Fig. 1P). Furthermore,
previous data indicate that the PI3K-AKT pathway is
involved in the cross-talk of chemokines/integrin. To
determine the potential mechanism of the CXCL12/CXCR4
axis in the upregulated integrin avb3 mediated by CTGF in
the co-cultured system, we pre-treated the 143B cells with
AMD3100, a CXCR4 blocker. As shown in Figure 1Q, the
increased expressions of avb3 and phosphorylation of Akt in
the CTGF-overexpressed 143B cells in the co-cultured sys-
tem were inhibited after blocking CXCR4. Our results
demonstrated the capacity of CTGF to enhance the
expression of CXCL12/CXCR4 in the tumor-stromal inter-
cellular, which increased the phosphorylation of AKT and
then enhanced the expression of integrin avb3 in 143B
cells.

In conclusion, we revealed the capacity of CTGF to
induce the proliferation of OS cells via cross-talking with
the stromal CXCL12/CXCR4-AKT-avb3 signaling pathway in
the tumor microenvironment. Our data can provide new
insights into how CTGF aggravates the pathogenesis of OS
from the perspective of signal communication between
tumor and stromal cells.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at
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References

1. Yang C, Tian Y, Zhao F, et al. Bone microenvironment and os-
teosarcoma metastasis. Int J Mol Sci. 2020;21(19):6985.

2. Leguit RJ, Raymakers RAP, Hebeda KM, Goldschmeding R. CCN2
(Cellular Communication Network factor 2) in the bone marrow
microenvironment, normal and malignant hematopoiesis. J Cell
Commun Signal. 2021;15(1):25e56.

3. Adamo A, Delfino P, Gatti A, et al. HS-5 and HS-27A stromal cell
lines to study bone marrow mesenchymal stromal cell-mediated
support to cancer development. Front Cell Dev Biol. 2020;8:
584232.

4. Weitzenfeld P, Kossover O, Körner C, et al. Chemokine axes in
breast cancer: factors of the tumor microenvironment reshape
the CCR7-driven metastatic spread of luminal-A breast tumors. J
Leukoc Biol. 2016;99(6):1009e1025.

5. Miura K, Uniyal S, Leabu M, et al. Chemokine receptor CXCR4-
beta1 integrin axis mediates tumorigenesis of osteosarcoma HOS
cells. Biochem Cell Biol. 2005;83(1):36e48.

Zhangxu Zhou a,1, Shujuan Yan b,c,1, Ruyi Zhang d,
Hao Wang a, Ziqian Ye a, Zhilun Zhang a, Keyu Li a,

Guowei Zuo a,*

aKey Laboratory of Diagnostic Medicine Designated by the
Chinese Ministry of Education, Department of Laboratory

Medicine, Chongqing Medical University, Chongqing
400016, China

bDepartment of Prenatal Diagnostic Center, Guangzhou
Women and Children’s Medical Centre, Guangzhou Medical

University, Guangzhou, Guangdong 511436, China
cDepartment of Prenatal Diagnosis Center, Guizhou

Provincial People’s Hospital, The Affiliated Hospital of
Guizhou University, Guiyang, Guizhou 510000, China

dDepartment of Obstetrics, First Affiliated Hospital of
Guizhou University of Traditional Chinese Medicine,

Guiyang, Guizhou 550025, China

*Corresponding author. Department of Laboratory Medi-
cine, Chongqing Medical University, 1 Yixueyuan Road,

Yuzhong District, Chongqing 400016, China.
E-mail address: zuoguowei@cqmu.edu.cn (G. Zuo)

17 February 2022
Available online 6 May 2022
1 These authors contributed equally to this work.

https://doi.org/10.1016/j.gendis.2022.04.016
http://refhub.elsevier.com/S2352-3042(22)00114-3/sref1
http://refhub.elsevier.com/S2352-3042(22)00114-3/sref1
http://refhub.elsevier.com/S2352-3042(22)00114-3/sref2
http://refhub.elsevier.com/S2352-3042(22)00114-3/sref2
http://refhub.elsevier.com/S2352-3042(22)00114-3/sref2
http://refhub.elsevier.com/S2352-3042(22)00114-3/sref2
http://refhub.elsevier.com/S2352-3042(22)00114-3/sref2
http://refhub.elsevier.com/S2352-3042(22)00114-3/sref3
http://refhub.elsevier.com/S2352-3042(22)00114-3/sref3
http://refhub.elsevier.com/S2352-3042(22)00114-3/sref3
http://refhub.elsevier.com/S2352-3042(22)00114-3/sref3
http://refhub.elsevier.com/S2352-3042(22)00114-3/sref4
http://refhub.elsevier.com/S2352-3042(22)00114-3/sref4
http://refhub.elsevier.com/S2352-3042(22)00114-3/sref4
http://refhub.elsevier.com/S2352-3042(22)00114-3/sref4
http://refhub.elsevier.com/S2352-3042(22)00114-3/sref4
http://refhub.elsevier.com/S2352-3042(22)00114-3/sref5
http://refhub.elsevier.com/S2352-3042(22)00114-3/sref5
http://refhub.elsevier.com/S2352-3042(22)00114-3/sref5
http://refhub.elsevier.com/S2352-3042(22)00114-3/sref5

	CTGF/CCN2 promotes the proliferation of human osteosarcoma cells via cross-talking with the stromal CXCL12/CXCR4-AKT-αvβ3 s ...
	Conflict of interests
	Funding
	Appendix A. Supplementary data
	References


