
Abstract. Background/Aim: Periostin exists as an extracellular
matrix protein in several carcinomas and is related to metastasis
and poor prognosis. It is mainly secreted from cancer associated
fibroblasts, and not from carcinoma cells. As a tumor
microenvironment component, periostin usually mediates tumor
cell stemness, metastasis, angiogenesis and lymphangiogenesis.
This study aimed to examine the role of periostin in
chondrosarcoma. Materials and Methods: To evaluate the effect
of periostin on the proliferation of chondrosarcoma cells, MTT
assay was performed on SW1353 cells and periostin knockdown
SW1353 cells. Migration activity was examined using Boyden
chamber. Results: Periostin, secreted from chondrosarcoma cells,
was found to support proliferation, and maintain stemness and
migration of chondrosarcoma cells. Periostin also induced
proliferation and migration of lymphatic endothelial cells.
Conclusion: Periostin plays an important role in
chondrosarcoma development and disease progression.

Chondrosarcoma is the second most common bone tumor.
Because it usually grows slowly and rarely metastasizes, its
clinical outcome is generally not serious if adequate surgery
is performed. However, patient’s inconvenience is usually
due to an excessive excision (1). It is difficult to distinguish
between benign enchondroma and malignant low-grade
chondrosarcoma. Radiological findings and clinical
information are used to distinguish them, because the
histological difference is not clear (2, 3). A lot of molecules

have been reported to be involved in the disease progression
such as tumorigenesis, metastasis, angiogenesis, and
lymphangiogenesis (2). However, there is no effective
treatment, because pathological tumorigenesis mechanism of
chondrosarcoma is still not clear.

Tumor tissue is not only composed of tumor cells, but also
other cells, including immune cells, blood endothelial cells,
lymphatic endothelial cells, and fibroblasts. It is well known
that the tumor microenvironment is significantly involved in
tumor progression. The tumor microenvironment contributes
to the maintenance of cancer stemness, and promotion of
invasion, metastasis, angiogenesis, and lymphangiogenesis (4).
Cancer-associated fibroblasts (CAFs) are the most abundant
cell type in the tumor except from tumor cells. CAFs affect
the growth and maintenance of cancers by several secreting
factors (5). Gene expression profiling of CAFs is different
from that of normal fibroblasts in the tissue. Fibroblast-
specific protein (FSP-1), also known as S100A4, the
fibroblast-activating protein (FAP), vimentin, and alpha-
smooth muscle actin (a-SMA) are the typical products of
CAFs (6, 7). Extracellular matrix proteins, also components
of the tumor microenvironment, are mainly secreted by CAFs,
and also support cancer progression by affecting tumor cells,
tumor infiltrating immune cells, blood endothelial cells and
lymphatic endothelial cells (8). Periostin is also secreted from
CAFs, and is frequently overexpressed in various tumors such
as a breast, lung, head and neck and colon cancer (9-12).

Periostin is a 90 kDa extracellular matrix protein composed
of an Emilin-like (EMI) domain and 4 repeated and conserved
fasciclin 1 (FAS1) domains. Integrins αvβ3 and αvβ5, and
DDR1 have been reported as its receptors (13, 14). It exists
normally in periosteum and mediates bone formation (15), and
is often associated with inflammation and fibrosis in adult
tissues (16-18). However, it is abundantly expressed in the
tumor microenvironment. The role of periostin in carcinoma
development is well reported. Periostin exists in the lung pre-
metastatic niche (19) and increased serum periostin is found in

5463

This article is freely accessible online.

Correspondence to: Ha-Jeong Kim, 680 Gukchaebosang-ro, Jung-
gu, Daegu 41944, Republic of Korea. Tel: +82 534204811, Fax:
+82 534243349, e-mail: kimhajeong@knu.ac.kr

Key Words: Periostin, carcinoma, stemness, metastasis, angiogenesis,
lymphangiogenesis, chondrosarcoma.

ANTICANCER RESEARCH 40: 5463-5469 (2020)
doi:10.21873/anticanres.14557

Promotion of Chondrosarcoma Cell Survival, 
Migration and Lymphangiogenesis by Periostin

JI YUN JEONG1, WONJU JEONG2 and HA-JEONG KIM3,4

1Department of Pathology, Kyungpook National University, School of Medicine, Daegu, Republic of Korea;
2Department of Orthopedic Surgery, Kyungpook National University, School of Medicine, Daegu, Republic of Korea;

3Department of Physiology, Kyungpook National University, School of Medicine, Daegu, Republic of Korea;
4BK21 Plus KNU Biomedical Convergence Program, Department of Biomedical Science, 

Kyungpook National University, School of Medicine, Daegu, Republic of Korea



human breast cancer patients with bone metastases (20, 21). It
also supports cancer cell stemness, especially via Wnt signaling
(19, 22). As an extracellular matrix protein, periostin also
induces angiogenesis and lymphangiogenesis (9, 23). It is also
expressed in chondrosarcoma and its expression differs
according to the clinical stage of chondrosarcoma (24). This
study aimed to examine the role of periostin in chondrosarcoma.   

Materials and Methods
Cell culture. The SW1353 human chondrosarcoma cell line was
obtained from American Type Culture Collection and human
lymphatic endothelial cells were obtained from Lonza (Walkersville,
MD, USA). Each cell line was maintained according to the
manufacturer’s protocol. For the generation of periostin knockdown
cells, periostin siRNA obtained from Thermo Fisher Scientific
(Waltham, MA, USA) was used. Control siRNA was also obtained
from Thermo Fisher Scientific. Cells were transiently transfected
with control or periostin siRNA using Lipofectamine 3000
(Invitrogen, MA, USA). A total of 106 cells were plated with 10 ml
of 5% FBS DMEM media and incubated for 72 h in 37˚C.
Conditioned media (CM) were collected and cell particles were
removed using centrifugation. 

Reverse-transcription polymerase chain reaction (RT-PCR) and
quantitative real time PCR. Total cellular RNA was isolated using the
RNA extraction kit (Takara Bio, Otsu, Japan). cDNA was synthesized
from 1 μg total RNA using a cDNA synthesis kit (Takara Bio) according
to the manufacturer’s instructions. The primer pair sequences used were:
human periostin, 5’- AACCAAGGACCTGAAACACG-3’ and 5’-
GTGTCAGGACACGGTCAATG-3’; human collagen II 5’-
CGTCCAGATGACCTTCCTACG-3’ and 5’-TGAGCAGGGCCTT
CTTGAG-3’; human GAPDH, 5’- TCACCACCATGGAGAAGGC-3’
and 5’-GCTAAGCAGTTGGTGGTGCA-3’. Total cDNA was amplified
using Go Taq® Green Master Mix (Promega, Madison, WI, USA) for
25-30 cycles of denaturation at 94˚C for 20 s, annealing at 60˚C for 30
s, and extension at 72˚C for 1 min (for all primers). The products were
resolved on 1.5% agarose-TAE gels at 100 mV and visualized by
ethidium bromide staining. Quantitative real-time PCR was performed
using SYBR Premix Ex Taq from Takara Bio. Data are presented as fold
changes in mRNA expression relative to GAPDH expression.

Western blot analysis. Cell lysates were obtained using a cell lysis
buffer from Cell Signaling Technology (MA, USA) by following
the manufacturer’s instructions. Protein concentration of cell lysates
was measured using Bradford protein assay (Bio-Rad, CA, USA),
and a total of 20 μg protein were loaded on a well of an SDS-
polyacrylamide gel. Gel separated proteins were transferred to the
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Figure 1. Periostin and collagen II expression in chondrosarcoma cells. Three different periostin siRNAs (sR1, sR2, and sR3) and control siRNA (cR) were
transiently transfected to SW1353 cells. Total RNA was extracted, and cDNA were synthesized. (A) Quantitative real time PCR was performed with periostin
primers in SW1353 chondrosarcoma cells (SW, and cR) and periostin knockdown SW1353 cells (sR1, sR2, and sR3). Data are presented as mean±SD from
three individual experiments. *p<0.05 compared with the cR group. (B) Reverse transcriptase PCR was performed with periostin primers and collagen II
primers in SW1353 chondrosarcoma cells (SW, and cR) and periostin knockdown SW1353 cells (sR1, sR2, and sR3). Data are presented one result among
three different independent experiments. (C) Quantitative real time PCR was performed with collagen II primers in SW1353 chondrosarcoma cells (SW,
and cR) and periostin knockdown SW1353 cells (sR1, sR2, and sR3). Data are presented as mean±SD from three individual experiments. (D) Periostin
protein expression. Immunoblot assay was performed with anti-periostin antibody and anti-b-actin antibody in SW1353 chondrosarcoma cells (SW, and
cR) and periostin knockdown SW1353 cells (sR1, sR2, and sR3). Data are representative of three different independent experiments.



nitrocellulose membrane. Anti-periostin antibody (Cell Signaling
Technology) and anti-β-actin monoclonal antibody (Sigma, St.
Louis, MO, USA) were used. 

MTT proliferation assay. The tetrazolium 3-(4, 5-dimethylthiazolyl-2)-
2,5-diphenyltetrazolium bromide (MTT) buffer was obtained from
Sigma. 5×104/well cells were plated on 96 well plates and incubated
under the indicated experimental conditions. Ten μl of MTT buffer
was added and incubated for 2 h at 37˚C. One hundred μl of dimethyl
sulfoxide (DMSO) solution was added and incubated for 10 min at
room temperature in the dark. Absorbances were read at 550 nm.

Migration assay. Cells were seeded into the upper chamber of
Transwell (8-μm pore size; Corning, Costar) in 24-well plates at a
density of 5×104 cells per well. Recombinant periostin, conditioned
media obtained from SW1353 cells, and/or recombinant VEGF-C
(R&D system) were added in the lower chamber. After incubation
for the indicated time periods, cells migrated through the Transwell
membrane were fixed, stained with crystal violet, and then
measured using MacBiophotonics Image J software.

Statistical analysis. The results are presented as mean±S.D. from at least
three independent experiments. All the statistical analyses were
performed with paired t-test. Data were considered significant if p<0.05.

Results

Generation of periostin knockdown chondrosarcoma cells.
Periostin expression was confirmed in SW1353 human
chondrosarcoma cells. Periostin mRNA expression in SW1353
cells was detected by q-PCR and RT-PCR (Figure 1A and B).
Periostin knockdown cells were also generated by transfection
with periostin siRNA. Periostin mRNA levels were decreased
following transfection with the periostin siRNA, but not those
of collagen II mRNA (Figure 1B and C). 

Periostin supports proliferation of chondrosarcoma cells and
maintenance of stemness. To evaluate the effect of periostin
on the proliferation of chondrosarcoma cells, MTT assay was
performed on SW1353 cells and periostin knockdown
SW1353 cells. Proliferation of SW1353 cells decreased when
periostin levels were decreased (siR1, siR2, and siR3 in Figure
2A). Treatment of cells with recombinant periostin did not
induce SW1353 cell proliferation. However, the decreased
proliferation of periostin knockdown SW1353 cells was
restored by the addition of recombinant periostin (Figure 2B).

Sex-determining region Y (SRY)-related high mobility
group-BOX gene 4 (SOX4) and SOX9 are involved in
chondrogenesis and are increased in chondrosarcoma (25-
27). SOX4 and SOX9 mRNA expression in SW1353 cells
and periostin knockdown SW1353 cells. As shown in Figure
2C, SOX4 and SOX9 mRNA expression was reduced in
periostin knockdown SW1353 cells. Recombinant periostin
itself did not increase SOX4 and SOX9 mRNA expression but
restored the decreased proliferation of periostin knockdown
SW1353 cells (Figure 2C).
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Figure 2. Periostin promotes chondrosarcoma cell proliferation. (A)
MTT assay. Three different periostin siRNA (sR1, sR2, and sR3) and
control siRNA (cR) were transiently transfected to SW1353 cells. Cells
were plated on microplates and incubated for the indicated times. MTT
assay was performed as described in Materials and Methods. Data are
presented as mean±SD from three independent experiments. *p<0.05
(B) MTT assay. Cells were plated on microplates and 10 μg of
recombinant periostin was added at the indicated concentrations for 72
h. MTT assay was performed. Data are presented as mean±SD from
three independent experiments. *p<0.05 compared with the SW group.
(C) SOX4 and SOX9 mRNA expression. Cells were incubated with or
without 10 μg of periostin for 72 h. Total RNA were extracted and
cDNA were synthesized. Quantitative real time PCR was performed with
SOX4 and SOX9 primers in SW1353 chondrosarcoma cells (SW, and
cR) and periostin knockdown SW1353 cells (sR). Data are presented as
mean±SD from three independent experiments. *p<0.05 compared with
the cR group.



Periostin mediates chondrosarcoma cell migration.
Migration activity was examined using Boyden chamber.
SW1353 cells or periostin knockdown SW1353 cells were
plated on the upper well, and migrated cells were counted at
the indicated times. Migration of periostin knockdown
SW1353 cells was less than that of SW1353 cells (Figure
3A). When recombinant periostin was added, the migration
of SW1353 cells increased in a dose-dependent manner.
Reduced migration of periostin knockdown SW1353 cells
was recovered by recombinant periostin (Figure 3B and C).

Promotion of the proliferation and migration of lymphatic
endothelial cells by chondrosarcoma secreted periostin. To
determine the effect of periostin on lymphatic endothelial
cells, conditioned media (CM) collected from SW1353 cells
and periostin knockdown SE1353 cells were used. CM were
prepared as described in the Materials and Methods section.
Lymphatic endothelial cells were plated and maintained with
20% of the indicated CM and 80% fresh media. The
proliferation was examined by the MTT assay. The
proliferation of lymphatic endothelial cells increased in the
presence of SW1353 CM compared to fresh media only. CM
from periostin deficient SW1353 cells did not induce the

proliferation of lymphatic endothelial cells (Figure 4A).
Recombinant periostin supported the proliferation of
lymphatic endothelial cells in a dose-dependent manner and
restored the decreased effect of periostin deficient CM
(Figure 4B).

The effects on lymphatic endothelial cells migration were
also examined. Lymphatic endothelial cells were seeded on
the upper wells of the Boyden chamber, and the indicated
CM with VEGF-C were added to the lower wells. Migrated
cells were stained and counted on a high-power field of a
microscope. VEGF-C itself induced lymphatic endothelial
cells migration, and CM from SW1353 increased the VEGF-
C-induced lymphatic endothelial cell migration. Periostin
deficient CM lost this increase (Figure 4C). Recombinant
periostin promoted lymphatic endothelial cell migration in a
dose-dependent manner (Figure 4D).

Discussion

Sarcomas and carcinomas are types of malignant tumors.
Tumor cells in carcinomas derive from tumorigenic
changes of epithelial cells, but tumor cells in sarcomas
derive from mesenchymal cells. Sarcomas are much less
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Figure 3. Periostin promotes chondrosarcoma cell migration. Three different periostin siRNA (sR1, sR2, and sR3) and control siRNA (cR) were
transiently transfected into SW1353 cells. (A) Migration assay. Cells were plated on the upper chamber and incubated for the indicated times. After
removal of unmigrated cells on upper chamber, migrated cells were fixed and stained with crystal violet. Cell number in high-power field was counted
and presented. Data are presented as mean±SD from three independent experiments. *p<0.05 (B) Migration assay. Cells were plated on upper chamber
with or without the indicated concentration of recombinant periostin. The cell number in high-power field was counted and presented. Data are
presented as mean±SD from three independent experiments. *p<0.05 compared with SW1353 cells. (C) Microscopic images. Scale bar: 200 mm.



common than carcinomas, and studies about the
tumorigenic changes in sarcomas are also limited (28).
Both tumor tissues are composed of tumor cells and various
other cells types, including immune cells, blood endothelial
cells, lymphatic endothelial cells, fibroblasts and others.
These different cells comprise the tumor microenvironment,
which affects tumor progression through contact with tumor
cells (4). Most of these studies were performed on
carcinomas. In sarcoma, both tumor cells and tumor
microenvironment derive from mesenchymal stem cells;
thus, it is difficult to distinguish between tumor cells and
other cell types, especially CAFs (29).

Chondrosarcomas are formed by malignant changes in
chondrocytes, which derive from mesoderm (1, 30, 31).
Periostin is abundant in the stroma of several carcinomas,
and is secreted from CAFs, and not tumor cells (22). CAFs
are not common in chondrosarcoma, but periostin expression
has been reported (24). Periostin is observed in the
cytoplasm but not in the extracellular matrix of enchondroma
tissue, and is present in the cytoplasm and extracellular
matrix of low-grade chondrosarcoma (unpublished data). In
this report, periostin mRNA and protein expression in

SW1353 chondrosarcoma cells was confirmed (Figure 1). It
is possible that periostin expression in sarcomas and
carcinomas may be the result of dedifferentiation of
mesenchymal stem cells. To confirm this hypothesis, more
studies on other sarcomas are needed. 

In periostin knockdown SW1353 cells, collagen II
expression was not changed, but SOX4 and SOX9 expression
was reduced (Figures 1B, C and 2C). Proliferation also
decreased in periostin knockdown SW1353 cells. SOX4 and
SOX9 expression has been shown to increase in
chondrosarcoma and related poor prognosis (25-27). These
results suggest that periostin may regulate SOX4 and SOX9
expression. Further studies are needed to clarify the
molecular mechanism. It may be related to the role of
periostin in maintaining tumor cell stemness (32). 

Integrin αvβ3 and αvβ5 are major receptors of periostin
(33). Chondrocytes express several integrins including αvβ3
and αvβ5 (34). Thus, interaction between periostin and
integrins on chondrosarcoma cells may play a major role in
the survival and proliferation like as has also been found in
other cells (35, 36). Proliferation is reduced in periostin
knockdown SW1353 cells, and recombinant periostin restored

Jeong et al: Role of Periostin in Chondrosarcoma

5467

Figure 4. Periostin from chondrosarcoma cells promotes the lymphatic endothelial cell proliferation and migration. Three different periostin siRNA
(sR1, sR2, and sR3) and control siRNA (cR) were transiently transfected to SW1353 cells. Conditioned media (CM) were collected from the indicated
cells. (A and B) MTT assay. Lymphatic endothelial cells and CM with or without recombinant periostin were incubated for the indicated times.
Data are presented as mean±SD from three individual experiments. *p<0.05 (C and D) Migration assay. Lymphatic endothelial cells were plated
on the upper well. CM and VEGF-C with or without recombinant periostin were added in the lower chamber. After removal of the unmigrated cells
on the upper chamber, migrated cells were fixed and stained with crystal violet. The cell number in high-power field was counted and presented.
Data are presented as mean±SD from three independent experiments. *p<0.05.



the phenotype. However, recombinant periostin does not
promote proliferation (Figure 2B). These results suggest that
periostin is important for chondrosarcoma proliferation, but
the enhancing effect is limited.

It was also shown that periostin promoted the migration
of chondrosarcoma cells in a dose-dependent manner (Figure
3). This is in agreement with other studies (37, 38). It has
also reported that periostin expression correlates with
metastasis (19-21, 39). The relation between periostin
expression and clinical outcome of chondrosarcoma has not
been reported. Studies on this subject can lead to the
identification of new biomarkers for chondrosarcoma. 

Lymphatics are important for tumor growth and metastasis
(40). Periostin has been shown to promote lymphangiogenesis
(23, 41). In this report, it was shown that periostin from
SW1353 chondrosarcoma cells induced the proliferation and
the migration of lymphatic endothelial cells (Figure 4). This
supports the possibility that periostin from chondrosarcoma
cells promotes lymphagiogenesis in chondrosarcoma tumor.

In this report we showed that periostin is expressed in
chondrosarcoma cells. Periostin from chondrosarcoma induced
the proliferation and the migration of chondrosarcoma cells. If
this is the sign of dedifferentiation or stemness of
chondrosarcoma cells, then, periostin could be a novel
biomarker of chondrosarcoma. 
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