OncoTargets and Therapy

Dove

ORIGINAL RESEARCH

Osteoglycin (OGN) Inhibits Cell Proliferation and
Invasiveness in Breast Cancer via PI3K/Akt/mTOR
Signaling Pathway

Tao Xu'

Rui Zhang'
Menglu Dong'
Zeyu Zhang?
Hanning Li'
Chenao Zhan?
Xingrui Li'

'Department of Thyroid and Breast
Surgery, Tongji Hospital, Tongji Medical
College of Huazhong University of
Science and Technology, Wuhan, Hubei
430030, People’s Republic of China;
2Department of Obstetrics and
Gynecology, Tongji Hospital, Tongji
Medical College, Huazhong University of
Science and Technology, Wuhan, Hubei
430030, People’s Republic of China;
3Department of Radiology, Tongji
Hospital, Tongji Medical College,
Huazhong University of Science and
Technology, Wuhan, Hubei 430030,
People’s Republic of China

Correspondence: Xingrui Li
Department of Thyroid and Breast
Surgery, Tongji Hospital, Tongji Medical
College of Huazhong University of
Science and Technology, Wuhan, Hubei
430030, People’s Republic of China
Tel +86-27-8366 5317

Email lixingrui@tjh.tjmu.edu.cn

This article was published in the following Dove Press journal:
OncoTargets and Therapy

Introduction: Previous studies have indicated that the small leucine-rich proteoglycan
(SLR) osteoglycin (OGN) is downregulated in various cancers, including squamous cervical
carcinoma, gastric cancer, and colorectal adenoma, indicating that OGN is a putative tumor
suppressor. However, its exact role in the pathology of human cancers, especially breast
cancer (BC), is not clear.

Methods: The expression of OGN in BC tissues was examined using qRT-PCR. Online
databases were employed to analyze the correlation between OGN expression and clinico-
pathological characteristics. CCK-8 assay, colony formation assay, transwell migration and
invasion assays were applied to detect cell proliferation, colony formation, migration and
invasion of BC cells, respectively. Xenograft tumor models were constructed to explore the
role of OGN on tumor growth in vivo.

Results: OGN expression was reduced in 24 paired BC samples compared with normal
tissue. Decreased expression of OGN was correlated with greater pathological grade, a more
aggressive tumor subtype, and poor overall survival. In vitro experiments showed that OGN
overexpressed by plasmid transfection significantly inhibited cell proliferation, colony for-
mation, migration, and invasion of BC cell lines. In xenograft tumor models, overexpression
of OGN repressed the growth of MCF-7 cells in vivo and alleviated the compression of the
tumor on surrounding structures. We also observed that OGN expression reversed EMT via
repressing the PI3K/Akt/mTOR pathway.

Conclusion: This study revealed that OGN could function as a tumor suppressor during
breast carcinogenesis, and we contribute new evidence to the body of research on the SLRP
family.

Keywords: breast cancer, osteoglycin, small leucine-rich proteoglycans, epithelial to

mesenchymal transition, PI3K/Akt/mTOR signaling pathway

Introduction
Breast Cancer (BC) is one of the most common cancers in the world. In 2018, there
were 2.1 million new cases of breast cancer worldwide and 0.63 million BC-related
deaths.! Due to the heterogeneity of the tumor, the emergence of drug resistance,
and tumor metastasis in some patients, breast cancer is still a major public health
problem and economic drain.”

Small leucine-rich proteoglycans (SLRPs) are, as their name suggests, a family
of extracellular proteoglycans with several leucine-rich repeats.” The SLRPs are
mainly localized in the extracellular matrix (ECM) and regulate ECM assembly and
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cell signal transduction.*” They can bind and communi-
cate with other proteins such as insulin growth factor
receptors,® epidermal growth factor receptors,® Toll-like
receptors,” and various cytokines.® Recent research has
shown that SLRPs have significant effects on the regula-
tion of cancer proliferation and progression. Some mem-
bers of the SLRPs are well studied. Decorin, as an
example, has oncosuppressive properties, such as regulat-
ing the innate immune response,” inducing endogenous
p21 synthesis,'” growth inhibition, and inhibition of
metastasis.'' Lumican, another SLRP, can provoke EMT
reprogramming,'? affect major MMPs expression, and
inhibit tumor invasion ability."® It has also been shown
to act as a tumor suppressor.mf16

The vital biological role of Osteoglycin (OGN),
a SLRP family member with seven leucine-rich repeats,
in tumorigenesis is being uncovered. Decreased expression
of OGN compared with normal tissue was found in var-
ious types of cancer, such as squamous cervical carci-
noma, vaginal cancer,!” gastric cancer,'® colorectal
adenoma,'® and laryngeal carcinoma.’® In colorectal can-
cer, higher OGN expression is an indicator of increased
survival and decreased cancer recurrence. OGN can also
reverse epithelial to mesenchymal transition (EMT) by
suppressing the EGFR/AKT/Zeb-1 axis.”' In murine hepa-
tocarcinoma, overexpression of OGN in Hca-F cells by
plasmid DNA transfection decreased the cells’ lymphatic
both
Meanwhile, tumor-suppressor activity was observed in

metastatic potential in vitro and in vivo.*
mouse melanoma cell lines as overexpression of OGN
increased stress-triggered cell death while reduction of
OGN attenuated cell death.”® Despite these studies indicat-
ing that OGN expression is reduced in tumors, further
research is necessary to elucidate the nature of OGN’s
function in the pathology of cancer, especially breast
cancer.

Based on results from previous research, we believe
that OGN plays an important role in the tumorigenesis and
progression of BC. In this study, we develop an in-depth
understanding of the function of osteoglycin in breast
cancer and provide a potential therapeutic target for the
treatment of BC.**

Materials and Methods

Tissue Samples
A total of 24 pairs of cancerous and adjacent normal breast
tissue were obtained from patients who underwent surgery

at the Department of Thyroid and Breast Surgery, Tongji
Hospital, Tongji Medical College of Huazhong University
of Science and Technology. All samples were immersed in
RNAlater solution at 4 °C overnight and then stored at
—80 °C. All patients signed informed consent forms, and
the ethics committee of Tongji Hospital approved the
experiments on the tumor tissue.

Cell Culture

Breast cancer cell lines MCF-7 and MDA-MB-231 were
obtained from the Chinese Academy of Science cell bank
(Wuhan, China). The cell lines were authenticated by
using short tandem repeat (STR) DNA profiling (ABI
3730XL Genetic Analyzer, Life Technologies, Waltham,
MA, USA). MDA-MB-231 cells were cultured in L-15
(HyClone, Logan, UT, USA) supplemented with 100 U/
mL penicillin/streptomycin (Invitrogen) and 10% FBS
(Gibco) at 37 °C. MCF-7 cells were cultured in DMEM
(Invitrogen) at 37 °C with 5% CO,. All cells used in
experiments were within 30 passages.

Transfection and Pharmacological

Treatment

The MCF-7 and MDA-MB-231 cells were grown in six-
well plates to almost 50%-60% or 70%-80% confluence,
respectively, and transfected with 2.0 pg empty vector
(pENTER) or OGN plasmid using X-tremeGENE HP
DNA Transfection Reagent (Roche) according to the man-
ufacturer’s instructions. After transfection for 48 h, the
cells were harvested and used for subsequent experiments.
The expression of OGN was assessed using quantitative
real-time polymerase chain reaction (qRT-PCR) and
Western blot analysis (WB).To investigate the PI3K/Akt/
mTOR pathway, OGN overexpression cells were incu-
bated with PI3K/AKT activator 740Y-P (50ug/mL, MCE,
China) for 90 min.*’

gRT-PCR
Total RNA was extracted from the tissues or cells using
TRIzol reagent (Invitrogen). OGN expression was then
measured in triplicate using SYBR Green qPCR Mix
(Toyobo, Shanghai, China). Primer sequences were as
follows: OGN Forward: 5'- TCTACACTTCTCCTGTTA
CTGCT -3, OGN Reverse: 5'- GAGGTAATGGTGTTAT
TGCCTCA -3"; GAPDH Forward: 5'- CTCACCGGATG
CACCAATGTT —3°, GAPDH Reverse: 5'- CGCGTTGC
TCACAATGTTCAT —3". Relative mRNA expression was
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calculated using the 2**“T method and GAPDH was used
as an internal control.

Western Blot Analysis

Western blotting was performed as previously described.?
The following antibodies were used: anti-GAPDH, anti-a-
Tubulin, anti-OGN,
anti-Vimentin, anti-Snaill, anti-ZEBI1, anti-p-Akt, anti-
p-mTOR, anti-AKT, and anti-mTOR. Anti-GAPDH, anti-o-
Tubulin, and anti-OGN were purchased from Proteintech

anti-E-cadherin, anti-N-cadherin,

(Wuhan, China). The rest were bought from Cell Signaling
Technology (Danvers, MA, USA). Membranes were incu-
bated with a species-matched HRP-conjugated secondary
antibody for 1 h. GAPDH and a-Tubulin were used as
loading controls to quantify the results.

Cell Counting Kit-8 (CCK-8) Assay and

Clone Formation assay

For the CCK-8 assay (CK04, Dojindo Kumamoto, Japan),
after transfection for 48 h, about 3,000 MCF-7 or
MDA-MB-231 cells were resuspended in 100 uL DMEM
or L-15 and placed into 96-well plates. The optical density
(OD) at 450 nm was measured from 24 h to 96 h using
a microplate reader, and each experiment was per-
formed=3 times. For the clone formation assay, 1,000
cells were plated in six-well plates and cultured for approxi-
mately two weeks. The cells were fixed in 4% paraformal-
dehyde solution at room temperature for 10-15 min and
then stained with 0.5% crystal violet (Servicebio, Wuhan,
China) at room temperature for 10—15 min. The number of
colonies was counted for statistical analysis.

Transwell Invasion and Migration Assay

The transwell invasion and migration assays were per-
formed as described previously.?” In brief, after transfec-
tion for 48 h, about 5 x 10* MDA-MB-231 cells in 200 pL
L-15 with 10% FBS were plated onto the upper chamber
coated with 50 uL. Matrigel. In the lower chamber, 500 puL
medium with 40% FBS was used as a chemotactic agent.
The cells were then incubated for about 36 h. Cells in the
upper filters were removed by cotton swab under flowing
water, and invaded cells were fixed in 4% paraformalde-
hyde at room temperature for 10—15 min and then stained
with  0.5%
10—-15 min. For the migration assay, the upper chamber

crystal violet at room temperature for

was not coated with Matrigel, and the incubation time was
about 19 h. Cells that passed the membrane were counted

in five random fields per chamber. Experiments were con-
ducted more than two times.

In vivo Xenograft Tumor Model

Four- to six-week old BALB/c nude mice (female) were
purchased from the Beijing HFK Bio-Technology Co., Ltd
and fed under standard pathogen-free conditions, with five
mice in each group. A sample of 1 x 10° MCF-7 cells with
OGN overexpression or 100 plL of cell-free PBS and
Matrigel mixture (1:1) was injected into the right axilla
of the mice with “Z-shaped” needle insertion method.
Tumor size was measured every three days with
a vernier caliper using the following formula: 0.5*L*W?,
where “L” is long axis and “W” is the minor axis of the
tumor. Before the nude mice were sacrificed, magnetic
resonance imaging examination (plain scan and enhanced)
was conducted to check the growth of tumors in the body.
At the end of the experiment, tumor tissues were harvested
and photographed. Immunohistochemistry (IHC) was con-
ducted to verify the expression of OGN. All animal experi-
ments were conducted in accordance with the Guide for
the Care and Treatment of Laboratory Animals of Tongji
Hospital and approved by the Ethics Committees of Tongji
Hospital.

Immunohistochemistry (IHC)

In brief, paraffin tissue sections were incubated at 60 °C for
2 h and then dehydrated through an ethanol gradient. Tissue
slides were sequentially incubated with 3% H,O, and 10%
goat serum blocking for 30 min at room temperature.
Sections were then incubated in a 1:150 dilution of poly-
clonal rabbit anti-OGN at 4 °C overnight. 3,3-diaminoben-
zidine (DAB) was added for 1 min at room temperature in
the dark. Protein expression was visualized under
a microscope (Olympus Corp. Tokyo, Japan), and photos
were taken for subsequent analyses. Histopathological eva-
luations were performed as described previously.?®

Online Database Extraction
The GEPIA (http://gepia.cancer-pku.cn/index.html) online
database was used to analyze the expression of OGN in

an expanded sample size.”’ A Kaplan-Meier plot (http://
kmplot.com/) was used to analyze the relationship between
the expression of OGN and the survival rate of patients with
breast cancer. The online tool GOBO (http://co.bmc.lu.se/
gobo/) was applied to find the genes that co-expressed with

OGN as well as to analyze the correlation between OGN
expression and clinicopathological characteristics.>* To
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explore potential functions of OGN, Gene Ontology (GO)
enrichment and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway analyses were conducted by
applying the DAVID program.

Statistics

Statistical analysis in this experimental study was com-
pleted by SPSS 22.0 and GraphPad 8.0. Comparisons
between groups were analyzed using two-tailed Student’s
t-tests and chi-square tests. The data are expressed as mean
+ standard deviation. P < 0.05 is considered statistically
significant, and “ns” represents P > 0.05; “*” represents
P < 0.05, “**” represents P < 0.01, and “***” represents
P <0.001.

Results
OGN is Downregulated in Breast Cancer
Tissues and Associated with Poor

Outcomes

Examination of OGN expression in breast cancer tissue
showed that OGN expression was downregulated com-
pared with adjacent normal tissue (Figure 1A). We ver-
ified the expression of OGN in an expanded sample size
with 1,085 tumor samples and 291 normal tissue samples
using the GEPIA online database (Figure 1B). We then
examined possible correlations between OGN expression
and clinicopathological characteristics by analyzing the
GOBO database. As shown in Figure 1D-F, we found
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Figure | OGN is downregulated in breast cancer tissue and associated with poor outcomes.
Notes: (A) OGN expression in tumor and normal breast tissue samples was detected by qRT-PCR. (B) Expression of OGN in the GEPIA database. (C) Overall survival
analysis of BC patients with low and high OGN expression using the Kaplan-Meier Plotter. (D—F) Expression associated with OGN in the GOBO database in patients with
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Abbreviations: OGN, osteoglycin; qRT-PCR, quantitative real-time polymerase chain reaction; GEPIA, Gene Expression Profiling Interaction Analysis; OS, overall

survive; BC, breast cancer.
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that OGN expression was significantly negatively asso-
ciated with pathological grade (Figure 1D) and ER status
(Figure 1E), and that decreased expression is correlated
with a more aggressive tumor subtype (Figure 1F), sug-
gesting that OGN plays a vital role in breast tissue
health. Meanwhile, Kaplan—-Meier analysis showed that
low expression of OGN in BC patients had poor overall
survival (OS) (Figure 1C).

To further detect the potential role of OGN in breast
cancer, GO and KEGG enrichment analyses were con-
ducted. We found that OGN is mainly involved in the
biological processes associated with extracellular matrix
organization, cell adhesion, negative regulation of the
JAK-STAT cascade, extracellular fibril organization, and
cell division (Figure 2A). Moreover, ten KEGG pathways
were overrepresented, including the PI3K-Akt signaling
pathway, focal adhesion, pathways in cancer, ECM-
receptor interaction, and the p53 signaling pathway
(Figure 2B). The above results suggest that OGN may
play an important role in the tumorigenesis and the pro-
gress of breast cancer. The level of OGN expression may
be closely associated with the PI3K-Akt signaling pathway
in breast cancer.

OGN Inhibits the Migration and Invasion

of Breast Cancer Cells

Based on the expression pattern of OGN in breast
cancer tissue and its significant correlation with the
poor overall survival of breast cancer patients, further
in vivo and in vitro study were conducted to get an
in-depth understanding of the role of OGN in tumor-
igenicity. OGN-overexpressing cells were generated by
plasmid transfection into MCF-7 and MDA-MB-231
cell lines. qRT-PCR and Western Blot were used to
confirm OGN expression in the transfected cells
(Figure 3A and B).

To further investigate the effect of OGN on the
migration and invasion of breast cancer cells,
a Transwell migration assay was performed using the
more invasive cell line MDA-MB-231 overexpressing
OGN. After 19 h of incubation, cell migration was
dramatically suppressed following OGN overexpression.
The same results were obtained in the Transwell inva-
sion assay (Figure 3C and D). Our findings indicate that
OGN can inhibit the migration and invasion of breast

cancer cells.

OGN Inhibits the Proliferation of Breast

Cancer Cells

CCK-8 and colony formation assays were performed to
assess the effect of OGN in cell proliferation. The CCK-8
assay showed that overexpression of OGN could impair
the proliferation rate of MCF-7 and MDA-MB-231 cells
compared with control cells (Figure 4C and D).
Meanwhile, fewer colonies were found in the overexpres-
sion group in the colony formation assay (Figure 4A
and B). These results imply that OGN expression inhibits
the proliferation of breast cancer cells.

OGN Suppresses Epithelial-Mesenchymal
Transition (EMT) in Breast Cancer Cells

Based on the bioinformatic analysis, we suspected that
OGN represses the invasion and metastasis of breast can-
cer cells by inhibiting EMT, therefore, we performed
Western blot to examine the expression of EMT-related
proteins E-cadherin, a characteristic epithelial protein;
interstitial ~ characteristic =~ protein ~ Vimentin  and
N-cadherin; and transcription factors Snaill and ZEBI.
The epithelial-specific protein E-cadherin was upregulated
in OGN-overexpressing cells compared with controls,
while the interstitial proteins Vimentin and N-cadherin
were downregulated, and the transcription factors Snaill
and ZEBI1, which facilitate interstitial transformation, were
also downregulated (Figure 5SA—C). Our findings indicate
that OGN likely inhibits the migration and invasion of
breast cancer cells through the inhibition or reversion

of EMT.

OGN Inhibited EMT via PI3K/Akt/mTOR

Pathway
KEGG pathway enrichment analysis showed that the genes
co-expressed with OGN may play a role in the PI3K/Akt/
mTOR pathway (Figure 2B). Many studies have shown
that activation of this pathway can promote EMT
conversion.”' * To explore the mechanism of OGN’s effect
on EMT, we examined the expression of PI3K/Akt/mTOR
pathway members in OGN-overexpressing cells. Western
blot assay revealed that p-Akt, p-mTOR, and EMT-
associated molecular biomarkers, such as N-cadherin and
Snaill, were downregulated, whereas E-cadherin was
upregulated.

Following activation of the PI3K/Akt pathway by acti-
vator 740Y-P (50 ug/mL, MCE, China) (Figure 5B-D),
p-Akt, p-mTOR, N-cadherin, and Snaill were upregulated
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Abbreviations: GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; OGN, osteoglycin.
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Abbreviations: OGN, osteoglycin; qRT-PCR, quantitative real-time polymerase chain reaction.

compared with the untreated group, and E-cadherin was
downregulated (Figure 5B-D). Further, we conducted
a remediation experiment. After OGN overexpression, the
re-activation of PI3K/Akt/mTOR pathway partially reversed
the increase in E-cadherin protein levels (Figure 5B-D).
Levels of other EMT-related molecular biomarkers, such
as Snaill and N-cadherin (Figure 5B-D), were influenced
similarly. Taken together, the above results revealed that
OGN reduces EMT by suppressing the PI3K/Akt/mTOR
pathway.

OGN Inhibits the Proliferation of Breast

Cancer Cells in vivo

To determine the effect of OGN on breast cancer cell
proliferation in vivo, xenograft mouse models were estab-
lished by injecting MCF-7 cells stably transfected with the
pENTER empty vector or an OGN-overexpression plas-

mid into nude mice. Overexpression of OGN dramatically

suppressed the growth rate of xenograft tumor, and the
volume of the tumor was significantly reduced compared
with the empty vector control (Figure 6B and C). MRIs
were performed to observe the relationship between the
tumor and the surrounding tissue. The tumors in both
groups showed bulging growth, and overexpression of
OGN resulted in tumors with reduced compression on
surrounding structures such as the thoracic and upper
limb joints (Figure 6A). Immunohistochemistry confirmed
OGN overexpression in the xenograft tumors (Figure 6D
and E). These results indicated that OGN inhibits the
proliferation of breast cancer cells in vitro, as well as
in vivo.

Discussion

Breast cancer is a heterogenecous disease with multiple
pathogenic factors, and the five-year survival prognosis
improves significantly if it is diagnosed at an early stage.
However, due to the late diagnosis of some patients, the
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prognosis of 15% of BC patients is still very poor. To
improve both our understanding of the prognosis for
patients with breast cancer, high-throughput data (includ-
ing the GEO, ArrayExpress, Oncomine, and TCGA data-
bases) were used to find centrally-acting hub genes that
may play vital roles in its tumorigenesis and
development.*® Such analyses could predict the risk of
tumor recurrence through integration analysis of non-
coding RNA characteristics®> and analyze mRNA expres-
sion to find genes that are critical for breast cancer.
Based on a previous integrated analysis of the GEO
data, we identified a series of hub genes and potential
biological processes that may play important roles in the

development of breast cancer, which included OGN. Upon

further analysis, it was found that the abnormal expression
of OGN was closely tied to breast cancer prognosis.
Expression of OGN showed significant difference between
different subtypes with lower expression in basal subtypes
than other subtypes. It was also significantly negatively
associated with ER status and pathological grade in breast
cancer, indicating that expression of OGN is closely linked
to progression of breast cancer. Through KEGG pathway
enrichment analysis and PPI network construction, it was
found that OGN may affect breast cancer cells by influen-
cing the PI3K/AKT signaling pathway and may greatly
affect epithelial-mesenchymal transition. To date, there
have been few reports examining the role and mechanism
of OGN in breast cancer. Therefore, in this study, we
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Figure 5 OGN overexpression inhibits EMT via the PI3K/Akt/mTOR pathway.

Notes: (A) and (C) The expression levels of EMT-related proteins E-cadherin, N-cadherin, Vimentin, Snail |, and ZEB| were detected by Western blot analysis in MCF-7 and
MDA-MB-231 cells overexpressing OGN. (B) and (D) Following OGN over-expression, re-activation of the PI3K/Akt/mTOR pathway using 740Y-P partially reversed the
increase in E-cadherin protein level and reversed the decrease in p-Akt, p-mTOR, N-cadherin, Snaill. *P <0.05 vs empty vector group, **P <0.01 vs empty vector group, *P <

0.05 vs OGN group, and *P < 0.01 vs OGN group.

Abbreviations: OGN, osteoglycin; EMT, epithelial-mesenchymal transition; PI3K, phosphatidylinositol 3’ kinase; Akt, serine/threonine kinase |; mTOR, mechanistic target
of rapamycin kinase; ZEBI, zinc finger E-box binding homeobox I; Snaill, snail family transcriptional repressor I.

attempted to understand the relationship between osteogly-
cin and breast cancer.

After generating breast cancer cell lines that overex-
pressed OGN through plasmid transfection, we found that
clonal formation of MDA-MB-231 and MCF-7 cells was
attenuated and the migration and invasion abilities of
MDA-MB-231 were weakened. In colon cancer, OGN
can inhibit the Akt pathway and affect EMT, which plays
a crucial role in the migration and invasion of cancer cells.
EMT inhibition can be reversed in colon cancer cells with
high expression of OGN due to subsequent Zeb-1 over-
expression, indicating that Zeb-1 is required for EMT
inhibition and is induced by OGN."* To find out whether
OGN affects EMT in breast cancer cells in a similar man-
ner, EMT-associated molecular biomarkers were examined
via Western blot. Snaill and ZEB1 were downregulated

upon OGN overexpression. We also found that OGN over-
expression inhibited EMT in breast cancer cells by sup-
pressing the PI3K/Akt/mTOR pathway, thereby reducing
the cells” migration and invasion ability. A xenograft
tumor model assay showed that tumor growth significantly
slowed following OGN overexpression in the non-invasive
breast cancer cell line MCF-7, confirming in vivo OGN’s
inhibitory effect on breast cancer cells.

OGN is a member of the small SLRP family that contains
seven leucine-rich repeats and whose role in cell biology has
not been well-determined. A number of studies have shown
loss of OGN in cancer cell lines and tumors, suggesting it is
a potential tumor suppressor.'”2**° However, the exact role
of OGN in the development of breast cancer had not been
elucidated. In this study, we observed that, upon OGN over-
expression, E-cadherin was elevated, N-cadherin was
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Figure 6 OGN expression inhibits the proliferation of breast cancer cells in vivo.

Notes: (A) Representative images of enhanced MRI in transverse and coronal sections. “L” represents the long axis and “W” represents the minor axis of the tumor.
(B) Images of typical tumors are shown. Xenografts of OGN can significantly repress the growth of MCF-7 cells in vivo. (C) Tumor size over time.
(D) Immunohistochemistry of OGN expression in xenograft tumors. (E) Staining intensity of OGN in empty vector or OGN groups. Gray color represents weak intensity,
and black color represents strong intensity. **P <0.0] vs empty vector group.

Abbreviations: OGN, osteoglycin; MRI, magnetic resonance imaging; IHC, immunohistochemistry.

decreased, and the invasion and migration ability of tumor  epithelial cells into motile mesenchymal cells, is often the
cells was significantly inhibited, indicating that OGN plays initial step in tumor cell migration, invasion, and metastasis.
a vital role in the EMT of breast cancer cells. Epithelial- EMT is molecularly characterized by the loss of E-cadherin

mesenchymal transition, the conversion of stationary expression coupled with an increase in Vimentin and
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N-cadherin expression. Studies have shown that E-cadherin’s
adhesiveness on cell surface keeps the cells together, pro-
motes cell to cell interactions, and physically blocks cell
movement.>” The deletion of E-cadherin causes primary
tumors to invade surrounding tissues and migrate to distant
locations and establish metastatic tumors.”® Our study
showed that the overexpression of OGN could significantly
reverse this process and, therefore, reduce the malignancy of
breast cancer.

We also corroborated that the upregulation of OGN
suppresses ZEBI, as previously shown.”' The ZEB tran-
scription factor family acts by binding to the cadherin
promoter region.’>** ZEB1 promotes the formation of
angiogenesis and induces EMT in bladder cancer.*' The
transformation of epithelial cells into mesenchymal cells is
accompanied by an increase in cancer stemness, metastatic
ability, and drug resistance.** The Transforming Growth
Factor Beta (TGF-B),** Notch,***> Wnt/p-cadherin,*® and
PI3K/Akt/mTOR?'*" pathways all affect this process. In
this study, we confirmed the relationship between PI3K/
Akt/mTOR and EMT. We also found that OGN suppresses
the PI3K/Akt/mTOR pathway in BC cells, and treatment
with the PI3K/AKT/mTOR pathway activator (740Y-P)
reverses the antitumor effects of OGN on BC cells.

Conclusion

Based on the above results, the present study shows that
osteoglycin is decreased in breast cancer tissues.
Overexpression of OGN significantly inhibits cell prolif-
eration and migration/invasion and reverses EMT pheno-
types in BC cells. Also, for the first time, we demonstrate
that OGN’s tumor suppressor activity manifests through its

effects on the PI3K/AKT/mTOR pathway in BC.
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