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Abstract

Osteosarcoma (OS) is one of the most malignant tumors of bone with a poor outcome in children and young
adolescents and has a poor response to radiotherapy and chemotherapy. At present, it is urgent to identify the
effective biomarkers and to prevent and treat osteosarcoma. The BTAF1 (formerly known as TAFII170/TAF-172 and
the human ortholog of Saccharomyces cerevisiae Mot1p), are evolutionarily conserved members of the SNF2-like
family of ATPase proteins, and it has never been studied in OS. In this study, we first revealed BTAF1 is significantly
upregulated in OS, and its expression level is highly correlated with clinicopathological parameters of OS patients.
Our survival curve analysis demonstrated that BTAF1 is a candidate predictor for predicting patient prognosis.
Functional experiment results showed BTAF1 promotes the proliferation of OS cells in vitro. Silencing of BTAF1
reduces the colony-forming ability of U20S cells in vitro and reduces tumor growth in vivo. Mechanism studies have
shown that inhibition of BTAF1 reduces the Epithelial-to-Mesenchymal Transition (EMT) through the TGF-@ signaling
pathway to inhibit OS progression. In summary, BTAF1 plays a regulatory role in the progression of OS, and it may

Western Blotting

be a new OS diagnostic marker and prognostic factor, providing new ideas for the treatment of OS.
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Introduction

Osteosarcoma (OS), one of the most prevailing primary bones
malignancies originating from bone-forming mesenchymal cells, is a
kind of invasive tumor which mainly occurred in adolescents and
youngsters [1]. Although the annual incidence of osteosarcoma
worldwide is only about 30 parts per million, local tumors can be
removed by surgery, but metastasis caused by osteosarcoma can lead
to death in most cases [2,3]. Currently, the survival rate of patients
with metastatic osteosarcoma is very low, including a 5-years survival
rate of only 11%-20% [4,5]. The current treatment for OS is surgical
resection plus chemotherapy [6]. Although adjuvant chemotherapy has
played a key role in the treatment of osteosarcoma and improved the
clinical prognosis of some patients with OS, the overall prognosis is
still disappointing, which is mainly affected by chemotherapy
response and metastasis station [7]. Thus, an appropriate treatment
method is urgently needed as the primary treatment strategy.
Therefore, it is crucial to explore osteosarcoma markers and the
mechanisms underlying the occurrence, progression, invasion and
metastasis of OS to determine its biological characteristics and
prognosis, and to define innovative clinical therapeutic objectives for
effective molecular therapy.

The BTAFI (formerly known as TAFII170/TAF-172 and the human
ortholog of Saccharomyces cerevisiae Motlp), are evolutionarily
conserved members of the SNF2-like family of ATPase proteins. The
function of BTAF1 has been studied mainly in yeast and human cells,
which has revealed that it binds directly to TBP (TATA Binding
Protein), forming the B-TFIID complex. This complex binds to core
promoters of RNA polymerase II-transcribed genes and, of crucial
importance, BTAF1-TBP interactions have been shown to affect the
kinetics of TBP—promoter interactions. Understanding the regulation of

gene expression is arguably the most crucial basic question of biology.
In regulation of gene expression, transcription of protein-encoding
genes by RNA polymerase II receives most attention [8-11]. However,
the role of BTAF'I in OS progression is still unknown.

The unique properties of osteosarcoma may be related to either the
cell of origin or components in the bone marrow microenvironment,
such as the large amount of Transforming Growth Factor 1 (TGF-f1)
[12]. Transforming Growth Factor-B1 (TGF-B1) is one of the strongest
stimuli and is overexpressed in many types of human tumors, including
OS [13]. TGF-B1 is also a pleiotropic cytokine that acts as a mediator
upon the tumor to promote further tumor expansion, metastasis, and
cytokine production [14]. Transforming Growth Factor-p (TGF-B)
signaling is one of the most important EMT inducers, which is a
crucial tumor-promoting process in cancer development at later stages,
leading to tumor cell migration, invasion and metastasis. The
epithelial-mesenchymal transition [15].

Numerous studies have shown that TGF-f can induce EMT and
accelerate tumor metastasis by regulating the components of extracellular
matrix [16,17]. EMT has been reported as an essential event in the
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malignant transformation of cancer, especially during tumor invasion
and metastasis, by promoting the conversion of early-stage tumors into
invasive malignancies [18]. EMT is a developmental process in which
epithelial cells lose polarity and acquire the migration characteristics of
mesenchymal cells [19]. TGF-B1 signaling is one of the most important
EMT inducers, which is a crucial tumor-promoting process in cancer
development at later stages, leading to tumor cell migration, invasion,
and metastasis [15].

By analysing GSE database, we found that BTAFI mRNA
expression is higher in OS than in normal tissues. Additionally,
functional experiment results indicated that overexpression of BTAF1
significantly stimulates the proliferation of OS cells. In this study, we
focused on the effect of BTAFI on osteosarcoma and unravel the
potential mechanisms. We report for the first time that BTAFI
facilitates the Epithelial-to-Mesenchymal Transition (EMT) through
the TGF- signaling pathway to inhibit OS progression. Overall, this
study reveals a new diagnostic marker and prognostic factor for OS,
and it may provide new ideas and targets for the treatment of OS.

Materials and Methods

Clinical osteosarcoma samples

Clinical osteosarcoma samples were acquired from patients who
received partial or radical tumorectomy in the department of
orthopedics, Putuo people’s hospital, Tongji university, Shang Hai,
China. 50 osteosarcoma samples were collected, and they all were
paired with adjacent normal tissues. Fresh osteosarcoma tissue samples
(n=50) were obtained from 28 patients with primary osteosarcoma
without metastases and 22 patients with metastases. Of 28 patients with
primary osteosarcoma, 19 were recurrence-free and 9 were recurrent
patients. Part of the matched tissues was frozen in liquid nitrogen or
-80°C freezer for RNA extraction or Western Blot. The remaining
tissues were fixed in 10% formalin at room temperature for 24 hours,
and then embedded in paraffin for immunohistochemistry. These
patients had not received preoperative assisted anti-cancer treatment.
This study and experimental procedures were approved by the Human
Research Ethics Committee of Tongji university (Shanghai, China) and
written informed consent was obtained from all the patients involved.

Cell lines and cell culture

Human osteosarcoma cell lines (U20S) and the normal osteoblastic
cell lines, hFOB, were purchased from the Shanghai institute for
biological sciences, Chinese academy of sciences. All cells were
cultured with Eagle's minimum essential medium (cat.no.30-2003;
ATCC) containing 10% heat-inactivated fetal bovine serum in an
incubator (37°C, 5% CO?2).

Immunohistochemistry (IHC) and evaluation of the results

The collected OS tissues and paired adjacent normal tissues were
fixed in formalin and then embedded in paraffin. For IHC, paraffin-
embedded sections were dewaxed in xylene and rehydrated in ethanol.
Subsequently, after deparaffinization, rehydration, blocking with
hydrogen peroxide and antigen retrieval, these sections were incubated
with primary rabbit anti-BTAF1 polyclonal antibodies (A12251,
ABclonal; Wuhan, China) overnight at 4°C. After washing three times
with PBS, they were incubated with HRP-conjugated anti-rabbit
secondary antibodies for 2 hours at room temperature. DAB was used
for coloration, and dark brown was regarded as positive. Appropriate

positive and negative controls were included in each run, and the
absence of a primary antibody was used as a negative control. Two
pathologists, blinded to clinical information, independently assessed
BTAF1 staining under an Olympus CX31 microscope (Olympus,
Centre Valley, PA). The positive rate of tumor cells ranged from 0% to
100%. Staining intensity was defined as: negative, 0; weak, 1; mild, 2;
and intense, 3. Finally each case was given a weighted score (% x
staining intensity) on a scale of 0 (0 x 0) to 3 (100% x 3).

Transient transfection assays

The BTAF1-short hairpin RNA (shRNA1, shRNA2) plasmids was
constructed and purchased in Shandong Vigene Biosciences Company,
China. Cell lines U20S were seeded in 6-well plates at 50%-70%
confluence when being transfected. 3 pg BTAFI1-short hairpin RNA
(shRNA) plasmids per well was added to the «cells using
LipofectamineTM 2000 reagents (Thermo Fisher Scientific; Waltham,
USA). 24-48 hours after transfection, the cells were collected for
efficiency determination and subsequent assays. All steps are carried
out in accordance with the manufacturer's instructions.

Cell proliferation assays

The BTAF1-short hairpin RNA (shRNA) plasmids were purchased
from GECEM biotechnology, Shanghai, China. 1 x 10° U20S cells
were inoculated in six-well plates and transfected with 5 ng BTAF1-
shRNA1, BTAF1-shRNA2 and vector plasmid per well using
Lipofectamine™ 2000 reagent (Invitrogen, Karlsruhe, Germany)
according to the manufacturer’s instructions. 48 h after transfection,
U20S cells were added to 5 96-well plates at a density of 2000 cells
per well, and cell viability was measured at 0, 24, 48, 72 and 96 h,
respectively. Cell proliferation rate was measured by using Cell Count
Kit-8 (CCK-8) according to the manufacturer’s protocol. Specifically,
10 uL. CCK-8 solutions and 100 pL of the above cell culture medium
were added to each well, and the optical density of each well was
measured at 450 nm after 4 h. Each experiment was repeated three
times independently.

Quantitative Real-Time-Polymerase Chain Reaction (QRT-
PCR)

According to the manufacturer’s agreement, use TRizol reagent
(Invitrogen, Carlsbad, CA) to extract total RNA from OS tissues and
cell lines. 1 pg enriched tissue or cell RNA was used to synthesize
cDNA through reverse transcription, which was accomplished by
TagMan® Reverse Transcription Reagents (Applied Biosystems Inc.;
Thermo Fisher Scientifc, Inc.). The procedure was based on the
protocol provided by Invitrogen. The HieffTM qPCR SYBR Green
Master Mix (Thermo; Massachusetts, USA) was used for qPCR
analysis by ABI ViiA7 qPCR System (Applied Biosystems; Foster,
CA). Specific primers were purchased from RiboBio (Guangzhou,
China), they were listed as follows:

Forward primer 5'-CGCTCAGCTCTCTGGAAACT-3", and reverse
primer 5°-AAGGCGATCTAGCCTGGAGA-3".

Western blotting

Whole-cell lysates (P0013B, Beyotime, Shanghai, China) were
collected and prepared from BTAF1-shRNA or empty vector transfected
cells. All the proteins of the processed tissues or cells were lysed on ice
in RIPA protein lysis buffer with 1 mM PMSF (phenylmethylsulfonyl
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fluoride). Then the impurities were removed after centrifugation at
15,000 rpm at 4°C. Subsequently, the protein concentration of the
solution was measured with PierceTM BCA protein assay kit (Thermo;
Massachusetts, USA). The calculated 30 pg protein per well was
separated in a 10% SDS-PAGE gel and transferred to a Polyvinylidene
Fluoride (PVDF) membrane at 100 V for 1-2 hours. The PVDF
membranes were washed thrice for 5 min each, and then blocked in
PBST for 2 hours at room temperature. The blocked membranes were
washed, and cut into different strips according to the molecular weight
of target proteins, then incubated with primary antibodies against target
proteins overnight at 4°C. The next day, the membranes were incubated
with secondary antibodies (1:1000, Invitrogen) for 1 hour at room
temperature.  Blots were developed using the enhanced
chemiluminescence method (Pierce™ ECL Western Blotting Substrate;
Thermo Fisher Scientifc, Inc.). The primary antibodies used included
anti-BTAF1, anti-E-cadherin, anti-vimentin, anti-a-actin, anti-N-
cadherin and anti-snail.

Tumor xenografts in Nude mice

BALB/C-nu/nu nude mice were purchased from the National
resource center for rodent laboratory animal of China. Each group
included 5 nude mice, each of which was inoculated subcutaneously
with 5.0 x 106 cells (BTAF1 knockdown and control tumor cells). Mice
were kept in sterile animal facilities and their tumor growth was
monitored daily. The tumor volume was measured weekly with Vernier
calipers and calculated according to the formula, V=length x width? x
0.25.2 months later the mice were sacrificed, tumors were dissected for
histological examination. All data are expressed as mean = SE. The
animal experiments were approved by the institutional animal care and
use committee of Tongji university and met all regulatory guidelines.

Statistical analysis

Significant differences between the experimental groups and controls
were assessed using Student's t test. Survival information was assessed
by Kaplan-Meier analysis, and differences were assessed using log-rank
tests. 2 tests were used to assess the significant correlation between
BTAF1 expression and clinicopathological parameters of OS patients.
Survival curve analysis was used to evaluate the diagnostic value of
BTAFI. A cox proportional hazard regression model was used for
univariate and multivariate analysis. All values are reported as means +
the Standard Deviation (SD), P<0.05 was statistically significant. The
asterisks indicate that the data are significantly different from the
controls, P<0.05, *; p<0.01, **; p<0.001, **; p<0.0001, ****.
GraphPad Prism 5.0 and SPSS 18.0 software were used for all statistical
analysis.

Results

BTAF1is a potential biomarker for osteosarcoma according
to GSE database

In the GSE database including GSE21257, GSE14359, GSE39058,
only one common gene were identified: BTAF'1 (Figure 1A). We first
utilized GSE database to access BTAFI mRNA expression and its
association with osteosarcoma prognosis. As shown in Figure 1B,
BTAFI was remarkably overexpressed in osteosarcoma compared to
normal tissue at transcriptional level (p=0.002). Then we further evaluated

its association with the clinical characteristics of osteosarcoma such as
metastasis and recurrence. As shown in Figures 1C and 1D, BTAF1
was correlated to metastasis and recurrence; compared with the group
without recurrence and metastasis, the expression of BTAF! mRNA
was higher in the group with metastasis and recurrence. Kaplan-Meier
curves were used to analyze the correlation between gene expression
and survival probability of patients. The results revealed that higher
BTAFI mRNA expression predicted lower survival probability. Lower
expression of BTAF1 was associated with longer survival (Figure 1E).

A B §%°]p=0.0002
FED
g
350
s
nEf 4.5
= ——
= 4.0
=
o 35
> M
& &
& &
& 5
g \"9
S &
&
. &
GSE39058
c D ¢ =
£ 27 p=o0132 % p=0.0034
‘? o 15
gn 5
5 %
310 g
<
[
g9 £
E o
T s =
2 B
L 7 2 2
& &
& & s s
& & o« &

Figure 1: BTAF1 is a potential biomarker for osteosarcoma
evaluated by GSE datebase (A) In the GSE database including
GSE21257, GSE14359, GSE39058, only one common gene were
identified: BTAF1, (B) Compared with the normal osteoblast controls
group, the expression level of BTAFI mRNA was significantly
increased in patients with osteosarcoma group, (C and D) Expression
of BTAF'1 presented more upregulated in recurrence and metastasis
group compared to that in no-recurrence and no-metastasis group, (E)
Comparison of survival curves for high and low level BTAF'1 groups.
Overall survival rate of patients with osteosarcoma with high
expression level of BTAFI was significantly lower compared with
patients with low BTAF 1.

BTAF1 is up-regulated in OS specimens.

We performed immunohistochemical staining on 50 human
osteosarcoma tissues and their corresponding non-cancerous tissue
controls. Representative examples of IHC for BTAFI in the OS and
non-cancerous tissues are shown in Figures 2A-2F. BTAF'] staining in
the non-cancerous tissues is negative (Figure 2A). However, by
Student t test, BTAF'1 expression is up-regulated in tumor cells (Figures
2B-2F). In addition, 62% (31/50) of the matched cases showed high
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BTAF1 expression in the OS tissues compared to that observed in the
non-cancerous tissues. Taken together, these results indicate that
BTAF1 is up-regulated in OS tissues.

Scores of BTAF1 Staining

Normal

Tumor

Figure 2: Expression analysis of BTAF'] in human osteosarcoma
and non-cancerous tissues. (A) BTAF staining in normal tissues is
negative, (B) Negative staining of BTAF] in cancer cells, (C) Weak
staining of BTAF'I in cancer cells, (D) Moderate staining of BTAF1
in cancer cells, (E) Strong staining of BTAFI in cancer cells, (F)
Graphical representation of BTAF staining intensity in tumor (T)
and normal (N) tissue. Original magnifications 200X.

Silencing BTAF I inhibits proliferation of OS cells.

Silencing of BTAFI reduces the colony-forming ability of U20S
cells. The functional significance of U20S cells was further
investigated by knocking down BTAFI using shRNAs. Compared with
the control group, knocking down BTAF resulted in decreased U20S
cell viability (Figure 3A). To further clarify the potential role of
BTAFI in tumorigenesis, colony formation assay was used to
determine whether the knockdown of BTAFI expression affects the
colony formation ability of U20S cells. As a result, both the size and
the number of colonies were markedly reduced in the sSABTAF1#1 and
shBTAF1#2 group compared with these parameters in the control
group, shBTAF1#2 group had the lowest number and smallest size of
cell clones (Figures 3B and 3C). In addition, BTAFI down
significantly reduced tumor growth as compared with the control
groups (Figure 3D). Taken together, these results demonstrated that
BTAF1 is important for OS cell growth.
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Figure 3: The effect of BTAFI knockdown on the proliferation
ability of OS cells in vitro and in vivo, (A) Western blot analysis
showed the level of BTAFI protein in U20S cells 48 h after
transfection, (B) Typical photomicrographs of U20S cell colony in
culture plates, (C) Graphical representation of the number of
colonies of U20S cells transfected with BTAF1-shRNA1, shRNA2
and the control plasmid, (D and E) representative pictures of
tumors resected from subcutaneous xenograft models and tumor
volume and mass. P<0.05, *, p<0.001, *** compared with the
control group.

BTAF1 regulates EMT via the TGF-p signaling pathway

In order to explore how BTAFI is involved in the occurrence and
progression of OS, Gene Set Enrichment Analysis (GSEA) was
performed to figure out the biological pathways regulated by BTAF
based on the TCGA database. The results showed that PPT2 is highly
correlated with TGF-f signal and WNT-f signal signatures (Figures
4A and 4B). Epider Growth Factor (EGF), Transforming Growth
Factor-p (TGF-), Fibroblast Growth Factor (FGF), Wnt and Notch
and other factors have initiated EMT Process and is mediated by many
EMT-related transcription factors such as Snail, Twist, Slug, ZEB, etc.
[21,22]. EMT is a vital factor in tumorigenesis and progression, and is
closely related to enhanced cell migration and invasion, tumor
metastasis and anti-apoptosis capacity [23,24]. Therefore, we
speculated that BTAFI has an influence on the EMT process. To test
this hypothesis, the alterations of several EMT markers were evaluated
in shBTAF1#2 and shControl cells. The results showed E-cadherin
expression increased, while Vimentin, Snaill and N-cadherin
expression decreased in OS cells transfected with shBTAF1#2
plasmids at both protein and mRNA levels (Figures 4C and 4D). In
brief, BTAF1 knockdown significantly inhibits EMT of OS in vitro.
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Figure 4: Decreased expression of BTFA1 inhibits EMT in OS in
vitro. (A-B) GSEA was performed to investigate the biological
pathways involved in BTAFI regulation on the basis of TCGA
database, (C and D) The alterations of EMT markers (E-cadherin,
Vimentin, Snaill and N-cadherin) were tested with Western blot and|
qRT-PCR.

Discussion

Many signaling pathways are involved in tumor development and
progression. At present, extensive gene expression and regulatory
mechanisms in OS are still unclear. In this study, through literature
reading and database screening, we discovered the differentially
expressed molecule BTAFI in OS, which is closely related to cell
metabolism. Further studies revealed BTAF I is upregulated in OS, and
high BTAF1 expression is associated with various clinicopathological
parameters of OS patients. Functional experiment results indicated
that overexpression of BTAF'] remarkably stimulates the proliferation
of OS in vitro. Mechanistic investigations demonstrated that BTAF]
promotes the OS progression by reducing EMT. Taken together, we
ultimately concluded, BTAFI plays a vital role in the development of
osteosarcoma, BTAF1 may be considered a new diagnostic markers
and prognostic factors, and provide treatment target for osteosarcoma.

At present, lots of studies have revealed that EMT is an essential
mark of tumor occurrence and development, and is closely related to
cell migration, enhanced invasion ability, tumor metastasis and anti-
apoptosis [24]. Previous studies have reported that osteosarcoma cells
express a large number of EMT-related genes, suggesting that EMT
also plays an important role in mesenchymal cell-derived sarcoma
[25]. According to our experimental results, we associate EMT with
the expression of BTAFI in OS, and we believe that BTAF'] plays an
important role in the progression of OS. The activation of EMT
promotes the dissociation and invasion of tumor cells which are the
fundamentals for tumor metastasis to distant organs, leading to tumor
spread and treatment failure [26,27]. Many factors initiate the EMT
process, including Transforming Growth Factor-f (TGF-f), Epidermal
Growth Factor (EGF), Fibroblast Growth Factor (FGF) and Wnt. And
it is mediated via many EMT-related transcription factors such as slug,
Snail and Twist [21,28].

EMT is a pathological feature of tumors with abnormal
developmental and morphogenetic signaling pathways, such as TGF-$
and growth factor signaling. The elevation of TGF-f promotes the
malignant progression of cancer [15,29]. TGF-B also promotes the

stemness characteristics of osteosarcoma. TGF-B-induced EMT is
tumor-propagating in transformed epithelial progenitor cells [30].
Three members of the TGF-p family -TGF-B1, -B2, and -3 have been
recognized in mammals [31]. TGF-Bs are widely accepted as tumor
suppressors and tumor promoters depending on the type of cancer and
the time of tumor progression [32-34]. TGF-P plays a role as a major
player in the vicious cycle between osteosarcoma cells and the bone
tumor microenvironment, thereby promoting tumor development and
lung metastatic spread [33]. TGF-Bs signals exhibits the effects by
binding to two heteromeric cell surface receptors, namely type I
(TBRI) and type II (TBRII) receptors [35,36].

Conclusion

TGF-p signal usually produces biological effects through the TGF-
B/SMAD/Snail signaling pathway, for example, TGF-f induces the
EMT process via this signaling pathway, leading to tumor occurrence
and metastasis. Our results show that BTAF] is highly correlated with
the signal characteristics of TGF-P signaling. Based on the results of
the early stage of this study, we speculate that BTAFI plays a
regulatory role in the progression of OS. In summary, the lack of
BTAFI inhibits the epithelial-mesenchymal transition of osteosarcoma
through the TGF-B signaling pathway. In addition, BTAFI may be a
new OS diagnostic marker and prognostic factor, providing new ideas
for the treatment of OS.
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