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Abstract

Cancer-testis antigen MAGEA3, being restrictedly expressed in testis and various kinds of tumors,
has long been considered as an ideal target for immunotherapy. In this study, we report that
MAGEAS3 interacts with STATI and regulates the expression of tyrosine phosphorylated STATI
(pY-STATI) in tumor cells. We show that pY-STAT is significantly up-regulated when MAGEAS3 is
silenced by MAGEA3-specific siRNA. RNA sequencing analysis identified 274 STAT |-related genes
to be significantly altered in expression level in MAGEA3 knockdown cells. Further analysis of these
differentially expressed genes with GO enrichment and KEGG pathway revealed that they are
mainly enriched in plasma membrane, extracellular region and MHC class | protein complex, and
involved in the interferon signaling pathways, immune response, antigen presentation and cell
chemotaxis. The differentially expressed genes associated with chemokines, antigen presentation
and vasculogenic mimicry formation were validated by biological experiments. Matrigel
matrix-based tube formation assay showed that silencing MAGEA3 in tumor cells impairs tumor
vasculogenic mimicry formation. These data indicate that MAGEA3 expression in tumor cells is
associated with immune cells infiltration into tumor microenvironment and anti-tumor immune
responses, implying that it may play an important role in tumor immune escape. Our findings reveal
the potential impact of MAGEA3 on the immunosuppressive tumor microenvironment and will
provide promising strategies for improving the efficacy of MAGEA3-targeted immunotherapy.
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Introduction

Cancer/testis antigen MAGEA3 is a member of
Melanoma Antigen Gene (MAGE) family, which has
restricted expression to the testis and is aberrantly
expressed in cancer cells. MAGEAS3 has been found to
be broadly expressed in a variety of malignancies,
including melanoma, breast cancer, head and neck
cancer, lung cancer, gastric cancer, skin squamous cell
carcinoma, colorectal cancer, etc [1]. The relatively
restricted expression of MAGEA3 and its immunoge-
nicity has made it an ideal target for immunotherapies
[1, 2]. Recently, emerging data indicated that
MAGEA3 expression is associated with hallmarks of
aggressive cancer: MAGEA3 expression increased

invasive potential in vitro, and orthotopic xenografts
of MAGEA3-overexpressing human thyroid carcin-
oma cells showed increased tumor metastases to the
lung [3]; MAGEA3 was found to be highly expressed
in a cancer stem cell-like side population in bladder
cancer which exhibited more robust tumor growth in
vivo [4]; MAGEA3 expression in cancer cells was
associated with poor prognosis, for example,
MAGEA3 expression in non-small cell lung cancer
was found to be significantly correlated with
decreased survival of patients, and MAGEA3
expression in breast cancer is significantly associated
with advanced tumor grade, and correlated with
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worse outcome [5, 6].

Recently, immunotherapy has taken center stage
as a novel cancer therapeutic approach. Targeting
immune checkpoints such as cytotoxic T lymphocyte
antigen 4 (CTLA4), programmed cell death protein 1
(PD1) and its ligand PD-L1 have achieved
encouraging results in multiple cancers by inducing a
remarkable anti-tumor response [7]. However, only a
small number of patients have pronounced clinical
response with immune checkpoint blockade, and the
majority have experienced no clinical benefit when
provided the same treatment [8]. To date, extensive
data have revealed that the tumor microenvironment
(TME) is associated with the outcomes of
immunotherapy [9]. A more recent report indicated
that expression of MAGEA members such as
MAGEA3, MAGEA6 and MAGEA2 is associated with
resistance to blockade of CTLA4 [10].

Here we report that MAGEA3 interacts with
signal transducer and activator transcription 1
(STAT1), and is involved in remodeling TME by
regulating the expression of chemokines, antigen
presentation-related genes and formation of
vasculogenic mimicry (VM).

Materials and Methods

Cell lines and culture

Human melanoma cell line Hs294T and
SK-Mel-28 cells were purchased from ATCC
(Manassas, VA, USA) and maintained in DMEM
(ATCC) supplemented with 10% FBS (Invitrogen,
Carlsbad, CA, USA), and human embryonic kidney
cell line HEK293T cells were kept by our department
and maintained in DMEM (Invitrogen) supplemented
with 10% FBS.

Plasmids, siRNA and transfections

The cDNA encoding human MAGEA3 was
generated by RT-PCR from Hs294T cells and
subcloned into Sall/Notl sites on the pRK-Flag and
pRK-HA vectors, and the Xhol/Notl sites on the
pCL-Flag vector. The expression vector pCMV-Flag-
STAT1 was purchased from Public Protein/Plasmid
Library (Nanjing, China). The siRNA sequences for
si-MAGEA3#1 (GCGAAUUAGCAAUAACAUACAU
GAG), si-MAGEA3#2 (AGAAUGCAAGCGAAAUU
AAAUCUGA) and control siRNA were synthesized
at RiboBio (Guangzhou, China).

Expression plasmids were transfected with
VigoFect (Vigorous Biotechnology, Beijing, China) for
HEK293T cells, and MegaTran (OriGene, Rockwell,
MD, USA) for SK-Mel-28 cells. siRNAs were transfec-
ted with jetPRIME (Polyplus-transfection, Strasbourg,
France) for Hs294T cells. All transfections were

performed according to the manufacturer's instruc-
tions.

Co-immunoprecipitation (Co-IP) and mass
spectrometry (MS)

Co-IP was performed as follows: HEK293T cells
were transfected with expression vectors pRK-HA-
MAGEA3 and pCMV-Flag-STAT1, harvested 48 h
following transfection, washed with PBS and lysed
with immunoprecipitation (IP)-buffer (20 mM
Tris-HCI, 150 mM NaCl, 1% Triton X-100 and 1mM
EDTA) supplemented with protease inhibitors
cocktail (Roche Diagnostics, Indianapolis, IN, USA).
Lysates were precipitated with the mouse monoclonal
anti-HA antibody (MBL, Nagoya, Japan), the mouse
monoclonal anti-Flag antibody (MBL) or normal
mouse immunoglobulin IgG (Sigma-Aldrich, St.
Louis, MO, USA) at 4°C overnight, followed by
adding protein A-Sepharose (GE Healthcare, Pitts-
burgh, PA, USA) for additional 4h. For endogenous
Co-IP, the lysates from Hs294T cells were precipitated
with rabbit monoclonal anti-STAT1 antibody (Cell
Signaling Technology, Danvers, MA, USA) or normal
rabbit IgG (Sigma-Aldrich). The immunoprecipitates
were subsequently washed with IP buffer for 1 h at
4°C. Complexes were boiled for 5 min in SDS loading
buffer and subjected to SDS-PAGE. Western blot
analysis was performed with anti-HA, anti-Flag,
anti-MAGEA3 (OriGene), or anti-STAT1 antibodies,
followed by adding anti-mouse or anti-rabbit
antibodies conjugated to horseradish peroxidase
(Promega, Madison, WI, USA). Immunoreactive
bands were analyzed with chemiluminescence.

Co-immunoprecipitation mass spectrometry
(Co-IP/MS) was performed as follows: Flag-
MAGEA3-transfected SK-Mel-28 cells were lysed,
bound to anti-Flag-Agarose gel (Sigma-Aldrich),
eluted with 3xFlag peptide, separated by SDS-PAGE,
and stained with silver. Protein bands of interest were
excised, in-gel proteolyzed, and identified by
MALDI-TOF-MS.

Western blot

Proteins were extracted from transfected Hs294T
cells and separated by SDS-PAGE, transferred to a NC
membrane (GE Healthcare), blocked and probed with
primary specific antibodies, followed by the appropr-
iate secondary antibodies. After washing, the
immunoreactive complexes were detected using a
chemilumenescence reagent (Biodragon, Beijing,
China). Antibodies used in this experiment were as
follows: anti-phosphorylated STAT1 (Cell Signaling
Technology), anti-CDH5 (Cell Signaling Technology),
anti-TFPI2 (Abcam, Cambridge, MA, USA), anti-p-
actin (Bioworld Technology, St.Louis, MN, USA).
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Immunofluorescence

Hs294T cells were grown directly on glass
coverslips for 24 h and then transfected with
MAGEA3-specific siRNA, harvested at 36 h following
transfection, fixed with 4% formaldehyde in PBS for
15 min at room temperature, and then permeabilized
by 100% methanol for 5 min at -20°C. Following 1 h
blocking in 5% skimmed bovine serum albumin, the
cells were incubated overnight with anti-STAT1 or
normal rabbit IgG, and then incubated for 1 h with
FITC-conjugated anti-rabbit IgG (ZSGB Bio, Beijing,
China). Hoechst33342 (Sigma-Aldrich) staining was
performed to visualize the cell nucleus. Images were
captured and analyzed using confocal microscope.

RNA sequencing (RNA seq) and bioinformatics
analysis

Total RNA was isolated from MAGEAS3 silencing
or control cells and performed RNA sequencing at the
Beijing Genomics Institute (Wuhan, China). Functi-
onal enrichment analysis of differentially expressed
genes was performed using Gene Ontology (GO) and
pathway analysis was performed by Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) mapping based
on the Database for Annotation, Visualization, and
Integrated Discovery (DAVID) website (http://david.
abcc.ncifcrf.gov/).

Quantitative RT-PCR (qRT-PCR) analysis

Total RNA was isolated from MAGEAS3 silencing
or control cells with Trizol reagent (Invitrogen) and
subjected for reverse transcription using Reverse
Transcription Kit (Promega) according to the manu-
facturer's instructions. cDNA was synthesized from 2
pg of total RNA. The resulting complementary DNA
was subjected to real-time PCR using SYBR Green
qPCR Master Mix (Promega). f-actin was used as an
internal standard.

Enzyme-linked immunosorbent assay (ELISA)

Culture supernatants were collected from
MAGEA3-silencing Hs294T or control cells, and the
quantities of CXCL1, CXCL10 and CXCL11 were
detected with commercial available ELISA kits
according to the manufacture's procedures. The
ELISA kits for CXCL10 and CXCL11 were purchased
from Biolegend (San Diego, CA, USA), and CXCL1
from Abcam.

Tube formation assay

Formation of capillary structures by tumor cells
was performed as described [11]. Briefly, cells were
transfected with MAGEA3-specific siRNA, and after
36 h of transfection, the cells were transferred to a
48-well plate containing 0.15 mL matrigel matrix (BD

Biosciences, San Jose, CA, USA). After incubation for
12 h, the tubes formed were observed under a
microscope and photographed.

Statistical analyses

All experiments were repeated at least twice
with consistent results. Quantitative results are
presented as mean * SD. The significance of
differences, unless otherwise indicated, was determ-
ined by an unpaired two-tailed Student’s t-test (with
Welch’'s correction for unequal variances where
necessary). All the statistical analysis were performed
with SPSS Statistics version 20 (Armonk, NY, USA)
and GraphPad Prism 6 (San Diego, CA, USA).
Differences were considered statistically significant at
p-value<0.05.

Results

Cancer/testis antigen MAGEAS3 interacts with
STATI

To investigate the biological functions of
cancer/testis antigen MAGEA3 in tumor cells, we
attempted to screen potential interacting partners of
MAGEA3 by Co-IP/MS assay. Considering that the
different vectors and the location of tags have impact
on the expression levels of transfected genes, three
types of expression vectors including pRK-Flag-A3,
pCL-Flag-A3 (Flag at N terminal) and pCL-A3-Flag
(Flag at C terminal) were transfected into human
melanoma SK-Mel-28 cells, respectively. The immun-
oprecipitated complex with anti-Flag were subject to
mass spectrometry analysis, and we identified
transcription factor STAT1 (Fig. 1A), which was also
validated with anti-STAT1 antibody by western blot
(Fig. 1B).

To verify the interaction of MAGEA3 with
STAT1, HEK293T cells were co-transfected with
expression constructs encoding Flag-STAT1 and
HA-MAGEAS3, and whole-cell extracts were subjected
to Co-IP assay. As shown in Figure 1C, consistent
with the mass spectrometry result, exogenously
expressed HA-MAGEA3 and Flag-STAT1 were
reciprocally precipitated with anti-Flag and anti-HA
antibodies. We further investigated the interaction of
endogenously expressed MAGEA3 and STAT1 in
human melanoma Hs294T cells. As shown in Figure
1D, MAGEA3 was co-precipitated with anti-STAT1
antibody. All these data demonstrated that MAGEA3
is associated with STAT1 within tumor cells.

Silencing MAGEA3 up-regulates pY-STATI
expression in Hs294T cells
The interaction between MAGEA3 and STAT1

prompted us to investigate the potential impact of
MAGEA3 on STAT1 expression. We examined the
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level of total STAT1 and its active form—STAT1
phosphorylated at tyrosine 701 (pY-STAT1) in the
presence or absence of MAGEA3. We observed
increased expression of total STAT1 and pY-STAT1 in
MAGEA3 knockdown Hs294T cells, and pY-STAT1
was up-regulated more significantly (Fig. 2A). The
impact of MAGEA3 on STAT1 expression was further
confirmed by immunofluorescence staining. As
shown in Figure 2B, knockdown of MAGEA3 with
siRNA in Hs294T cells up-regulated the expression of
STAT1, especially the active form of STAT1 in the
nucleus.

MAGEAS3 regulates STAT I-related genes
expression

To detect the consequences of MAGEA3
knockdown-induced pY-STAT1 increase in a
biological context, we measured mRNA expression in
MAGEA3 gene-silenced Hs294T cells (two MAGEA3
specific siRNAs were applied: MAGEA3#1 and
MAGEA3#2) by RNA seq analysis. Totally 3083
STAT1-related genes were identified in RNA seq
results based on the database (http://software.
broadinstitute.org/gsea/msigdb/ genesets.jsp), and
heatmap of these genes expression in MAGEA3

knockdown and control groups was shown in Figure
3A. With the criteria of at least a 1.5-fold difference
and p-value<0.05, 342 genes were found to be
up-regulated and 293 down-regulated in MAGEA3#1,
268 wup-regulated and 160 down-regulated in
MAGEA3#2 compared with control group (Fig. 3B),
and of which 274 were common to both MAGEA3#1
and MAGEA3#2 (Fig. 3C).

The function classification of all 274
differentially expressed genes that were identified in
MAGEA3 knockdown Hs294T cells was conducted
with GO enrichment analysis. These genes were
cataloged according to biological processes (BPs),
molecular functions (MFs), and cellular components
(CCs) based on GO database, and the top 15 GO terms
with p-value <0.05 of each domain were shown in
Figure 3D. For BPs, the differentially expressed
STAT1- related genes were primarily enriched in type
I interferon signaling pathway, immune response,
antigen presentation and chemotaxis; for CCs, the
differentially expressed genes were distributed
mainly in cytoplasm membrane, extracellular region
and MHC class I complex; and as for MFs, the
differentially expressed genes were mostly enriched
in chemokine activity and antigen peptides

transporter activity.
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Figure 1. Cancer/testis antigen MAGEA3 interacts with STATI. (A) Silver-stained
SDS-PAGE gels of anti-Flag immunoprecipitates derived from SK-Mel-28 cells transfected with
MAGEA3 expression vectors or control vector. The numbers of polypeptides that yielded
unambiguous MS spectra are indicated. (B) SK-Mel-28 cells were transfected with MAGEA3
expression vectors or control vector, whole-cell extracts were immunoprecipitated with anti-Flag,
and then STATI was detected by western blot. (C) HEK293T cells were co-transfected with
Flag-STAT1 and HA-MAGEA3, whole-cell extracts were immunoprecipitated with anti-Flag or
anti-HA, followed by immunoblotting (IB) with indicated antibodies. Mouse IgG represents a control
antibody used for IP. (D) Whole-cell extracts from Hs294T cells were immunoprecipitated with
anti-STATI, followed by immunoblotting with indicated antibodies. Rabbit IgG represents a control

antibody used for IP.
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analysis by DAVID tool. The genes
differentially expressed in MAGEA3
knockdown Hs294T cells were involved
in 27 KEGG pathways, and the top 15
pathways with p-value<0.05 were
presented in Figure 3E. Consistent with
GO enrichment analysis, differentially
expressed genes were prominently
enriched in signaling pathways of
antigen processing and presentation as
well as chemokine.

The above results suggest that the
expression of MAGEA3 in tumor cells
may be involved in anti-tumor immune
responses by regulating antigen presen-
tation and infiltration of immune cells
into TME mediated by chemokines.

Knockdown of MAGEAS3 in tumor
cells increases the expression of
chemokines and antigen
presentation-related genes

Based on the bioinformatics
analysis of the differentially expressed
STAT1-related genes, chemokine and
antigen processing and presentation
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signaling pathways appear mostly interesting and
relevant, and hence we further validated the genes
associated with these two pathways. The expression
of chemokines CCL3, CCL5, CXCL1, CXCL10 and
CXCL11, which had been reported to bind with the
receptors on Thl cells, CD8* T cells, NK cells,
neutrophils and macrophages and recruit them into
TME to regulate immune responses [12], were
examined with qRT-PCR in MAGEA3 knockdown
Hs294T cells. In accordance with RNA seq results, the
expression of CXCL1, CXCL10, CXCL11, CCL3 and
CCL5 was up-regulated significantly comparing with
control cells (Fig. 4A). Furthermore, the quantities of
secreted form of CXCL1, CXCL10 and CXCL11 in the
supernatants were determined, and CXCL1, CXCL10
and CXCL11 were found to be increased greatly in
MAGEA3 knockdown Hs294T cells compared with
control cells (Fig. 4B). These results indicate that the
expression of MAGEA3 in tumor cells affects the
expression of chemokines and may be involved in

regulating infiltration of immune cells into TME.

Transporter associated with antigen processing
(TAP) and MHC class I are essential for antigen
presentation and T cell activation [13]. Recent report
demonstrated that IFN-inducible protein ISG15 could
enhance surface expression of MHC class I complex
on tumor cells [14]. Given the important roles of
TAP1, TAP2, HLA-B and ISG15 in antigen processing
and presentation as well as their altered expression in
RNA seq analysis, we detected the expression level of
TAP1, TAP2, HLA-B and ISG15 with qRT-PCR. In
line with RNA seq results, the expression of TAP1,
TAP2, HLA-B and ISG15 increased largely in
MAGEA3 knockdown Hs294T cells comparing with
control cells (Fig. 4C), which suggests that the
expression of MAGEA3 in tumor cells represses the
expression of antigen processing and presentation-
related genes and thus may exert a role in inhibiting
tumor specific T cells response.
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Figure 2. Silencing MAGEA3 up-regulates pY-STATI1 expression in Hs294T cells. (A) si-MAGEAS3 or si-NC (negative control) was transfected into
Hs294T cells. Whole-cell extracts were prepared 48 h after transfection and analyzed by immunoblotting with indicated antibodies. Average results from more than
two samples are shown in the right panels. (B) si-MAGEA3 or si-NC was transfected into Hs294T cells, followed by immunofluorescence staining with indicated
antibodies 48 h after transfection. MAGEA3 (red), STATI (green), Hoechst33342 (blue). Scale bar, 50pum. Data are represented as mean * s.d. *p<0.05; *¥p<0.01. All

p-values were calculated using a two-tailed Student’s t-test.
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MAGEAS3 regulates the expression of
vasculogenic mimicry-related genes

Accumulating evidence indicated that VM plays

an important role in driving tumor growth and
metastasis [15]. We noticed the altered expression of
vascular endothelial cadherin (CDHS5), tissue factor
pathway inhibitor 2 (TFPI2) and X-linked inhibitor of
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apoptosis (XIAP)-associated factor 1 (XAF1) in RNA
seq analysis, which have been reported to be
associated with VM formation [16-18]. To confirm the
results from RNA seq, we analyzed the expression of
CDHS, TFPI2 and XAF1 with qRT-PCR and found a
significant decrease in CDH5 expression and an
increase in XAF1 and TFPI2 expression in MAGEA3
knockdown Hs294T cells (Fig. 5A), consistent with

RNA seq results. Further analysis of CDH5 and TFPI2
protein expression by western blot showed that
CDH5 was down-regulated and TFPI2 was
up-regulated significantly in MAGEA3 knockdown
Hs294T cells comparing with control cells (Fig. 5B).
These results show that MAGEA3 regulates
VM-related genes expression in tumor cells.

A.
c cxcL1 c CXCL10 c CXCL11
=10 5 85 = 35
Q ® g
'_V b N *
< 8 * a 65] @ 20
o L 8
2, 2
] 45 T 60
%, 818 g a
m— dedede - b
£ £ £
s = 09 = 2
: : : m o I C
go < 0.0 g o
€  si-NC #1  #2 > si-NC #1_ #2 @x si-NC #1  #2
si-MAGEA3 SI-MAGEA3 si-| MAGEA3
B.
10 CCL3 - » CCL5 _ CXCL1
3 : § e E .
@ g < 16 e @
2 - c .-50
T 6 ) 2
-g 2 * N g * [ QQQ
L = £
£ £ @ 9
s 1 o 2 o
z z g W
g o g 0 O o :
E  siNC #1 #2 siNC #1  #2 si-NC  #1__ #2
si-MAGEA3 si-MAGEA3 si-MAGEA3
C.
CXCL10 CXCL11 S TAP1
= & = O S
ES * £ x L4
-g QQQ E QQQ £ 8
S ¥ O g () b3
= O =R s4
© “J.bb s ® i =
£ ¥ £ N E
g o 3 .0 G2
g ¥ g 9 z
3 S o So
STsi-NG  #1 si-NC #1  #2 siNC #1  #2
si- MAGEA3 si-MAGEA3 Si- MAGEA3
. TAP2 5 HLA-B - ISG15
g5 . s . g 30
: A @
et 26 220
3 ° -
- 2 ] dek E
: £ 2 5"
21 Z Z
c < )
0SNG M @ E7SiNG #1 # ® TSN #1_ #2
si-MAGEA3 si-MAGEA3 SI-MAGEAS

Figure 4. Knockdown of MAGEA3 in tumor cells increases the expression of chemokines and antigen presentation-related genes. (A)
Chemokines expression was examined in si-MAGEA3-transfected-Hs294T cells and control cells by qRT-PCR. B-actin was used as an endogenous control. (B)
Chemokines expression was examined in si-MAGEA3-transfected-Hs294T cells and control cells by ELISA. (C) The expression of antigen presentation-related genes
was examined in si-MAGEA3-transfected-Hs294T cells and control cells by qRT-PCR. B-actin was used as an endogenous control. Data are represented as mean +
s.d. *p<0.05; **p<0.01; ***p<0.001. All p-values were calculated using a two-tailed Student’s t-test.

http://www.medsci.org



Int. J. Med. Sci. 2018, Vol. 15

1709

A.
XAF1
£ 257 £1.57
F: ¥
. 201 A
8 21.04
o 19] o
N 8
E 19 Eo0.51
2 5 z
e} <]
x o 0.0-
si-NC
si-MAGEA3
B.
Ol
Usi-MAGEA3
Ly - o~
7] H#* F*
MAGEA3 ™=
CDH5 W=

B-actin e s——

i-MAGEA3

-

*#

#2

[&]

ZIS

w
MAGEA3 ==

T W < Vi(34kD)
e B <V2(27kD)
. <€V3(24kD)

TFPI2

B-actin  sem————

CDH5 TFPI2
£ 8 kk
k]
©
& g
3 dedede
% 4
Ak E
o )
2
g
x o
#1 #2 si-NC  #1 #2
si-MAGEA3 si-MAGEA3
CDH5
5 1.57
>
o
$ 1.0
g
ok kK
2 051
5
[
14
0.0
si-NC #1 #2
si-MAGEA3
TFPI2
- 3
] *x
E *
c 4
3 2
2
(=3
EER
k]
[
o 0.
si-NC  #1 #2
si-MAGEA3

Figure 5. MAGEAS3 regulates the expression of vasculogenic mimicry-related genes. (A) The expression of VM-related genes was examined in
si-MAGEA3-transfected-Hs294T cells and control cells by qRT-PCR. B-actin was used as an endogenous control. (B) The expression of VM-related genes was
examined in si-MAGEA3-transfected-Hs294T cells and control cells by western blot, V1, V2, V3 represent three variants of TFPI2. Average results from more than
two samples are shown in the right panels. Data are represented as mean * s.d. *p<0.05; **p<0.01; ***p<0.001. All p-values were calculated using a two-tailed

Student’s t-test.

Silencing MAGEA3 impairs formation of
tumor vasculogenic mimicry (VM)

To further understand the effects of MAGEA3 on
tumor VM formation, we performed tube formation
assay. As shown in Figure 6, knockdown of MAGEA3
in Hs294T cells impaired the formation of a complete
capillary-like structure compared with control group,
which suggests that MAGEA3 expression promotes
VM formation mediated by tumor cells.

Discussion

Extensive studies revealed that MAGEA3
expression in tumor cells is associated with increased
metastases, enrichment in stem cell-like populations
and poor clinical prognosis [3, 4, 19]. In this study, we
found that MAGEA3 interacts with STAT1 and
increases the expression level of both total and active

form of STAT1. STAT1, a member of signal transducer
and activator of transcription (STAT) protein family,
is not only crucial for transducing signals from many
pathways through the cytoplasm, but also a
well-known transcription factor in the nucleus that
regulate the expression of a variety of genes [20].
STAT1 modulates a variety of cellular processes, such
as proliferation and cell death, and more importantly,
STAT1 plays a central role in regulating the innate
and adaptive arm of immunity [21-24]. STAT1 is
generally considered as a tumor suppressor, although
there are some reports on its tumor promoting
functions [23]. A correlation of STAT1 expression in
tumor cells with good prognosis has been reported in
several types of cancers [25, 26]. Accumulating
evidence indicated that STAT1 acts as a tumor
suppressor at multiple levels: tumor-intrinsic growth
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control and tumor immune environment modulation.
It was extensively reported that STAT1 transcription-
ally regulates the expression of cell cycle modulators,
pro-apoptotic molecules and death-receptors/ligands
[23]. Moreover, the function of STAT1 in regulation of
innate and adaptive immune responses in tumor
microenvironment (TME) has been best described, for
example, STAT1 regulates the expression of major
histocompatibility complex I (MHC class I) molecules
on the surface of tumor cells which present antigens
to CD8+ T cells for recognition [27]; STAT1 promotes
polarization of macrophages into M1 type by
modulating cytokines expression [28]. In addition, it
has been reported that many chemokines are target
genes of STATI1, such as CCL3, CCL5, CXCL1,
CXCL10 and CXCL11, which play important roles in
recruiting immune cells into TME [29-32]. As different
immune cell subsets have distinct effects on tumor
progression and therapeutic outcomes, thus STAT1
acts as an important regulator of anti-tumor response
in TME.

Our results showed that the expression of active
form of STATI increased significantly in MAGEA3

si-A3#1 si-NC

si-A3#2

Figure 6. Silencing MAGEA3 impairs formation of tumor vasculogenic mimicry (VM).
Hs294T cells were transfected with si-MAGEA3 and si-NC, and capillary-like structure formation of the
cells was tested on Matrigel and photographed under a light microscope. Right pictures were
amplification of the left in red box and red arrows showed capillary-like structures. left scale bar, Imm;

right scale bar, 50um.

knockdown Hs294T cells. To explore the functional
consequence of up-regulated pY-STAT1, we
performed RNA seq and analyzed the differentially
expressed STAT1-related genes in MAGEA3 knock-
down Hs294T cells by bioinformatics. Both GO and
KEGG pathway analysis unveiled the enrichment of
the differentially expressed genes in signaling
pathways of chemokine as well as antigen processing
and presentation, which are closely associated with
anti-tumor immunity in TME [12, 33]. We found
increased expression of chemokines CXCL1, CXCL10,
CXCL11, CCL3 and CCL5 in RNA seq analysis and
they were further validated by biological experiments
in MAGEA3 knockdown Hs294T cells. It was reported
that CXCL10 and CXCL11 can recruit CTLs, Th1l and
NK cells into TME by binding to their receptors
CXCR3 and develop effective tumor suppression;
CXCL1, CCL3 and CCL5 were reported to recruit
neutrophils and macrophages to tumor tissues by
binding to their corresponding receptors CXCR2,
CCR1, CCR3 and CCR5 [12]. The contributions of
CXCL1, CCL3 and CCL5 to anti-tumor immunity in
TME are complex, and whether they function as a
positively or a negatively regulator in
immune responses should depend on
the context and occurred on multiple
levels [29, 34-37].

Antigen processing and presen-
tation is a crucial step for activating T
cells, and inducing MHC class I
molecules expression can enhance
anti-tumor immune responses and
improve effective immunotherapy in
a variety of tumors [38]. Our results
showed that the antigen processing
and presentation-related genes TAP1,
TAP2, HLA-B and ISG15, which are
all target genes of STAT1 [39, 40],
were up-regulated significantly in
MAGEA3 knockdown Hs294T cells.
As we know, TAP plays an essential
role in antigen presentation of MHC
class I molecules by combining with
the endogenous peptides and
transporting them into ER [13], and
ISG15 was recently reported to
enhance MHC class I molecules
expression on tumor cells [14]. The
elevated expression of these genes in
MAGEA3-silencing cells suggests
that MAGEA3 expression suppresses
antigen processing and presentation
and thus may inhibit anti-tumor
immune responses.
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Vasculogenic mimicry (VM), a network of
channels formed by tumor cells with endothelial cells
absent, is usually found in more aggressive tumors.
Accumulated  evidence shows that tumor
cell-mediated VM is associated with tumor invasion,
metastasis and poor prognosis [15]. CDH5, XAF1 and
TFPI2 have been reported to be associated with VM
formation, CDH5 and TFPI2 promoting and XAF1
repressing the formation of VM [16-18]. Our study
indicated that CDH5 was down-regulated, and XAF1
as well as TFPI2 were up-regulated when MAGEA3
was silenced. Furthermore, we found that knockdown
of MAGEA3 impairs the VM formation by
matrigel-based tube formation assay. These results
suggest that the expression of MAGEAS3 in tumor cells
may facilitate tumor progression by promoting VM
formation. It should be pointed out that the altered
expression of TFPI2 in our study is in conflict with
Wolfram's report that TFPI2 promotes VM formation
in melanoma cells C8161 and MUM-2B [17]. Further
investigation is needed to clarify the role of TFPI2 in
VM formation in different cells.

In summary, our study revealed a previously
unrecognized regulation of STAT1 signaling pathway
by MAGEAS3 in tumor cells, and demonstrated that
MAGEAS3 expression in tumor cells may contribute to
tumor immune escape by inhibiting anti-tumor
immune responses and accelerating tumor VM
formation in TME. Our findings will provide new
strategies in MAGEA3-targeted immunotherapy.
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