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miR-1193 Suppresses the Proliferation and Invasion of Human T-Cell
Leukemia Cells Through Directly Targeting the Transmembrane 9
Superfamily 3 (TM9SF3)

Liyun Shen, Xingjun Du, Hongyan Ma, and Shunxi Mei

Hematological Department, The Second Affiliated Hospital of Zhengzhou University, Zhengzhou, P.R. China

miRNAs have been involved in various types of cancer, including T-cell leukemia. In this study, the role of
miR-1193 in the proliferation and invasion of T-cell leukemia cells was explored. First, we found that miR-1193
was sharply downregulated in T-cell leukemia cells when compared with normal T cells. miR-1193 markedly
decreased the proliferation and invasion in Jurkat human T-cell leukemia cells. Transmembrane 9 superfam-
ily 3 (TM9SF3) was then predicted to be a potential target gene of miR-1193, the levels of which displayed a
strongly negative correlation with miR-1193 levels in T-cell leukemia patients. We confirmed that TM9SF3
was a target gene of miR-1193 by luciferase reporter gene assay. Finally, gene overexpression and knockdown
experiments in Jurkat cells revealed that TM9SF3 positively regulated cell proliferation and invasion.
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T-cell leukemia

INTRODUCTION

T-cell leukemia represents a minority of lymphocytic
leukemia cases, and the clinical manifestations differ
greatly among patients. It has a poor prognosis and early
relapse, and it is difficult to achieve complete remission
after chemotherapy'. Therefore, T-cell leukemia has been
regarded to be a research hotspot, and it is urgent that
reliable biomarkers are found and effective treatments
are developed.

MicroRNAs (miRNAs) are endogenous tiny RNAs
with a length of ~22 nt that play an important regula-
tory role by targeting specific mRNAs for posttranscrip-
tional degradation or translational repression”. As of this
date, more than 6,000 miRNAs have been identified
in humans’. Some of them have been well studied, but
more need to be investigated. They have been involved in
many cellular events, including cell death, proliferation,
migration, differentiation, and cell cycle control*. miRNA
mutations and dysregulation have been found in various
human cancers, and they can function as tumor suppres-
sors and oncogenes’. Increased expression of miRNAs
usually represents an additional mechanism of oncogen-
esis. A few highly abundant miRNAs regulate leukemo-
genesis through the dominant repression of critical tumor
suppressor or promoter genes’. For example, miR-19
is one of the best-characterized miRNAs, and it could

promote T-cell leukemia development in Notch1-induced
T-cell acute lymphoblastic leukemia in vivo’. Some other
miRNAs, such as miR-223, miR-20a, miR-26a, miR-92,
miR-193b, and miR-143, have also been found to con-
verge on a set of tumor-related genes and regulate T-cell
leukemia cell survival or drug resistance®'".

Recently, miR-1193 was found to be dysregulated in
several pathological processes such as pulmonary fibro-
sis, acute liver failure, and breast cancer development'*™*,
However, its expression pattern and exact role in the devel-
opment of human T-cell leukemia are barely known. In this
study, the levels of miR-1193 in normal human T cells and
T-cell leukemia cells were first detected. We found that
miR-1193 was sharply reduced in T-cell leukemia cells.
miR-1193 was also overexpressed and knocked down in
Jurkat human T-cell leukemia cells, respectively, and the
effect on the proliferation and invasion of T-cell leuke-
mia cells was investigated. Furthermore, we explored the
mechanism through which miR-1193 regulated the prolif-
eration and invasion of T-cell leukemia cells.

MATERIALS AND METHODS
Subjects and Ethics Statement

Thirty healthy volunteers (36.5£12.4 years) and 90
peripheral T-cell leukemia patients (35.5t11.3 years,
including 30 patients at the chronic phase, 30 patients at
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the accelerated phase, and 30 patients at blast crisis) were
enrolled in this study. Peripheral T cells were isolated
by Ficoll-Hypaque density-gradient centrifugation fol-
lowed by flow cytometry. Informed consent was obtained
from all guardians of the patients in accordance with the
Declaration of Helsinki and with approval of the medi-
cal ethics committee of The Second Affiliated Hospital of
Zhengzhou University.

Cell Culture and Transfection

Human normal T-lymphocyte cell line H9 and three
human T-cell leukemia cell lines including C8166-CD4,
HUT?78, and Jurkat were purchased from the American
Type Culture Collection (ATCC; Manassas, VA, USA).
Cells were cultured with RPMI-1640 medium supple-
mented with 10% fetal bovine serum (Invitrogen, Carlsbad,
CA, USA) plus 100 U/ml penicillin and 0.1 mg/ml strep-
tomycin. The cells were maintained in a 5% CO, humidi-
fied incubator at 37°C.

For transfection, Jurkat cells were subgrown in six-well
plates at a density of 10°ml until they reach about 70%
confluence. To investigate the function of miR-1193, the
single-strand oligo miR-1193 mimic, miR-1193 inhibitor,
and negative controls (NCs), which were purchased from
Shanghai GenePharma Co., Ltd. (Shanghai, PR. China),
were transfected into Jurkat cells with Lipofectamine
3000 reagent (Invitrogen) according to the manufacturer’s
instructions. To investigate the function of TM9SF3,
pcDNA-TMOSF3 expression vector (Sangon Biotech,
Shanghai, PR. China), TM9SF3 siRNA (Invitrogen), and
their corresponding controls were respectively transfected
into Jurkat cells with Lipofectamine 3000 reagent.

Real-Time PCR

Total RNA was isolated using TRIzol reagent (Invi-
trogen), and 1 pg of RNA was applied to synthesizing
cDNA using an MMLYV Reverse Transcriptase Kit (TaKaRa,
Da Lian, PR. China). Real-time PCR was conducted using
SYBR Premix Ex TaqTM Kit (TaKaRa). Specific primers
used in this study were designed and synthesized by Sangon
Biotech. The reactions were initially denatured at 95°C for
30 s followed by 40 cycles at 95°C for 10 s and 60°C for 60 s
in ABI 7500 Real-Time PCR System (Applied Biosystems,
Carlsbad, CA, USA). Abundances of the mRNAs were cal-
culated using the 2™**CT method. U6 RNA was regarded as
the reference gene.

Cell Viability and Apoptosis Assays

Following transfection for 48 h, cell viability was mea-
sured using the cell counting kit-8 (CCK-8; Sigma-Aldrich,
St. Louis, MO, USA) assay according to the manufac-
turer’s instructions. Absorbance at the 450-nm wave was
measured. Cell apoptosis was detected with Annexin-V/
PI Cell Apoptosis Kit (Promega, Madison, WI, USA).
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The cells were collected and resuspended in 100 pl of flow
cytometry binding buffer and then stained with 5 ul of
annexin V/FITC and 1 pl of propidium iodide (PI). After
cells were incubated in the dark for 15 min and 400 pl of
binding buffer was added, the cells were finally measured
by FACSCalibur (Becton-Dickinson, San Jose, CA, USA)
to calculate the percentage of early apoptotic cells.

Transwell Invasion Assay

Cell invasion was detected with a Transwell invasion
assay in the Transwell chamber (Corning, Lowell, MA,
USA). The cells that invaded through the membrane
were fixed with methanol and stained with crystal violet.
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Figure 1. miR-1193 was downregulated in T-cell leukemia cells.
(A) miR-1193 was decreased in the peripheral blood T cells in
patients with T-cell leukemia. Peripheral blood T cells were iso-
lated from 30 healthy volunteers and 90 patients with periph-
eral T-cell leukemia at different stages. Total RNA was isolated
from the T cells, and miR-1193 expression was detected with
gPCR. (B) miR-1193 was downregulated in human T-cell leu-
kemia cell lines. The expression of miR-1193 in human normal
T-lymphocyte cell line H9 and three human T-cell leukemia cell
lines including C8166-CD4, HUT78, and Jurkat. *p<0.05 versus
Control, #p<0.05 versus Chronic phase. **p<0.01 versus H9.
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Photographs of six random fields of the fixed cells were
captured, and the number of invading cells was counted
by a countess automatic cell counter (Invitrogen).

Dual-Luciferase Activity Assay

Full-length 3’-untranslated region (3’-UTR) sequence
of TM9SF3 was cloned by PCR and inserted into a p-MIR
luciferase plasmid. A mutated (MUT) 3’-UTR sequence
was produced by MutanBEST Kit (TaKaRa) based on the
wild-type (WT) 3’-UTR. It was then inserted into a p-MIR
luciferase plasmid. miR-1193 mimic or control mimic was
cotransfected with the WT or MUT p-MIR luciferase plas-
mids (Ambion, Austin, TX, USA) into HEK?293 cells. After
transfection for 72 h, luciferase activity was measured with
a microplate reader (Bio-Rad, Hercules, CA, USA).

Western Blotting

Total protein (30 pg) was separated by SDS-
polyacrylamide gel electrophoresis and transferred to the
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polyvinylidene difluoride (PVDF) membranes (Millipore,
Boston, MA, USA). The membranes were then incubated
with specific primary antibodies, including anti-caspase 3
(1:300 dilution; Abcam, Cambridge, UK), anti-Bcl-2 (1:
500 dilution; Abcam), anti-fibronectin (1:500 dilution;
Abcam), anti-MMP-2 (1:200 dilution; Abcam), anti-MMP-9
(1:200 dilution; Abcam), anti-TM9SF3 (1:400 dilution;
Abcam), and anti-GAPDH (1:500 dilution; Abcam) over-
night. The appropriate horseradish peroxidase-conjugated
secondary antibody was added for a 1-h incubation period
at room temperature. The immunoreactive proteins were
visualized with an Anmobilon Western Chemiluminescent
HRP Substrate System (Millipore, Billerica, MA, USA).

Statistical Analysis

All data were presented as mean+SD. Statistics were
calculated with SPSS statistics v19.0 software. Multiple
comparisons were assessed by one-way ANOVA followed
by Dunnett’s tests. The correlation between miR-1193
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Figure 2. miR-1193 overexpression suppressed the proliferation and invasion of Jurkat T-cell leukemia cells. (A) The overexpression
efficiency of the miR-1193 mimic at different concentrations. (B) miR-1193 overexpression suppressed the proliferation of Jurkat
cells. (C) miR-1193 overexpression promoted the apoptosis of Jurkat cells. (D) miR-1193 overexpression suppressed the invasion of
Jurkat cells. (E) miR-1193 overexpression regulated the expression of apoptosis and invasion-related proteins. The miR-1193 mimic at
concentrations of 5, 10, 20, 40, and 80 nM was respectively transfected into Jurkat cells. After incubation for 48 h, the miR-1193 level
was detected with qPCR, cell proliferation was detected with the cell counting kit-8 (CCK-8) assay, cell apoptosis was detected with
flow cytometry, cell invasion was detected with Transwell invasion assay, and the levels of caspase 3, Bcl-2, fibronectin, MMP-2, and
MMP-9 were detected with Western blotting. *p<0.05 versus Ctrl mimic, #p <0.05 versus 5 nM, &p <0.05 versus 10 nM.
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and TMO9SEF3 levels was evaluated by Pearson nonpara-
metric correlation coefficient assay. A value of p<0.05
was considered statistically significant.

RESULTS
miR-1193 Was Downregulated in T-Cell Leukemia Cells

The expression of miR-1193 in peripheral blood T cells
from 30 healthy volunteers and 90 patients with periph-
eral T-cell leukemia at different stages was measured. Our
results showed that miR-1193 was decreased in patients
with chronic-phase T-cell leukemia, and further decreased in
patients with accelerated-phase and blast crisis T-cell leuke-
mia (Fig. 1A). The expression of miR-1193 in human normal
T-lymphocyte cell line H9 and three human T-cell leukemia
cell lines including C8166-CD4, HUT78, and Jurkat was
then measured. The results showed that the miR-1193 level
was decreased by more than 80% in all three T-cell leukemia
cell lines (Fig. 1B). It is worth mentioning that miR-1193
expression was reduced by more than 90% in Jurkat T-cell
leukemia cells (Fig. 1B). These data suggest that miR-1193
may play a role in the progression of T-cell leukemia.
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miR-1193 Suppressed the Proliferation and Invasion
of Jurkat T-Cell Leukemia Cells

To explore the role of miR-1193 in the progression of
T-cell leukemia, the miR-1193 mimic at concentrations
of 5, 10, 20, 40, and 80 nM and the miR-1193 antagomir
at concentrations of 20, 40, and 80 nM were transfected
into Jurkat T-cell leukemia cells. The miR-1193 level was
increased by the miR-1193 mimic in a dose-dependent
manner, and the miR-1193 mimic at concentrations of 20,
40, and 80 nM increased the miR-1193 level by about
sixfold (Fig. 2A). The cell viability assay showed that
the miR-1193 mimic decreased cell viability in a dose-
dependent manner. The miR-1193 mimic at 10 nM reduced
the viability of Jurkat cells by about 30%, and the miR-
1193 mimic at concentrations of 20, 40, and 80 nM
reduced cell viability by more than 50% (Fig. 2B). The
cell apoptosis assay showed that 10 nM of the miR-
1193 mimic and the miR-1193 mimic at concentrations
of 20 nM modestly increased apoptosis, while 40 and
80 nM dramatically increased the apoptosis of Jurkat
cells (Fig. 2C). The Transwell invasion assay showed that
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Figure 3. miR-1193 knockdown promoted the proliferation and invasion of Jurkat T-cell leukemia cells. (A) The knockdown effi-
ciency of the miR-1193 antagomir at different concentrations. (B) miR-1193 knockdown promoted the proliferation of Jurkat cells.
(C) miR-1193 knockdown suppressed the apoptosis of Jurkat cells. (D) miR-1193 knockdown promoted the invasion of Jurkat cells.
The miR-1193 antagomir at concentrations of 20, 40, and 80 nM was respectively transfected into Jurkat T-cell leukemia cells. After
incubation for 48 h, the miR-1193 level, cell proliferation, cell apoptosis, and cell invasion were detected. *p<0.05 versus Ctrl-anta,

#p<0.05 versus 20 nM.
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10 nM of the miR-1193 mimic significantly suppressed the
invasive ability of Jurkat cells, and the miR-1193 mimic at
concentrations of 20, 40, and 80 nM further reduced this
ability (Fig. 2D). Simultaneously, Western blotting analy-
sis showed that 10 nM of the miR-1193 mimic increased
the expression of apoptotic protein caspase 3 and 20 nM
of the miR-1193 mimic further increased this expres-
sion (Fig. 2E). The miR-1193 mimic at 10 nM reduced
the expression of antiapoptotic protein Bcl-2 and several
invasion marker proteins, including fibronectin, MMP-2,
and MMP-9, and 20 nM of the miR-1193 mimic fur-
ther reduced this expression (Fig. 2E). In contrast to the
results from the miR-1193 mimic transfection, the miR-
1193 antagomir decreased the miR-1193 level in a dose-
dependent manner in Jurkat cells. The miR-1193 antag-
omir at 20 nM decreased the miR-1193 level by about
50%, and the miR-1193 antagomir at concentrations of
40 and 80 nM decreased the miR-1193 level by about
80% (Fig. 3A). The miR-1193 antagomir at 20 nM did not
affect the viability, apoptosis, or invasion of Jurkat cells,
whereas the miR-1193 antagomir at concentrations of 40
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and 80 nM slightly increased cell viability and invasion,
as well as suppressed cell apoptosis (Fig. 3B-D). These
data indicated that miR-1193 suppressed the proliferation
and invasion of Jurkat T-cell leukemia cells.

TMOSF3 Is a Target Gene of miR-1193

To investigate the underlying mechanism from which
miR-1193 suppressed proliferation and invasion of T-cell
leukemia cells, TargetScan online bioinformatic software
was used to search the target gene of miR-1193. The
results showed that TM9SF3 was a potential target gene
of miR-1193 (Fig. 4A). miR-1193 significantly decreased
the luciferase activity of the WT TM9SF3-3'UTR lucif-
erase reporter gene plasmid but had no effect on the
MUT luciferase reporter gene plasmid (Fig. 4B and C).
Furthermore, we measured the effect of miR-1193 on the
expression of TM9SF3 protein. Western blotting analysis
showed that the miR-1193 mimic sharply decreased and
the miR-1193 antagomir significantly increased TM9SF3
protein expression (Fig. 4D). These results demonstrated
that TM9SF3 is a target gene of miR-1193.
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Figure 4. TMOSF3 is a direct target gene of miR-1193. (A) TargetScan online bioinformatic software reveals that there is a binding
site of miR-1193 in TM9SF3 3’-untranslated region (3’-UTR). (B) Details of wild-type (WT) and mutant (MUT) TM9SF3 3’-UTR
sequences inserted in luciferase reporter gene plasmids. (C) Luciferase activity assay for WT and MUT luciferase reporter gene
plasmids in HEK293 cells. (D) The effect of miR-1193 overexpression and knockdown on the expression levels of TM9SF3 protein.

#4p<0.01.
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TM9SF3 Was Upregulated in T-Cell Leukemia Cells,
and it Positively Regulated the Proliferation and
Invasion of Jurkat T-Cell Leukemia Cells

The exact role of TM9SF3 in the regulation of car-
cinogenesis has not been revealed. The expression of
TMOSF3 in peripheral blood T cells from 30 healthy vol-
unteers and 90 patients with peripheral T-cell leukemia
at different stages was measured. The results showed
that TM9SF3 mRNA and protein were upregulated in
patients with chronic-phase T-cell leukemia, and further
increased in patients with accelerated-phase and blast cri-
sis T-cell leukemia (Fig. SA and C). In cultured cell lines,
levels of TM9SF3 mRNA and protein were increased
by more than fourfold in all three T-cell leukemia cell
lines, and they were increased by more than sixfold in
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Jurkat cells (Fig. 5B and D). Pearson nonparametric
correlation coefficient assay revealed that the TM9SF3
protein levels had a strongly negative correlation with
miR-1193 levels in 22 patients randomly selected from
the 90 patients (Fig. SE).

Finally, to investigate the exact role of TM9SF3 in
the proliferation and invasion of T-cell leukemia cells,
TMOSF3 was overexpressed via the pcDNA-TM9SF3
expression vector or knocked down via the TM9SF3
siRNA. The pcDNA-TMO9SF3 expression vector at con-
centrations of 2 and 4 pg/ml markedly increased the
level of TMOSF3 protein (Fig. 6A). Similar to the effect
of the miR-1193 antagomir on Jurkat cells, the pcDNA-
TMOSF3 vector at concentrations of 2 and 4 ug/ml slightly
increased cell viability and invasion and suppressed cell
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Figure S. TMISF3 was upregulated in T-cell leukemia cells, and its levels were negatively related with miR-1193 levels. (A) TM9SF3
mRNA was upregulated in the peripheral blood T cells in patients with T-cell leukemia. (B) TM9SF3 mRNA was upregulated in
human T-cell leukemia cell lines. (C) TM9SF3 protein was upregulated in the peripheral blood T cells in patients with T-cell leukemia.
(D) TMOSF3 protein was upregulated in human T-cell leukemia cell lines. Peripheral blood T cells were isolated from 30 healthy
volunteers and 90 patients with peripheral T-cell leukemia at different stages. Total RNA and total protein were isolated from the T
cells. TM9SEF3 mRNA and protein levels in peripheral blood T cells, human normal T-lymphocyte cell line H9, and three human T-cell
leukemia cell lines including C8166-CD4, HUT78, and Jurkat were detected with gPCR and Western blotting. (E) TM9SE3 levels
were negatively related with miR-1193 levels in 22 patients randomly selected. *p<0.05 versus control, #p<0.05 versus Chronic

phase, **p<0.01 versus H9.
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apoptosis (Fig. 6B-D). Additionally, 30 nM TMO9SF3
siRNA significantly decreased the TM9SE3 protein level,
and the TM9SF3 siRNA at concentrations of 60 and 90
nM dramatically decreased TM9SF3 protein expression
(Fig. 7A). Similar to the effect of the miR-1193 mimic on
Jurkat cells, TM9SF3 siRNA at concentrations of 60 and
90 nM dramatically decreased cell viability and invasion
and promoted cell apoptosis (Fig. 7B-D). TM9SF3 siRNA
at 30 nM increased caspase 3 expression and reduced the
levels of Bcl-2, fibronectin, MMP-2, and MMP-9; 60 nM
of TMI9SF3 siRNA further increased caspase 3 expres-
sion and further reduced the levels of Bcl-2, fibronectin,
MMP-2, and MMP-9 (Fig. 7E). These data indicated that
TMOSF3 positively regulated the proliferation and inva-
sion of T-cell leukemia cells.

DISCUSSION

miR-1193 was discovered in human melanoma tis-
sues in 2000". There were rare reports on the func-
tion of miR-1193. Quite recently, Li et al. reported that
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miR-1193 was sharply reduced in breast cancer tissues
and cell lines, and it suppressed the proliferation and
invasion of breast cancer cells'®. In this study, we also
found that, compared with healthy volunteers and a
normal T-lymphocyte cell line, miR-1193 was sharply
reduced in peripheral blood T cells of T-cell leukemia
patients and cell lines. Moreover, gain- and loss-of-
function experiments revealed that miR-1193 was able
to inhibit proliferation and invasion.

The regulation of gene expression by miRNAs is com-
plex. Many mRNAs contain binding sites for multiple
miRNAs and, likewise, most miRNAs potentially target
a number of genes'’. In breast cancer cells, miR-1193
binds the insulin-like growth factor 2 mRNA-binding
protein 2 (IGF2BP2) mRNA at the 3’-UTR region and
suppresses the activation of the ERK and PI3K/Akt
proto-oncogene pathways at the downstream IGF2BP2
gene'®. Our results showed that miR-1193 targeted the
TMOISF3 mRNA at the 3"-UTR region and suppressed
expression of TM9SF3 and TM9SF3-mediated prolif-
eration and invasion in T-cell leukemia cells.
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Figure 6. TMOSF3 overexpression promoted the proliferation and invasion of Jurkat cells. (A) The overexpression efficiency of the
pcDNA-TMOSF3 vector at different concentrations. (B) TM9SF3 overexpression promoted the proliferation of Jurkat cells. (C) TM9SF3
overexpression suppressed the apoptosis of Jurkat cells. (D) TM9SF3 overexpression promoted the invasion of Jurkat cells. The pcDNA-
TMOSF3 vector at concentrations of 1, 2, and 4 ug/ml was respectively transfected into Jurkat T-cell leukemia cells. After incubation for
48 h, the TMOSF3 protein level, cell proliferation, cell apoptosis, and cell invasion were detected. *p<0.05 versus Vector.
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Figure 7. TM9SF3 knockdown suppressed the proliferation and invasion of Jurkat cells. (A) The knockdown efficiency of the TM9SF3
siRNA at different concentrations. (B) TM9SF3 knockdown suppressed the proliferation of Jurkat cells. (C) TM9SF3 knockdown pro-
moted the apoptosis of Jurkat cells. (D) TM9SF3 knockdown suppressed the invasion of Jurkat cells. (E) TM9SF3 knockdown regulated
the expression of apoptosis and invasion-related proteins. The TM9SF3 siRNA at concentrations of 30, 60, and 90 nM was respectively
transfected into Jurkat cells. After incubation for 48 h, the protein TM9SF3 level, cell proliferation, cell apoptosis, cell invasion, and the
protein levels of caspase 3, Bcl-2, fibronectin, MMP-2, and MMP-9 were detected. *p<0.05 versus Ctrl-anta, #5<0.05 versus 30 nM.

TMOSFs are a family of nonaspanin proteins, char-
acterized by a large noncytoplasmic domain and nine
putative transmembrane domains'®. The family is highly
conserved through evolution and comprises four mem-
bers in mammals (TM9SF1-TM9SF4). Genetic studies
revealed that TM9SF members played an irreplaceable
role in adhesion and phagocytosis of immune cells'. It
was shown that TM9SFs were transcriptionally regu-
lated by TNF receptor-associated factor 2 (TRAF2),
which is closely linked to immune development and
tumor progression®. Recently, TM9SF3 was found to
affect dysregulation in several types of cancer, suggest-
ing that it might play an important role in carcinogen-
esis’'. A serial analysis of gene expression showed that
TMOYSF3 was upregulated in gastric cancer tissues™.
TMOSF3 expression was significantly correlated with
depth of invasion and tumor stage in scirrhous-type

gastric cancer, indicating that TM9SF3 may serve as a
prognostic factor. In addition, oligonucleotide micro-
array analysis identified TM9SF3 and 27 other genes
that are correlated with the resistance of paclitaxel and
SAHA in breast cancer”. However, the exact role of
TMOSF3 in the regulation of carcinogenesis has not
been revealed. In this study, we found that TM9SF3 was
significantly upregulated in peripheral blood T cells of
T-cell leukemia patients and cell lines. TM9SF3 posi-
tively regulated the proliferation and invasion of T-cell
leukemia cells.

In conclusion, the present study proved that miR-1193
suppresses proliferation and invasion in human T-cell
leukemia cells through directly targeting the newly iden-
tified proto-oncogene TM9SF3.
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