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MicroRNA-16 inhibits the proliferation, migration and invasion
of glioma cells by targeting Sal-like protein 4
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Abstract. MicroRNAs (miRNAs or miRs), a class of non-
coding RNAs 18-25 nucleotides in length, act as key regulators
in the development and malignant progression of various
human cancers by modulating the expression of their target
genes. Recently, miR-16 has been demonstrated to be play a
role in glioma. However, the regulatory mechanisms of miR-16
in glioma growth and metastasis remain largely unclear. In
the present study, qRT-PCR revealed that miR-16 was signifi-
cantly downregulated in 23 glioma tissue specimens compared
to 7 normal brain tissue specimens. Moreover, its levels
were markedly lower in the glioma samples at stages T2-T4
compared to those at stage T1. The overexpression of miR-16
significantly suppressed the proliferation, migration and
invasion of U251 and U87 glioma cells. Luciferase reporter
assay identified Sal-like protein 4 (SALL4) as a target gene of
miR-16, and its protein levels were found to be decreased in
miR-16-overexpressing U251 and U87 cells. Furthermore, the
overexpression of SALL4 significantly reversed the suppressive
effects of miR-16 on the proliferation, migration and invasion
of U251 and U87 cells, suggesting that miR-16 playsa tumor
suppressor role in glioma by inhibiting cell proliferation and
invasion through the targeting of SALL4. Finally, we found
that SALL4 was significantly upregulated in glioma tissues
compared to normal brain tissues, and its levels were mark-
edly higher in the glioma tissues at stages T2-T4 compared to
those at stage T1. In addition, the expression levels of SALL4
inversely correlated with the miR-16 levels in glioma tissues,
suggesting that the downregulation of miR-16 contributes to the
upregulation of SALL4 in glioma. On the whole, the findings of
this study indicate a role for the miR-16/SALL4 axis in glioma.
Our data may also provide a potential therapeutic target for the
treatment of glioma.
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Instruction

Glioma is the most common malignant tumor of the brain, and
accounts for approximately 30% of central nervous system
tumors and 80% of all malignant brain tumors (1). Despite the
remarkable development of therapies for other types of cancer in
recent decades, the prognosis of patients with advanced glioma
remains poor, mainly due to its resistance to radiotherapy,
chemotherapy and adjuvant therapies (2-5). The deregulation
of oncogenes or tumor suppressors has been implicated in
glioma (6). Therefore, the investigation of the roles of genetic
and epigenetic factors may aid in the developmetn of novel
diagnostic and therapeutic strategies for glioma (7).

MicroRNAs (miRNAs or miRs), a class of non-coding
RNAs 18-25 nucleotides in length, which are able to suppress
gene expression by targeting the complementary regions of
mRNAs and inhibiting protein translation (8). By negatively
mediating their target genes, miRNAs act as key regulators in a
variety of physiological and pathological biological processes,
including tumorigenesis (9,10). The deregulation of miRNAs
has been observed in glioma, and is associated with tumor
growth, metastasis and drug resistance (11,12). Therefore, the
investigation of the regulatory mechanisms of miRNAs is
important for the treatment of glioma.

Recently, miR-16 has been implicated in the development
and progression of glioma (13). Malzkorn et al investigated
the expression profiles of 157 miRNAs in 4 patients with
primary WHO grade II gliomas that spontaneously progressed
to WHO grade IV secondary glioblastomas, and found that
miR-16 showed increased an expression upon progression,
suggesting that its upregulation may play a role in the progres-
sion of glioma (14). On the contrary, however, the following
studies identified miR-16 as a tumor suppressor in glioma, by
demonstrating that miR-16 exerts inhibitory effects on growth,
migration, invasion, epithelial-mesenchymal transition (EMT),
and angiogenesis in glioma (13,15-17). Moreover, several targets
of miR-16 have been identified in glioma, including Zyxin, Bcl-2,
matrix metalloproteinase (MMP)9 and BMI1 proto-oncogene,
polycomb ring finger Bmi-1 (13,15,17). As one miRNA has
many targets (18), whether other targets are also involved in the
miR-16-mediated inhibition of glioma remains unknown.

Sal-like protein 4 (SALL4) is a zinc finger transcrip-
tion factor, and has been identified as a marker for stem cells,
involved in the maintenance of self-renewal in embryonic stem
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cells (19). Moreover, SALL4 was recently identified as an impor-
tant biomarker for several common human cancers (20,21).
Zhang et al found that SALL4 was significantly upregulated in
glioma, and a high level of SALL4 expression correlated with
a poor outcome (22). A previous study demonstrated that the
upregulation of SALL4, caused by the low expression of miR-107,
inhibited cell apoptosis in glioma (23). Accordingly, SALL4 acts
as an oncogene in glioma, and may become an important target
for the treatment of glioma. However, evidence of the regulatory
mechanisms of SALL4 expression in glioma is limited.

In the present study, we aimed to investigate the regulatory
mechanisms of miR-16 in glioma growth and metastasis. We
found that miR-16 was significantly downregulated in glioma
tissues compared to normal brain tissues, and that the reduced
miR-16 levels were associated with a greater malignancy of
glioma. We further revealed that miR-16 inhibited cell prolifera-
tion, migration and invasion, and EMT in glioma, at least in part
by directly targeting SALL4, which was markedly upregulated
in glioma tissues and inversely correlated with the miR-16 levels.

Materials and methods

Ethics statement and clinical sample collection. This study was
approved by the Ethics Committee of Central South University,
Changsha, China. A total of 23 cases of glioma specimens and
7 cases of non-tumorous brain tissues were collected from the
Second Xiangya Hospital of Central South University between
January 2012 and March 2013. Non-tumorous brain tissues
were collected by the partial resection of normal brain tissue in
order to reduce increased intracranial pressure in the treatment
of severe head injury. All tissue samples were immediately
snap-frozen in liquid nitrogen and stored at -80°C until use.
Written informed consent was obtained from all patients
involved in this study. All glioma patients included 14 males
and 9 females who ranged in age from 35 to 71 years, with a
mean age of 51.3 years. None of the patients had any radio-
therapy or chemotherapy prior to surgical resection. The
glioma specimens were classified according to the World
Health Organization (WHO) criteria (24). Among these glioma
samples, 5 cases were pilocytic astrocytomas (WHO 1), 6 were
diffuse astrocytomas (WHO II), 6 were anaplastic astrocy-
tomas (WHO III), and 6 were glioblastomas (WHO IV).

Cell culture and transfection. The human glioma cell lines,
U87 and U251, were obtained from the Chinese Academy
of Sciences (Shanghai, China). The cells were cultured in
Dulbecco's modified Eagle's medium (DMEM) supple-
mented with 10% fetal bovine serum (FBS) (both from Life
Technologies, Carlsbad, CA, USA) at 37°C in a humidified
incubator containing 5% CO,. Lipofectamine 2000 (Life
Technologies) was used to perform transfection according to
the manufacturer's instructions. Briefly, the U87 and U251
cells were cultured to 70% confluence, and resuspended in
serum-free medium. Scramble miR (miR-NC), miR-16 mimic,
miR-16 inhibitor (all from Genecopoeia, Rockville, MD, USA),
the pc-DNA3.1-SALL4 plasmid (Amspring, Changsha, China),
and Lipofectamine 2000 were diluted in OPTI-MEM (Life
Technologies). The diluted Lipofectamine 2000 was added to
the diluted miR or plasmid, and incubated for 20 min at room
temperature, and then added to the cell suspension. Following
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incubation at 37°C, 5% CO, for 6 h, the transfection mixture
was replaced with DMEM with 10% FBS. The cells were then
cultured for 48 h prior to being used in the following assays.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted from the tissues and cells using TRIzol
Reagent (Life Technologies) in accordance with the manu-
facturer' s instructions. RT-qPCR was used to examine the
relative miR-16 expression using the mirVana™ qRT-PCR
microRNA detection kit (Life Technologies) in accordance
with the manufacturer' s instructions. U6 was used as an
internal reference. The relative mRNA expression of SALL4
was detected by RT-qPCR using the standard SYBR-Green
RT-PCR kit (Takara, Otsu, Japan) in accordance with the
manufacturer's instructions. Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) was used as an internal reference.
For both miRNA and mRNA detection, the reaction conditions
were 95°C for 3 min, followed by 40 cycles of 95°C for 15 sec
and 60°C for 30 sec. The specific primers for miR-16 and U6
were purchased from Genecopoeia. The specific primers for
SALL4 were as follows: forward, 5'-TAGCCCTGCGTA
GCCAGTTA-3" and reverse, 5-TCATGCTTAGTCCACT
GTCTGT-3". The specific primers for GAPDH were as follows:
forward, 5'-ACAACTTTGGTATCGTGGAAGG-3' and
reverse, 5'-GCCATCACGCCACAGTTTC-3'. The relative
expression level was quantified using the 224" method.

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay. Cell proliferation was examined by MTT assay.
The U87 and U251 cells (2x10°) were seeded in a 96-well plate.
Each well was supplemented with 100 ul of fresh serum-free
medium with 0.5 g/l MTT. Following incubation at 37°C, 5%
CO, for 12, 24, 48 and 72 h, the medium containing MTT was
removed, and 50 1 of DMSO were added to each well. Following
incubation at 37°C, 5% CO, for 10 min, the absorbance at
570 nm (A570) of each sample was measured using a plate
reader (Tecan Infinite M200; Tecan, Ménnedorf, Switzerland).

Wound healing assay. Wound healing assay was used to
examine the migratory capacity of the glioma cells. The U87 and
U251 cells were cultured to full confluence. Wounds of approxi-
mately 1 mm in width were created using a plastic scriber. The
cells were washed and then cultured in DMEM containing
10% FBS for 48 h. The cells were then observed and photo-
graphed under a microscope (BX53; Olympus, Tokyo, Japan).

Transwell assay. Cell invasion was examined using 24-well
Transwell chambers with a layer of Matrigel (Chemicon,
Temecula, CA, USA). For each group, 300 ul of cell suspension,
each containing 5,000 cells, was added to the upper chamber.
DMEM containing 10% FBS was added to the lower chamber.
Following culture for 24 h, non-invading cells on the interior of
the inserts were removed using a cotton-tipped swab. Invading
cells on the lower surface of the inserts were stained with
0.1% gentian violet (Sigma, St. Louis, MO, USA), rinsed with
water, and dried in air. The invading cells were observed under
a microscope (BX53; Olympus). The cell number was counted.

Western blot analysis. The cells were lysed in protein lysis
buffer (Xinyu Biotechnology, Shanghai, China). The protein
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Figure 1. (A) RT-qPCR was used to determine the relative expression of miR-16 in 23 cases of glioma tissues and 7 cases of normal brain tissues (normal).
(B) RT-qPCR was used to determine the relative expression of miR-16 in 17 cases of T2-T4 stage of glioma tissues and 6 cases of T1 stage of glioma tissues.

concentration was determined using the BCA Protein assay
kit (Pierce Chemical Co., Rockford, IL, USA). Protein was
separated with 10% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE), transferred onto a PVDF
membrane (Life Technologies), and then blocked in 5% non-fat
dried milk (Mengniu, Beijing, China) in TBST (Sigma) for 2 h.
The PVDF membrane was then incubated with primary anti-
bodies against SALL4 (rabbit polyclonal; ab29112) or GAPDH
(rabbit polyclonal; ab9485) (Abcam, Cambridge, MA, USA) at
4°C overnight, and then washed with TBST 4 times. The PVDF
membrane was incubated with mouse anti-rabbit secondary
antibody (ab99702; Abcam) for 1 h at room temperature, and
then washed with TBST 3 times. The immune complexes
were then detected using the ECL western blotting kit (Pierce
Chemical Co.) and X-film (Kodak, Tokyo, Japan). ImageJ
software was used to analyze the relative protein expression,
represented as the density ratio versus GAPDH.

Bioinformatics analysis. TargetScan Human 7.0 online soft-
ware (Www.targetscan.org) was used to predict the putative
target of miR-16.

Dual luciferase reporter assay. The wild-type (WT) sequence
of the 3'UTR of SALL4 was constructed by PCR and inserted
into the pMiR-Report miRNA Expression Reporter vector
(Thermo Fisher Scientific, Carlsbad, CA USA). The mutant
type (MT) sequence of the 3'UTR of SALL4 was constructed
using the Easy Mutagenesis System kit (Promega, Madison,
WI, USA) in accordance with the manufacturer's instructions,
and then inserted into the pMiR-Report miRNA Expression
Reporter vector. The U87 and U251 cells were co-transfected
with the WT SALL4-3'UTR plasmid (200 ng) or the
MT SALL4-3'UTR plasmid (200 ng), and miR-NC (100 nM)
or miR-16 mimic (100 nM), using Lipofectamine 2000.
Following co-transfection for 48 h, the dual-luciferase reporter
assay system (Promega) was used to determine the activities of
Renilla luciferase and Firefly luciferase. The Renilla luciferase
activity was normalized to the Firefly luciferase activity.

Statistical analysis. The data in this study are expressed as
the means + SD. Statistical analysis was performed using
SPSS 17.0 (SPSS, Armonk, NY, USA). The differences

between 2 groups were analyzed using the Student' t-test. The
differences among more than 2 groups were analyzed using
ANOVA. A value of P<0.05 was considered to indicate a statis-
tically significant difference.

Results

miR-16 is downregulated in glioma. To reveal the role of miR-16
in glioma, RT-qPCR was used to determine its expression levels.
The expression levels of miR-16 were markedly reduced in the
glioma tissues compared to the normal brain tissues (Fig. 1).
Moreover, its levels were markedly lower in the glioma tissues
at stages T2-T4 compared to those at stage T1, suggesting that
its downregulation was associated with the malignant progres-
sion of glioma. Therefore, miR-16 is downregulated in glioma,
and the lower miR-16 levels were associated with its malignant
progression.

miR-16 inhibits the proliferation, migration and invasion
of U87 and U251 glioma cells. As miR-16 was found to be
downregulated in glioma, we transfected the U87 and U251
glioma cells with miR-16 mimic in order to upregulate its
expression. Following transfection, the miR-16 levels were
markedly increased compared with those in the cells trans-
fected with the scramble (control) miR (Fig. 2A and B). MTT
assay, wound healing assay and Transwell assay were further
used to examine the proliferation, migration and invasion of
glioma cells, respectively. We observed that the overexpression
of miR-16 significantly suppressed the proliferation, migration
and invasion of the U87 and U251 cells compared to the control
cells (Fig. 2C-H). Therefore, miR-16 exerts inhibitory effects on
the proliferation, migration and invasion of glioma cells.

SALLA4, a target gene of miR-16, is negatively mediated by
miR-16 in glioma cells. We then investigated the putative targets
of miR-16 in glioma cells. Bioinformatics analysis predicted that
SALLA4 was a potential target gene of miR-16, and their targeting
relationship was evolutionarily conserved (Fig. 3A and B). To
verify their targeting relationship, the luciferase reporter plamids
containing the WT or MT of SALL4 3'UTR were gener-
ated (Fig. 3C and D), and luciferase reporter assay was conducted
using the U87 and U251 cells. As demonstrated in Fig. 3E and F,
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Figure 2. (A and B) RT-qPCR was performed to determine the relative expression of miR-16 in U87 and U251 cells transfected with scramble miR (control) or
miR-16 mimic. (C and D) MTT assay, (E and F) wound healing assay, and (G and H) Transwell assay were used to determine cell proliferation, migration and
invasion in each group, respectively. “P<0.01 vs. control (scramble).
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Figure 3. (A) Targetscan software predicted that Sal-like protein 4 (SALL4) was a potential target gene of miR-16, and (B) their targeting relationship was evolu-
tionarily conserved. (C) The seed sequences of miR-16 in the wild-type (WT) or mutant type (MT) of SALL4 3'UTR are indicated. (D) The WT or MT SALL4
3'UTR were cloned into the luciferase reporter vector. (E and F) The luciferase activity was significantly decreased in U87 and U251 cells co-transfected with
the WT SALL4 vector and miR-16 mimic, but was unaltered in U87 and U251 cells co-transfected with the MT SALL4 vector and miR-16 mimic, compared to
the control group. Control: U87 and U251 cells only transfected with WT SALL4 or MT SALL4 vectors, respectively. NC: cells co-transfected with WT SALL4
or MT SALL4 vector, and scramble miR. “P<0.01 vs. control. (G) RT-qPCR and (H) western blot analysis were used to examine the mRNA and protein levels,
respectively of SALL4 in U87 and U251 cells transfected with scramble miR (control) or miR-16 mimic. “P<0.01 vs. control.

the luciferase activity was significantly decreased in the U87 and
U251 cells co-transfected with the WT SALL4 3'UTR plamid
and miR-16 mimic, but was unaltered in the U87 and U251 cells
co-transfected with the MT SALL4 3'UTR plamid and miR-16
mimic, when compared to the control group, respectively, indi-
cating that SALL4 is a direct target gene of miR-16.

As miRNAs inhibit the expression of their target genes,
we then examined the effects of miR-16 overexpression on
the expression of SALL4 in glioma cells. We found that the
overexpression of miR-16 did not affect the mRNA expression
of SALL4 (Fig. 3G), but significantly inhibited the protein
expression of SALL4 in the U87 and U251 cells (Fig. 3H).
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Figure 4. U87 and U251 cells were transfected with miR-16 mimic with or without pc-DNA3.1-Sal-like protein 4 (SALL4) plasmid. (A and B) Following trans-
fection, the protein level of SALL4 was then examined by western blot analysis. (C and D) MTT assay, (E and F) wound healing assay, and (G and H) Transwell
assay were conducted to examine cell proliferation, migration and invasion, respectively. P<0.05 vs. transfection with miR-16 only.
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tissues (normal). “P<0.01 vs. normal tissues. (B) RT-qPCR was used to determine the mRNA expression of SALL4 in 17 cases of T2-T4 stage of glioma tissues
and 6 cases of T1 stage of glioma tissues. “P<0.01 vs. T1. (C) Western blot analysis was used to determine the protein level of SALL4 in glioma tissues (T) and
normal brain tissues (N). (D) The correlation between the expression levels of miR-16 and SALL4 was analyzed in 23 cases of glioma tissues.

Therefore, miR-16 can inhibit the expression of SALL4 at the
post-transcriptional level in glioma cells by directly targeting
the 3'UTR of SALL4 mRNA.

SALL4 is involved in the miR-16-mediated inhibition of
the proliferation, migration and invasion of glioma cells.
As SALL4 has been reported to be upregulated in glioma
and to be associated with its malignant progression (22), we
speculated that SALL4 may be involved in the miR-16-me-
diated proliferation, migration and invasion of glioma cells.
miR-16-overexpressing glioma cells were transfected with
the pc-DNA3.1-SALL4 plasmid to restore SALL4 expression.
Following transfection, western blot analysis was conducted
to examine the protein levels of SALL4 in each group. The
SALLA4 protein levels were markedly higher in the U87 and
U251 cells co-trasnfected with the miR-16 mimic and SALL4
overexpression plasmid, when compared to the U87 and U251
cells transfected only with the miR-16 mimic (Fig. 4A and B).
Subsequently, MTT assay, wound healing assay and Transwell
assay were performed to examine the proliferation, migration
and invasion of glioma cells in each group, respectively. Our
data demonstrated that the proliferation, migration and inva-
sion of thye U87 and U251 cells were significantly enhanced

following co-transfection with themiR-16 mimic and SALL4
plasmid, when compared to the cells transfected only with the
miR-16 mimic (Fig. 4C-H), indicating that the overexpression
of SALLA4 reversed the suppressive effects of miR-16 overex-
pression on glioma cell proliferation, migration and invasion.
Based on these data, we suggest that miR-16 inhibits the prolif-
eration, migration and invasion of glioma cells, at least partly
by directly targeting SALLA4.

SALL4 is upregulated in glioma tissues and its expres-
sion inversely correlates with the miR-16 levels. Finally, we
conducted RT-qPCR to examine the mRNA levels of SALL4
in glioma tissues and normal brain tissues. We found that
SALL4 was significantly upregulated in thye glioma tissues
compared with the normal brain tissues (Fig. 5A). Moreover,
its mRNA levels were markedly higher in the glioma samples
at stages T2-T4, when compared with those at T1 stage,
suggesting that its upregulation was associated with the malig-
nant progression of glioma (Fig. 5B). Moreover, the results of
western blot analysis further demonstrated that the protein
expression of SALL4 was increased in the glioma tissues
compared with the normal brain tissues (Fig. 5C). In addition,
we found that the mRNA levels of SALL4 inversely correlated
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with the miR-16 levels in glioma tissues (Fig. 5D), suggesting
that the downregulation of miR-16 may be an important cause
for the upregulation of SALL4 in glioma.

Discussion

Recently, miR-16 has been demonstrated to play a role in the
inhibition of the growth and metastasis of glioma (13,15-17).
However, the underlying mechanisms remain to be fully
elucidated. In this study, we found that the miR-16 levels were
markedly decreased in glioma tissues compared to normal
brain tissues, and its downregulation was associated with the
malignant progression of the disease. Further in vitro experi-
ments revealed that the overexpression of miR-16 suppressed
the proliferation, migration and invasion of glioma cells by
directly targeting SALL4, which was significantly upregulated
and inversely correlated with the miR-16 levels in glioma
tissues.

The central tumor suppressor, p53, has been found to
enhance the post-transcriptional maturation of miR-16 with
growth-suppressive function in response to DNA damage (25).
Moreover, miR-16 has been demonstrated to be deregulated
and to play a role in a variety of human cancers. Amaral et al
reported that miR-16 was significantly downregulated in
ACTH-secreting pituitary tumors when compared to normal
pituitary tissues (26). Furthermore, miR-16 has been shown to
be deleted or downregulated in the majority of chronic lympho-
cytic leukemia cases, and to induce the apoptosis of leukemic
cells by directly targeting Bcl-2 (27). Recently, miR-16 was
found to act as a tumor suppressor in glioma (13,15-17). For
instance, Li efr al found that miR-16 inhibited the expression
of Zyxin, and suppressed the proliferation, migration and inva-
sion of high-invasive glioma cells (13). Wang et al reported that
miR-16 suppressed the invasion, adhesion, cell cycle progres-
sion, production of interleukin (IL)-6, IL-8 and transforming
growth factor-f, and EMT-related gene expression, including
vimentin, [3-catenin and E-cadherin in U87 and U251 glioma
cells (16). Yang et al showed that miR-16 suppressed glioma
cell growth and invasion, while it induced cell apoptosis in vitro
and in vivo by inhibiting NF-xB1, MMP9 and Bcl-2 (17). In
the present study, we found that miR-16 was downregulated
in glioma tissues compared to normal brain tissues, and its
downregulation was associated with the tumor grade, TMN
stage and vascular invasion of glioma. These data suggest that
miR-16 may serve as a diagnostic marker for glioma.

Moreover, we identified SALL4 as a direct target gene
of miR-16 by using luciferase reporter assay, and found that
the overexpression of miR-16 led to a significant decrease in
the protein levels of SALL4 in glioma U87 and U251 cells.
SALLA4, a stem cell-related transcription factor, has recently
been demonstrated to play an oncogenic role in many common
human cancers, such as hepatocellular carcinoma, endometrial
cancer, lung cancer, colorectal cancer, esophageal squamous cell
carcinoma and breast cancer, by enhancing tumor cell survival,
growth, metastasis, angiogenesis and drug resistance (28-33).
Recently, Zhang et al reported that the expression of SALL4
was significantly increased in glioma specimens compared to
normal brain tissues, and that its upregulation tightly corre-
lated with a higher pathological grade, as well as with a poor
prognosis (22). Moreover, the knockdown of SALL4 effectively
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suppressed the proliferation of U251 cells (22). Accordingly, we
hypothesized that the tumor suppressive role of miR-16 may
be mediated through the inhibition of SALL4. To verify this
hypothesis, miR-16-overexpressing glioma cells were further
transfected with a pc-DNA3.1-SALL4 plasmid to restore
its protein levels. Our data indicated that the overexpression
of SALL4 reversed the inhibitory effects of miR-16 on the
proliferation, migration and invasion of U87 and U251 cells.
Therefore, we suggest that miR-16 inhibits the malignant
phenotypes of glioma cells by directly targeting SALLA4.
We further found that SALL4 was upregulated in glioma,
consistent with previous findings (22), and that its upregula-
tion inversely correlated with the downregulation of miR-16 in
glioma tissues. These data further suggest that downregulation
of miR-16 may contribute to the upregulation of SALL4 in
glioma. In future studies, we aim to further investigate the role
of miR-16 and SALL4 in glioma in vivo, and to explore the
downstream factors of the miR-16/SALL4 axis in glioma.

In addition, another miRNA (miR-107) was found to play a
role in glioma by targeting SALL4. He et al reported that miR-107
was significantly downregulated in glioma, and suppressed
glioma cell growth by directly targeting SALL4, leading to the
activation of FADD/caspase-8/caspase-3/7 signaling pathway
of cell apoptosis (23). Therefore, our study expands the under-
standing of the functions of miRNAsS in glioma.

In conclusion, this study demonstrates that miR-16 plays
a suppressive role in regulating cell proliferation, migration
and invasion, and EMT in glioma, at least in part by directly
targeting SALL4. Therefore, we suggest that the miR-16/
SALLA4 axis may serve as a potential therapeutic target for the
treatment of glioma.
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