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microRNA-204 inhibits cell proliferation in T-cell acute 
lymphoblastic leukemia by down-regulating SOX4
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Abstract: Background: MicroRNAs (miRNAs) are a group of small non-coding RNAs that play important roles in the 
pathogenesis of human diseases by negatively regulating gene expression. The aim of this study was to explore 
the effect of miR-204 on cell proliferation migration and invasion in T-cell acute lymphoblastic leukaemia (T-ALL). 
Method: miR-204 expression was determined in bone marrow samples from 32 leukemia patients and 32 healthy 
controls by quantitative real-time PCR (qRT-PCR). The effect of miR-204 on cell proliferation was evaluated by CCK8 
assay, cell migration and invasion were evaluated by transwell migration and invasion assays, In addition, the regu-
lation of SOX4 by miR-204 was evaluated by luciferase reporter assay and western blot. Results: our results revealed 
that miR-204 was low expressed in T-ALL. Cell proliferation assay showed that the cell proliferation ability was inhib-
ited by miR-204 mimics. Moreover, migration and invasion assay suggested that overexpression of miR-204 could 
significantly suppressed the migration and invasion ability of T-ALL cells. Luciferase reporter assay confirmed that 
miR-204 directly bound to the 3’ untranslated region of SOX4, and western blot suggested that miR-204 inhibited 
the expression of SOX4 at the protein levels. Conclusions: Our findings indicated that miR-204 negatively regulates 
SOX4 and inhibited proliferation, migration and invasion of T-ALL cell lines. Thus, miR-204 might represent a poten-
tial therapeutic target for T-ALL intervention.
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Introduction

Acute lymphoblastic leukemia (ALL) is a hema-
tologic malignancy that affects both adults and 
children [1]. T cell ALL (T-ALL) represents about 
15% of ALL cases in children and 25% of adult 
ALL cases [2]. The use of conventional cancer 
therapies has resulted in a complete remission 
rate of 85% and a high cure rate in childhood 
T-ALL, but adult T-ALL patients are at increased 
risk of both early BM recurrence and CNS 
relapse [3, 4]. Despite recent advances in clini-
cal and experimental oncology, the prognosis 
of T-ALL is still unfavorable, with a 5-year over-
all survival rate of approximately 45% for adult 
T-ALL patients [5]. Thus, it is necessary to 
develop novel diagnostic and therapeutic strat-
egies to treat T-ALL patients.

MicroRNAs (miRNAs) are a class of small (19-
25 nt), non-coding RNAs that regulate gene 
expression by base pairing with target mRNAs 
in the 3’ untranslated region (3’-UTR), leading 
to mRNA cleavage or translational repression 

[6]. In the recent years, Emerging evidence 
showed that miRNAs play essential roles in 
tumor cell biological processes, such as cell dif-
ferentiation, proliferation, apoptosis, migration 
and invasion [7, 8]. For example, Yang et al 
showed that miR-506 was downregulated in 
clear cell renal cell carcinoma and inhibited 
renal cancer cell growth and metastasis via 
suppressing FLOT1 expression [9]. Zheng et al 
suggested that miRNA-148a was decreased 
expression in gastric cancer and inhibited gas-
tric cancer cell invasion and metastasis by 
downregulating ROCK1 [10]. Liu et al reported 
that miRNA-196a was overexpressed in non-
small cell lung cancer and promoted non-small 
cell lung cancer cell proliferation and invasion 
through targeting HOXA5 [11]. However, to our 
knowledge the effect of miR-204 in T-ALL 
remains unclear.

In this study, our results revealed that miR-204 
was downregulated in T-ALL. Ectopic expression 
of miR-204 inhibited T-ALL cells proliferation, 
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migration, and invasion. Furthermore, we iden-
tified SOX4 as a direct target of miR-204 and 
showed that miR-204 function as a tumor sup-
pressor by downregulating SOX4, indicating 
miR-204 may represent a potential therapeutic 
target for T-ALL intervention.

Materials and methods

Patients

This study included 32 patients with confirmed 
T-ALL. Their diagnosis was based on routine 
morphological evaluation, immunophenotyping 
and cytochemical smears using the French-
American-British classification. Peripheral 
blood was obtained from patients and healthy 
volunteers. Informed consent was obtained 
from all patients in accordance with the 
Declaration of Helsinki and with approval of the 
Clinical Research Ethics Board of the Xinxiang 
Central Hospital.

Cell culture and transfection

Human acute T-lymphoblastic leukemia cell 
lines Jurkat and MOLT-3 were purchased from 
the American Type Culture Collection (ATCC). All 
cells was cultured in RPMI 1640 media (Life 
Technologies) and supplemented with 10% 
fetal bovine serum (FBS). Cells were main-
tained in a humidified atmosphere with 5% CO2 
at 37°C.

Jurkat and MOLT-3 cell lines were seeded in 
24-well plates at 3×105 cells/wells and incu-
bated overnight. Transfection of the miR-204 
mimic or miR-NC was taken using Lipofectamine 

2000 transfection reagent (Invitrogen). Tran- 
sfection efficiency was monitored by qRT-PCR.

Cell proliferation assay

Cells were seeded into 96-well plates (5×103 
cells per well). Cell viability was assessed by 
cell-counting kit-8 assay (CCK-8, Beyotime 
Institute of Biotechnology). The absorbance of 
each well was read on a spectrophotometer 
(Thermo) at 450 nm (A450). Three independent 
experiments were performed in quintuplicate.

Cell migration and invasion assays

For the determination of cell invasion, transwell 
chambers were coated with 30 μl Matrigel, 
then incubated at 37°C for 40 min. In transwell 
assays with and without Matrigel, cells were 
trypsinized and then seeded in chambers at 
the density of 5×104 cells/well at 48 h after 
transfection. These cells were cultured in RPMI 
1640 medium with 2% serum. Meanwhile 500 
μl of medium supplemented with 10% FBS was 
injected into the lower chambers. After harvest, 
the inserts were fixed and stained in a dye solu-
tion containing 0.1% crystal violet and 20% 
methanol. Cells adhering to the lower mem-
brane of the inserts were imaged with micro-
scope (Olympus).

Luciferase reporter assay

The 3’-UTR untranslated region of SOX4 was 
amplified by PCR and cloned downstream of 
the firefly luciferase gene in the pGL3 vector 
(Promega). The vector was named wild-type 
(Wt) 3’-UTR. Site-directed mutagenesis of the 
miR-204 binding site in SOX4 3’-UTR was per-
formed using the Quick change site-directed 
mutagenesis kit (Stratagene) and named 
mutant (Mut) 3’-UTR. For reporter assays, Wt or 
Mut 3’-UTR vector and the control vector pRL-
CMV (Promega) were cotransfected. The lucifer-
ase assay was performed by using the dual 
Luciferase reporter assay system (Promega) 48 
h after transfection.

RNA isolation and quantitative real-time PCR 
(qRT-PCR)

Total RNA was extracted with Trizol (Invitrogen) 
according to the manufacturer’s instructions, 
and reverse-transcribed into cDNA with the 
Reverse Transcriptase M-MLV (TaKaRa). Real-
time PCR was performed using a SYBR Premix 

Figure 1. miR-204 expression is downregulated in 
T-ALL. miR-204 expression in T-ALL patients (T-ALL) 
(n=32) and healthy volunteers (NC) (n=32) relative to 
U6 detected by using qRT-PCR. *P<0.05.



miR-204 targets SOX4 in T-ALL

9191	 Int J Clin Exp Pathol 2015;8(8):9189-9195

Ex Taq™ kit (TaKaRa) on the iQ5 real-time PCR 
Detection System (Bio-Rad). PCR primers used 
were as follows: SOX4 forward, 5’-CTTGA- 
CATGATTAGCTGGCATGATT-3’ and reverse 5’- 
CCTGTGCAATATGCCGTGTAGA-3’, GAPDH for-
ward, 5’-CCCACTCCTCCACCTTTGAC-3’ and re- 
verse, 5’-ATGAGGTCCACCACCCTGTT-3’. For 
analysis of microRNA expression by qRT-PCR, 
reverse transcription and PCR were carried out 
using Bulge-LoopTM miRNA qPCR Primer Set 
for hsa-miR-204 (RiboBio), and U6 snRNA 
(RiboBio) according to the manufacturer’s 
instructions. Expression of SOX4, relative to 
GAPDH and miR-204, relative to U6, was deter-
mined using the 2-ΔΔCT method.

Western blot

Whole-cell proteins were collected with RIPA 
Buffer (Pierce) and separated by 12% SDS-
PAGE before transfer. The PVDF membrane 
(Merck Millipore) was blocked with 5% non-fat 
milk and incubated with rabbit anti-SOX4 mono-
clonal antibody (Abcam). A β-Actin antibody 
(Abcam) was used as control for normalization. 
The results were obtained by Immobilon™ 

Western Chemiluminescent HRP Substrate 
(Merck Millipore).

Statistical analysis

Statistical analyses were performed using 
SPSS version 18.0. All data are presented as 
the mean ± SD from at least three independent 
experiments. Differences between groups were 
analyzed using Student’s t test or one-way 
ANOVA analysis. P value less than 0.05 was 
considered statistically significant.

Results

miR-204 is highly expressed in T-ALL

To investigate the potential link between miR-
204 and T-ALL, in the present study, we first 
analyzed the expression of miR-204 in normal T 
cells and T-leukemic cells from healthy volun-
teers (NC) and T-ALL patients (T-ALL) by qRT-
PCR. Our data showed that miR-204 was signifi-
cantly upregulated in T-leukemic cells com-
pared to the normal T cells samples (P<0.05, 
Figure 1). These data indicated that miR-204 

Figure 2. miR-204 inhibits cell proliferation, migration and invasion in vitro. A. qRT-PCR assay confirmed that miR-
204 was overexpressed in miR-204 mimic transfected cells, compared with those transfected with miR-NC. B. miR-
204 inhibited Jurkat and MOLT-3 cell proliferation, as determined by CCK-8 assay. C. miR-204 suppressed migration 
ability of Jurkat and MOLT-3 cells, as determined by transwell migration assay. D. miR-204 inhibited invasion capa-
bility of Jurkat and MOLT-3 cells, as determined by transwell invasion assay. *P<0.05.
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might have an important role in T-cell leukemia 
progression. 

miR-204 inhibits T-leukemic cell proliferation, 
migration and invasion

To investigate the function of miR-204 in the 
T-ALL progression, Jurkat and MOLT-3 cells 
were transfected with miR-204 mimics, The 
effect of miR-204 mimics was confirmed by 
qRT-PCR (P<0.05, Figure 2A). Cell proliferation 
assay showed that overexpression of miR-204 
significantly inhibited the proliferation of the 
Jurkat and MOLT-3 cells (P<0.05, Figure 2B). 
Moreover, migration and invasion assay indi-
cated that overexpression of miR-204 could 
significantly suppress the migration and inva-
sion capability of Jurkat and MOLT-3 cells com-
pared with the miR-NC group (P<0.05, Figure 
2C and 2D).

miR-204 targets and negatively regulates 
SOX4 in T-ALL cells 

Next, we explored the molecular mechanism 
through which miR-204 regulated T-leukemic 
cell progression. In the present study, 
TargetScan were used to search for potential 
miR-204 target genes. Among the mRNAs con-
taining miR-204 recognition sites in their 
3’-UTRs, we focused on SOX4, a protein involved 
in tumorigenesis and progression of acute 

myeloid leukemia [12, 13]. To verify that SOX4 
is a direct target of miR-204, SOX4 wild-type 
(Wt) or mutant 3’-UTR was subcloned into a 
luciferase reporter vector and co-transfected 
with miR-204 mimics or scrambled control into 
Jurkat cells (Figure 3A). MiR-204 significantly 
inhibited the luciferase activity of the SOX4 Wt 
3’-UTR but not that of the mutant in Jurkat cells 
(Figure 3B). Furthermore, overexpression of 
miR-204 significantly inhibited SOX4 protein 
expression levels (P<0.05, Figure 3C). These 
evidences suggested that SOX4 is a target 
gene of miR-204 in T-ALL cells.

Knockdown of SOX4 promotes cell prolifera-
tion, migration and invasion

Our results suggested that miR-204 could 
inhibit T-ALL cells proliferation, migration and 
invasion, a specific siRNA introduced into T-ALL 
cells to determine whether downregulation of 
SOX4 had a phenocopy of over-expression of 
miR-204. When si-SOX4 was used, the expres-
sion of SOX4 in Jurkat and MOLT-3 cells was 
significantly decreased determined by qRT-PCR 
(P<0.05, Figure 4A). Furthermore, Decreased 
expression of SOX4 suppressed Jurkat and 
MOLT-3 cell proliferation (P<0.05, Figure 4B). 
Cell migration and invasion capability were also 
decreased in Jurkat and MOLT-3 cells transfect-
ed with si-SOX4 compared with si-NC group 

Figure 3. SOX4 is directly regulated by miR-204. A. Predicted binding of miR-204 to 3’-UTRs of SOX4. B. Luciferase 
assays in Jurkat cells with wild-type (Wt) or mutant (Mut) SOX4 3’-UTR vectors and miR-204 mimic or miR-NC. C. 
Western blot for SOX4 in Jurkat and MOLT-3 cells after transfection with miR-204 mimics or miR-NC. β-actin is a 
loading control. *P<0.05.
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(P<0.05, Figure 4C, 4D). These data indicated 
that knockdown SOX4 expression could mimic 
the effect of miR-204 in T-ALL cells. Negative 
regulation of SOX4 by miR-204 was, at least in 
part, responsible for miR-204-induced T-ALL 
cell progression.

Discussion

T-cell acute lymphoblastic leukemia (T-ALL) is a 
significant health burden world-wide [14]. 
Despite the significant advancements in treat-
ment options, improvements in T-ALL patient 
survival have been limited owing to limited 
capacity for optimal therapeutic decision-mak-
ing [15]. In recent years, numerous miRNAs 
have been identified to be major transcriptional 
regulators involved in many biological process-
es such as cell differentiation and carcinogen-
esis. The aberrant expression of miR-204 is a 
frequent event in various cancers, indicating 
that miR-204 play a critical role in tumorigene-
sis. For example, Wu et al found that miRNA-
204 was downregulated in retinoblastoma and 

inhibited retinoblastoma cell proliferation and 
metastasis by suppressing CyclinD2 and 
MMP-9 expression [16]. Shi et al revealed that 
miRNA-204 inhibited proliferation, migration, 
invasion and epithelial-mesenchymal transition 
in osteosarcoma cells via targeting Sirtuin 1 
[17]. Xia et al showed that miR-204 functions 
as a tumor suppressor by regulating SIX1 in 
non-small cell lung cancer [18]. However, the 
expression level and downstream target genes 
of miR-204 as well as its biological roles in 
T-ALL are still unknown.

The sex determining region Y-box 4 (SOX4) gene 
is a developmental transcription factor which 
belongs to the C subgroup of SRY-related HMG 
box (SOX) transcription factor family [19]. 
Recent studies suggested that SOX4 played 
critical roles in tumor development and pro-
gression [20]. For example, Song et al showed 
that SOX4 expression was significantly 
increased in breast cancer and positively cor-
related with the malignant status. Furthermore, 
they suggested that SOX4 was an independent 

Figure 4. Knockdown of SOX4 inhibits cell proliferation, migration and invasion in vitro. A. qRT-PCR assay con-
firmed that SOX4 was downregulated in si-SOX4 transfected cells, compared with those transfected with si-NC. B. 
Decreased expression of SOX4 inhibited Jurkat and MOLT-3 cell proliferation, as determined by CCK-8 assay. C. 
Knockdown SOX4 expression suppressed migration ability of Jurkat and MOLT-3 cells, as determined by transwell 
migration assay. D. Downregulated SOX4 expression inhibited invasion capability of Jurkat and MOLT-3 cells, as 
determined by transwell invasion assay. *P<0.05.
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poor prognostic factor for breast cancer 
patients [21]. Yang et al found that estrogen 
induced androgen-repressed SOX4 expression 
to promote progression of prostate cancer cells 
[22]. Kang et al demonstrated that miR-129-2 
could suppress proliferation and migration of 
esophageal carcinoma cells through downregu-
lation of SOX4 expression [23].

In our study, we found miR-204 was significant-
ly decreased in T-leukemic cells compared to 
the T-cell samples. Then, we showed that ecto-
pic expression of miR-204 could inhibit cell pro-
liferation, migration and invasion of T-ALL cells, 
indicating that miR-204 may act as a tumor 
suppressor in the regulation of cell growth and 
metastasis in T-ALL cells. However, the underly-
ing mechanisms were still unknown. In further 
study, we showed that SOX4 was a direct target 
of miR-204 and restoration of miR-204 could 
decrease SOX4 expression in T-ALL cells. 
Moreover, knockdown SOX4 expression by 
siRNA has the similar effect of miR-204 in T-ALL 
cells. Taken together, these data demonstrated 
that miR-204 impacted on T-ALL cells partially 
by inactivation of SOX4.

In conclusion, our findings showed that miR-
204 was decreased in T-ALL, and its ectopic 
expression suppressed cell proliferation, migra-
tion and invasion. The tumor-suppressor func-
tion of miR-204 was mediated by the downreg-
ulation of its downstream target gene SOX4. 
These data suggested that miR-204 could be a 
potential therapeutic target for the treatment 
of T-ALL.
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