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Abstract: MicroRNAs (miRNAs) act as tumor regulators in T-cell acute lymphoblastic leukemia (T-ALL). However, the 
molecular mechanisms by which miRNA-139 (miR-139) regulates T-ALL remain unclear. In this study, we found that 
miR-139 was lowly expressed whereas C-X-C chemokine receptor type 4 (CXCR4) was highly expressed in T-ALL cell 
lines and patient samples. The T-ALL patients simultaneously with high levels of CXCR4 and low expression of miR-
139 possessed poor prognosis. Moreover, the introduction of miR-139 inhibited T-ALL cell proliferation and invasion 
in vitro and suppressed tumor growth and lung metastasis in vivo. CXCR4 was identified as a direct target of miR-
139. The suppressive effects of miR-139 were mimicked and counteracted by CXCR4 depletion and overexpression, 
respectively. Overall, the miR-139/CXCR4 axis plays an important role in T-ALL carcinogenesis.
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Introduction

Acute lymphoblastic leukemia (ALL) is a hema-
tologic malignancy arising from hematopoietic 
precursors of lymphoid cells and is the most 
common type of leukemia. T-cell acute lympho-
blastic leukemia (T-ALL) accounts for 15% and 
25% of pediatric and adult ALL cases, respec-
tively [1]. T-ALL originates from the thymus and 
spreads fatally to other organs. Despite great 
improvement in T-ALL therapy by multi-agent 
combination chemotherapy, the overall survival 
rate is still about 60%-70% in children and only 
30%-40% in adults [2, 3]. Thus, identifying the 
factors and potential mechanisms contributing 
to T-ALL and securing advanced treatments are 
necessary and urgent.

microRNAs (miRNAs) are small noncoding RNAs 
that negatively regulate the gene expression by 
mRNA degradation or translational repression 
[4]. The discovery of miRNAs facilitates a new 
understanding of carcinogenesis, particularly 
leukemogenesis [5-7]. Dysregulated miRNA dis-

rupts the hematopoietic system and causes 
leukemia. Several miRNAs, such as miR-203 
[8], miRNA-19 [9], miRNA-193b-3p [10], and 
miRNA-142-3p [11], are involved in T-ALL devel-
opment and progression. Some studies have 
demonstrated the aberrant expression and 
function as well as regulatory network of miR-
139 in leukemia [12, 13]. However, the biologi-
cal functions of miR-139 in T-ALL are still 
unclear.

C-X-C chemokine receptor type 4 (CXCR4) is a 
common chemokine receptor that is highly 
expressed in many human cancers, such as 
breast cancer, ovarian cancer, melanoma, and 
prostate cancer [14]. The C-X-C motif ligand 
(CXCL) 12/CXCR4 axis is regulated by various 
oncogenic pathways and positively correlates 
with metastasis and poor prognosis; hence, tar-
geting CXCR4 could be an effective strategy for 
cancer therapy [15, 16]. Previous reports high-
lighted the essential role of CXCL12/CXCR4 in 
acute myeloid leukemia and B-cell acute lym-
phoblastic leukemia [17, 18]. Recent studies 
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have illuminated the importance of CXCL12/
CXCR4 signaling in the maintenance and pro-
gression of T-ALL [19, 20]. Nevertheless, the 
function and regulatory mechanism of CXCR4 
in T-ALL remain unknown.

In this study, we investigated the expression 
and function link between miR-139 and CXCR4 
and their biological roles in T-ALL. We demon-
strated that miR-139 reduces T-ALL cell prolif-
eration and invasion in vitro by directly target-
ing CXCR4. MiR-139 overexpression or CXCR4 
depletion impaired T-ALL growth and lung 
metastasis in vivo. The inverse correlation 
between miR-139 and CXCR4 was also identi-
fied in T-ALL cells and patient samples. The 
patients with high expression of miR-139 and 
low levels of CXCR4 had long survival time. 
Overall, the results suggest that miR-139/
CXCR4 axis is a promising therapeutic target for 
T-ALL.

Materials and methods

Patients 

Forty patients without radiotherapy and chemo-
therapy signed written consent were enrolled in 
this study. The patients from 2007 to 2009 
were diagnosed basing on routine morphologi-
cal evaluation, immunophenotyping and cyto-
chemical smears according to the WHO criteria 
and then followed up to 2014 or until death. 
This study was approved by the Ethics 
Committee of the First Affiliated Hospital of 
Henan University of Science and Technology.

Bone marrow (BM) sample collection and 
isolation of T cells from BM 

BM samples were harvested for mononuclear 
cells isolation from all the patients and healthy 
donors by using Ficoll-Paque PLUS (Amersham 
Biosciences, Uppsala, Sweden) density-gradi-
ent centrifugation. Normal T cells were isolated 
from mononuclear cells of the healthy donors 
by MACS depletion (Miltenyi Biotec, Bergisch 
Gladbach, Germany).

Cell lines 

Human T-ALL cell lines (HPB-ALL, TALL-1, 
KOPTK1, Jurkat, CCRF-CEM, and Molt16) and 
HEK293T cell line were purchased from the 
American Type Culture Collection (ATCC, Ma- 

nassas, VA, USA). T-ALL cell lines were cultur- 
ed in Roswell Park Memorial Institute 1640 
(RPMI1640; Gibco, BRL, Grand Island, USA) 
supplemented with 10% fetal bovine serum 
(FBS; Gibco). HEK293T cells were grown in 
Dulbecco’s Modified Eagle’s Medium (Gibco) 
containing 10% FBS. All cells were incubated in 
a humidified incubator with 5% CO2 at 37°C. 
Cells from passages 2-4 were used for 
experiments.

Establishment of CCRF-CEM-luciferase (luc) 
cell line 

CCRF-CEM-luc cell line was established as pre-
viously described [21, 22]. Lentivirus pLV-luc 
was purchased from Inovogen Biotechnology 
(Delhi, India) and infected with CCRF-CEM cells. 
After 16 days of screening with puromycin (200 
μg/ml; Sigma, St. Louis, MO, USA), a single 
clone with stable luciferase expression was 
obtained and named CCRF-CEM-luc cell line.

Cell transfection and infection 

MiR-139 mimics and its negative control RNA 
(miR-NC) were synthesized by Qiagen (Hilden, 
Germany). Plasmid pcDNA3.1-CXCR4 was ob- 
tained from Biovector (Beijing, China). Trans- 
fection was performed by electroporation using 
Amaxa NucleofectorTM Device (Lonza, Germany) 
following the manufacturer’s instructions. 
CCRF-CEM cells were transfected with 100 nM 
miR-139 mimics or miR-NC or co-transfected 
with 100 nM miR-139 mimics and 2 μg of 
CXCR4-expressing plasmid in six-well plates for 
in vitro experiments. Lentivirus pGCsilence 
(pGCsi), pGCsi-miR-139, pLKO.1, and pLKO.1-
shCXCR4 were purchased from GenePharma 
(Shanghai, China) and infected with CCRF-CEM-
luc cells. All constructs were confirmed by DNA 
sequencing. After 12 days of screening with 
puromycin (5 μg/ml; Sigma), stable clones were 
generated and harvested for in vivo assays.

Dual-luciferase reporter assay 

For the dual-luciferase report assay, the wild 
type (WT) 3’-UTR of CXCR4 and a variant  
containing mutations in the putative miR-139 
binding sites were inserted downstream of the 
firefly luciferase gene in the pGL3 vector 
(Promega, Madison, WI, USA). The primers used 
to amplify the WT and mutant (MUT) 3’-UTRs 
are listed as follows. WT 3’-UTR, forward: 
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5’-ATACTCGAGAGTCAACATGCCTGCCCCAAAC A- 
3’ and reverse: 5’-CACGCGGCCGCCTAGACAG- 
ACAAGGAAAGTTTAATGG-3’. MUT 3’-UTR, for-
ward: 5’-ATTACGACATGTATCAATGCATAGGGAA- 
GGAA-3’ and reverse: 5’-AAGGGTCGTGGCTCC 
CATGCTCCACGTGAAA-3’. All constructs were 
confirmed by DNA sequencing. CCRF-CEM cells 
were co-transfected with reporter constructs, 
an internal control vector (pGL3), and a synthet-
ic miR-139 mimic. After 48 h of transfection, 
luciferase activity, normalized to the activity of 
Renilla, was determined using the Dual-
Luciferase Reporter Assay System (Promega) 
and a luminometer (Glomax 20/20; Promega) 
following the manufacturer’s protocol.

RNA extraction and quantitative real-time poly-
merase chain reaction (qPCR)

Total RNA was extracted from the cells by using 
TRIzol reagent (Invitrogen) according to the 
manufacturer’s instructions. To quantify the 
miR-139 expression, complementary DNA 
(cDNA) was synthesized with miScript Reverse 
Transcription Kit (Qiagen) and then amplified 
using SYBR Premix Ex Taq™ (TaKaRa, Otsu, 
Shiga, Japan). U6 was used as an internal con-
trol. To quantify the mRNA levels of CXCR4, 
cDNA was generated using the Reverse 
Transcription Kit (Promega). qPCR assay was 
performed using a standard IQTM SYBR Green 
Supermix kit (Bio-Rad, Berkeley, USA), and  
glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) was used as an endogenous control. 
The used primer pairs were miR-139, 5’-TCT- 
ACAGTGCACGTGTCTCCAG-3’; U6 forward 5’-CT- 
CGCTT CGGCAGCAC A-3’, U6 reverse 5’-AAC- 
GCTTCACGAATTTGCGT-3’; CXCR4 forward 5’- 
GTAGA GCGAGTGTTGCCATG-3’, CXCR4 reverse 
5’-TTGAAATGGACGTTTTCATCC-3’; and GAPDH 
forward 5’-ACACCCACTCCTCCACCTTT-3’, GAP- 
DH reverse 5’-TTA CTCCTTGGAGGCCATGT-3’. 
Gene expression was measured in triplicate, 
quantified using the 2-ΔΔCT method, and normal-
ized to a control. All qPCR assays were per-
formed on an Applied Biosystems 7500 system 
(Applied Biosystems, Warrington, UK). 

Cell stimulation 

Cell stimulation was carried out as previously 
described [22]. After being serum- starved for 5 
h at 37°C, cells were stimulated with 100 ng/
ml of CXCL12 for various time periods. After 
stimulation, cells were harvested for analysis.

Cell proliferation assay 

Cell proliferation was determined by Cell 
Counting Kit-8 (CCK-8; Dojindo Laboratories, 
Kumamoto, Japan). CCRF-CEM cells were seed-
ed into 96-well plates at a density of 1 × 103 
cells per well (n = 5 for each time point) in a 
final volume of 100 μl. The cells were cultured 
for 1, 2, 3, or 4 days after transfection with 
miR-NC or miR-139 mimics or miR-139 mimics 
+ CXCR4-expressing plasmid. In accordance 
with the manufacturer’s instructions for CCK-8, 
CCK-8 solution (10 μl) was added to each well, 
and the absorbance at 450 nm was measured 
after incubation for 3 h to calculate the number 
of viable cells. 

Colony formation assay 

The colony-forming activity of CCRF-CEM cells 
was assessed by using MethoCult H4434 
(Stem Cell Technologies, Vancouver, BC, 
Canada) in accordance with the manufacturer’s 
instructions. After 24 h of transfection with 
RNA oligonucleotides, cells were resuspended 
at 1 × 104 cells/ml of MethoCult methylcellu-
lose-based medium. All conditions were per-
formed in triplicate at 37°C and 5% CO2, and 
colonies were counted after 14 days after 
staining with 1% crystal violet (Sigma).

Cell cycle analysis 

CCRF-CEM cells were seeded into 12-well 
plates. After 48 h of transfection with RNA oli-
gonucleotides, the cells were harvested, resus-
pended in PBS, and fixed with ice-cold 70% 
ethanol and treated with 1 mg/ml RNase at 
4°C overnight. Intracellular DNA was labeled 
with 10 μl of propidium iodide (PI, 50 μg/ml; 
Sigma) at 37°C for 30 min and then analyzed 
using a BD FACSCalibur flow cytometer (BD 
Technologies, Carlsbad, CA, USA). The cell pro-
portions in the G1, S, and G2/M phases were 
calculated using ModFit software (Verity 
Software House Inc., Topsham, ME, USA). 

Apoptosis determination 

Apoptosis assay was performed using Annexin 
V-fluorescein isothiocyanate (FITC) Apoptosis 
Detection Kit I (BD Bioscience, San Diego, CA, 
USA) following the manufacturer’s protocol. 
CCRF-CEM cells were treated with 10 μg/ml of 
Vincristine (VCR) before transfection. After 48 h 
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of transfection with RNA oligonucleotides, cells 
were harvested, centrifuged, and resuspended 
in 100 μl of FITC-binding buffer. Approximately 
5 μl of ready-to-use Annexin V-FITC (BD 
Bioscience) and 5 μl of PI were added to the 
mixture. Cells were incubated for 30 min in the 
dark. Annexin V-FITC and PI fluorescence were 
assessed by BD FACSCalibur flow cytometer 
(BD Technologies) and analyzed by CellQuest 
software (BD Bioscience). 

Migration and invasion assays 

An 8-μm Transwell insert (Costar, Dallas, TX, 
USA) was used for the migration assay. A total 
of 5 × 103 cells were suspended in the serum-
free medium and seeded into the upper cham-
ber of the Transwell, and RPMI 1640 medium 
containing 100 ng/ml CXCL12 was added to 
the lower chamber. For invasion assays, 1 × 
104 cells were suspended in serum-free medi-
um and added to the upper chamber of 8-μm 
pore-size Transwells precoated with 200 μl of 
Matrigel (BD Bioscience) at a concentration of 
200 μg/ml. The medium with 100 ng/ml 
CXCL12 was added to the lower chamber as a 
chemoattractant. After 24 h of incubation, the 
filters were fixed in methanol and stained with 
4’-6-diamidino-2-phanylindole (DAPI; Sigma). 
After cells that failed to migrate or invade 
through the pores were carefully removed, five 
random fields were counted per chamber under 
an inverted florescent microscope (Carl Zeiss, 
Berlin, Germany).

Western blotting 

Protein was extracted, separated by sodium 
dodecyl sulfate-polyacrylamide gel electropho-
resis, and transferred onto nitrocellulose  
membranes (Millipore, Bedford, MA, USA). The 
membranes were blocked in Tris-buffered 
saline with 0.2 % of Tween 20 (TBST) contain-
ing 5% non-fat milk. Western blotting was per-
formed with primary antibodies targeting 
CXCR4 (Abcam, Cambridge, UK) and β-actin 
(Abnova, Taiwan, China), followed by the sec-
ondary antibody conjugated with horseradish 
peroxidase (Sigma). Immunoreactivity was visu-
alized by enhanced chemiluminescence kit 
(Santa Cruz Biotechnology, Santa Cruz, CA, 
USA) in accordance with the manufacturer’s 
instruction. 

Terminal transferase-mediated dUTP nick end 
labeling (TUNEL) assay 

TUNEL assay was performed as previously 
described [20]. Tissue specimens were fixed 
with 10% formalin overnight, embedded with 
paraffin, non-serially sectioned (4 μm), and 
mounted onto poly-L-lysine-coated slides. After 
deparaffinization in xylene and rehydration in  
a graded series of ethanol solutions, the sec-
tions were rinsed with PBS and incubated with 
FITC-labeled terminal deoxynucleotidyl trans-
ferase nucleotide mix (Roche, Mannheim, BW, 
Germany) at 37°C for 60 min according to the 
manufacturer’s protocol. Subsequently, the 
sections were washed twice in PBS and coun-
terstained with 10 mg/ml DAPI. TUNEL-positive 
cells were imaged, mounted using a fluorescent 
microscope (Carl-Zeiss), and ultimately expre- 
ssed as a percentage of the total cells deter-
mined by DAPI staining.

In vivo tumor growth, metastasis, and apopto-
sis assays 

Animal experiments were formally approved by 
the Institutional Committee for Animal Research 
and performed in conformity with the national 
guidelines for the care and use of laboratory 
animals. For tumor growth assays, six-week-old 
female mice with severe combined immune 
deficiency (SCID; Institute of Zoology, Chinese 
Academy of Sciences, Beijing, China) received 
subcutaneous injections of 1 × 106 CCRF-CEM-
luc cells with stably expressing miR-139 or 
shCXCR4 or their controls (n = 6 mice/group) 
through the hind flank. At 10, 20, 30, 40, and 
50 days after inoculation, tumor volumes were 
monitored and calculated as follows: tumor vol-
ume = width2 × length/2. All mice were sacri-
ficed at 50 days post-inoculation, and tumors 
were removed and weighed. For apoptosis 
assay, tumor tissues were sectioned and 
stained with TUNEL kits. TUNEL-positive cells 
were examined and calculated under a fluores-
cence microscope (Carl Zeiss). Mice were 
injected with 5 × 106 CCRF-CEM-luc cells with a 
stable expression of miR-139 or shCXCR4 or 
their controls through the tail vein to establish 
the tumor metastasis model. Mice were sacri-
ficed at 5 weeks post-injection, and lungs were 
removed and embedded in paraffin. Three non-
sequential sections per animal were obtained. 
And sections were stained with hematoxylin/
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eosin (Maixin Biotech) and analyzed for metas-
tasis by light microscopy (Carl Zeiss). The total 
number of metastases per lung section was 
determined and averaged. 

Bioluminescence imaging and quantification 

Bioluminescence imaging was conducted as 
previously described [22]. Six-week-old female 
SCID mice were subcutaneously injected with 1 
× 106 CCRF-CEM-luc cells infected with control 
lentivirus or lentivirus expressing miR-139 or 
shCXCR4. Tumor growth was assessed by in 
vivo luciferase imaging of the xenografts at 15 
days after treatment. Mice were intraperitone-
ally injected with D-luciferin (Promega) at a do- 
se of 150 mg/kg per mouse and anesthetized 
during image acquisition with the Xenogen IVIS 
imaging system. Signals in the defined regions 
of interest were quantified as luminescence 
radiance (photons/s/cm2/sr) by Living Image 
software (Xenogen Corporation, Berkeley, CA, 
USA).

Statistical analysis 

Data are expressed as means ± standard devi-
ation (SD) from three independent experiments. 
Data were analyzed by Student’s t-test and 
analysis of variance (ANOVA). Survival curves 
were plotted using the Kaplan-Meier method 
and the survival rate was analyzed by Log-rank 
test. Pearson correlation analysis was con- 
ducted to assess the statistical significance 
between cases with high or low levels of miR-
139 or CXCR4. All P values were two-sided and 
obtained using SPSS 13.0 software package 
(SPSS Inc., IL, USA). P < 0.05 was considered 
statistically significant.

Results

Reduced miR-139 expression and increased 
CXCR4 levels in T-ALL cells 

We initially found that miR-139 levels were sig-
nificantly lower in T-ALL cells (HPB-ALL, TALL-1, 

Figure 1. Expression levels of miR-139 and CXCR4 in T-ALL cell lines. (A and B) qPCR assays were conducted to 
assess miR-139 expression (A) and CXCR4 mRNA levels (B) in T-ALL cell lines (HPB-ALL, TALL-1, KOPTK1, Jurkat, 
CCRF-CEM, and Molt16) and normal T cells. U6 and GAPDH were used as the internal controls, respectively. (C) 
Protein levels of CXCR4 in T-ALL cell lines and normal T cells were determined by Western blot. β-actin was used as 
the endogenous control. (D) Inverse correlation between miR-139 and CXCR4 levels in T-ALL cell lines. All data are 
shown as mean ± SD of three separate experiments. *P < 0.05, **P < 0.01 vs. normal T cell group.
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KOPTK1, Jurkat, CCRF-CEM, and Molt16) than 
that in normal T cells (Figure 1A). qPCR and 
Western blot analyses showed that CXCR4 
expression was enhanced in T-ALL cell lines 
compared with normal T cells (Figures 1B and 
1C). Moreover, CXCR4 expression was inversely 
correlated with miR-139 level in T-ALL cell lines 
(Figure 1D). The CCRF-CEM cell line with the 
lowest level of miR-139 and the highest level of 
CXCR4 was selected for further studies. These 
results suggest that miR-139 and CXCR4 play 
key roles in T-ALL development.

MiR-139 directly targets CXCR4 in T-ALL cells 

The targets of miR-139 were predicted using 
three algorithms, namely, TargetScan, PicTar, 
and miRBase (Figure 2A). Figure 2B shows a 
complementary sequence of miR-139 to the 
3’-UTR of CXCR4 mRNA. Dual-luciferase report-
er assay revealed that miR-139 decreased the 
activity of the luciferase reporter fused to the 
3’-UTR-WT of CXCR4 but did not inhibit that of 
the reporter fused to the MUT version (Figure 
2C). Moreover, the introduction of miR-139 
reduced the mRNA and protein levels of CXCR4 
in CCRF-CEM cells (Figures 2D and 2E). These 
data demonstrate that miR-139 directly targets 
CXCR4 in T-ALL cells.

MiR-139 inhibits T-ALL cell proliferation and 
apoptosis resistance by targeting CXCR4 

We investigated whether CXCR4 is a functional 
target of miR-139. CCRF-CEM cells were treat-
ed with miR-139 mimic or miR-NC or miR-139 
mimic + CXCR4-expressing plasmid in the pres-
ence of 100 ng/ml CXCL12. Cell viability signifi-
cantly decreased in the miR-139-transfected 
cells compared with the miR-NC-treated cells, 
which was markedly attenuated by CXCR4 over-
expression (Figure 3A). MiR-139 reduced the 
colony formation of CCRF-CEM cells, and the 
ectopic expression of CXCR4 rescued the inhib-
itory effects of miR-139 (Figure 3B). The 
increase in G1 phase and decrease in G2/M 
phases by miR-139 were counteracted by 
CXCR4 restoration (Figure 3C). As shown in 
Figure 3D, miR-139 augmented the percentage 
of apoptotic CCRF-CEM cells pretreated with 10 
μg/ml VCR, which was neutralized by CXCR4 
overexpression. These results indicate that 
miR-139 inhibits CXCR4-elicited proliferation 
and apoptosis resistance in T-ALL cells.

MiR-139 reduces the migration and invasion 
of T-ALL cells by downregulating CXCR4

Whether miR-139 suppresses the migration 
and invasion of T-ALL cells by targeting CXCR4 

Figure 2. Identification of CXCR4 as a direct target of miR-139. (A) Putative target genes of miR-139 were predicted 
using TargetScan, PicTar, and miRBase software. (B) Predicted binding sites of miR-139 in the MUT and WT 3’-UTR 
of CXCR4. (C) Dual-luciferase reporter assays were performed 24 h after co-transfection of CCRF-CEM cells with 
miR-NC or miR-139 mimics and a pGL3 construct containing the WT or MUT 3’-UTR of CXCR4. Data were normal-
ized to those from cells co-transfected with miR-NC and pGL3 plasmid. mRNA (D) and protein (E) levels of CXCR4 
in CCRF-CEM cells transfected with miR-NC or miR-139 mimics were detected by qPCR and Western blot assays. 
GAPDH and β-actin were used as internal controls. All data are shown as mean ± SD of three separate experiments. 
**P < 0.01 vs. miR-NC group. WT: wild-type; MUT: mutant.
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was evaluated by Transwell assays. As expect-
ed, miR-139 inhibited the migration of CCRF-
CEM cells, whereas CXCR4 overexpression par-
tially counteracted the decrease (Figures 4A 
and 4B). Similarly, the invasion of CCRF-CEM 
cells was reduced by miR-139, and the inhibi-
tory effect was attenuated by CXCR4 restora-
tion (Figures 4C and 4D). These results demon-
strate that miR-139 potently suppresses the 
CXCR4-mediated migration and invasion of 
T-ALL cells.

MiR-139 overexpression or CXCR4 depletion 
retards tumorigenesis and metastasis of T-ALL 
in vivo 

A xenograft or metastasis mouse model was 
established by the subcutaneous or intrave-
nous injection of CCRF-CEM-luc cells stably 
expressing a miR-139 precursor or shCXCR4 or 
their vector controls. Compared with the con-

ong T-ALL cells. By contrast, qPCR analysis 
showed that CXCR4 expression was higher in 
T-ALL samples than in specimens from healthy 
donors (Figure 6B). Intriguingly, CXCR4 level 
inversely correlated with miR-139 level in T-ALL 
patients (Figure 6C). Moreover, the five-year 
overall survival rate of patients with high miR-
139 levels and low CXCR4 expression was high-
er than that of patients with low miR-139 levels 
and high CXCR4 expression (Figure 6D). These 
findings suggest that miR-139 expression is 
negatively associated with CXCR4 level in T-ALL 
specimens and that the combination of miR-
139 and CXCR4 is a prognostic indicator for 
T-ALL patients.

Discussion

MiRNA and gene expression profiles have pro-
vided valuable insights into the molecular 
mechanisms of leukemia [7]. In this study, we 

Figure 3. MiR-139 reduced the proliferation and apoptosis resistance of T-ALL 
cells by targeting CXCR4. CCRF-CEM cells were transfected with miR-NC or 
miR-139 mimics or miR-139 mimics + CXCR4-expressing plasmid. A. CCK-8 
assay was carried out to determine cell viability. B. Quantitative analysis of 
colony formation of CCRF-CEM cells. C. Flow cytometry analysis of CCRF-CEM 
cell fraction in G1, S, and G2/M phases after 48 h of transfection. D. CCRF-
CEM cells subjected to VCR pretreatment were transfected with miR-NC or 
miR-139 mimics or miR-139 mimics + CXCR4-expressing plasmid. Apoptosis 
was measured by flow cytometry. All data are shown as mean ± SD of three 
separate experiments. *P < 0.05, **P < 0.01 vs. miR-NC group; #P < 0.05 vs. 
miR-139 group.

trol groups, the miR-139 
overexpression or CXCR4 
knockdown group exhibited 
significant reductions in tu- 
mor growth (Figure 5A), vol-
ume (Figure 5B), and weight 
(Figure 5C). Apoptotic cells 
were much more in the 
tumors of the ectopic miR-
139 expression or CXCR4-
silencing group than that in 
the tumors derived from  
the control groups (Figure 
5D). MiR-139 restoration or 
CXCR4 depletion also effec-
tively retarded lung metasta-
ses in vivo (Figure 5E). These 
results indicate that the sup-
pression of T-ALL growth and 
lung metastasis by miR-139 
is mediated by CXCR4 reduc-
tion in vivo.

MiR-139 and CXCR4 expres-
sion levels are highly associ-
ated with the prognosis of 
T-ALL 

Clinically, we found that miR-
139 expression was mark-
edly downregulated in T-ALL 
samples compared with th- 
ose from healthy donors (Fi- 
gure 6A). This finding is con-
sistent with the results am- 
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Figure 4. MiR-139 inhibited the CXCR4-mediated migration and invasion of T-ALL cells. CCRF-CEM cells were trans-
fected with miR-NC or miR-139 mimics or miR-139 mimics + CXCR4-expressing plasmid. (A and B) Migration assay 
was performed for CCRF-CEM cells. Images were captured after 24 h of transfection (A), and the number of migrated 
cells was calculated (B). (C and D) Cell invasion was detected using Transwell chambers (C), and the number of in-
vaded cells was quantified (D). All data are shown as the mean ± SD of three separate experiments. Scale: 10 μm. 
*P < 0.05 vs. miR-NC group; #P < 0.05 vs. miR-139 group.
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found that miR-139 is downregulated in T-ALL 
cells and samples, negatively associating with 
CXCR4 expression. Integrative bioinformatics 
prediction and Dual-luciferase reporter assay 
indicated that CXCR4 is a direct target of miR-
139. Functionally, the inhibitory effects of miR-
139 on T-ALL cell proliferation, apoptosis resis-
tance, and motility were reversed by CXCR4 
restoration in vitro. MiR-139 overexpression 

miR-139 may contribute to the prognostic 
assessment of T-ALL patients. Alemdehy et al. 
[27] evaluated the inhibitory effect of miR-139 
in leukemic transformation. Consistently, our 
results showed that miR-139 significantly  
inhibited CCRF-CEM cell proliferation, migra-
tion, and invasion. These findings indicate that 
miR-139 acts a suppressor in T-ALL carcino- 
genesis.

Figure 5. MiR-139 overexpression or CXCR4 knockdown suppressed tumor growth and metastasis and promoted 
T-ALL cell apoptosis in vivo. SCID mice were injected subcutaneously or intravenously with CCRF-CEM-luc cells that 
were infected with a control lentivirus (Lenti-pGCsi or Lenti-pLKO.1) or a recombinant lentivirus expressing a miR-
139 precursor (Lenti-pGCsi-miR-139) or shCXCR4 (Lenti-shCXCR4). A. In vivo luciferase image for the detection of 
xenograft growth. B. Tumor volume was measured and calculated every 10 days. C. Tumor weight was measured af-
ter 50 days of implantation. D. TUNEL assay was conducted to detect the percentage of apoptotic cells. E. Numbers 
of metastatic foci in the lungs from various groups at 5 weeks after tail vein injection. All data are shown as mean ± 
SD of three separate experiments. *P < 0.05, **P < 0.01 vs. Lenti-pGCsi or Lenti-pLKO.1 group.

Figure 6. MiR-139 and CXCR4 levels are highly associated with the progno-
sis of T-ALL patients. A. qPCR analysis of miR-139 levels in T-ALL samples 
compared with those from healthy donors (HD) (n = 20). U6 was used as the 
internal control. B. mRNA levels of CXCR4 in T-ALL and HD specimens were 
measured by qPCR assays (n = 20). GAPDH was used as the endogenous 
control. C. Correlation between CXCR4 level and miR-139 expression in T-ALL 
specimens (n = 20). D. Five-year overall survival rate of T-ALL patients with 
miR-139 low expression and CXCR4 high level (n = 29) and the patients with 
miR-139 high expression and CXCR4 low level (n = 11). All data are shown as 
mean ± SD of three separate experiments. *P < 0.05 vs. HD group; **P < 
0.01 vs. HD group. HD: healthy donors.

and CXCR4 depletion signifi-
cantly reduced the malignant 
characteristics of T-ALL in 
vivo. The patients with high 
miR-139 levels and low 
CXCR4 expression has high-
er five-year overall survival 
rate than the patients with 
low miR-139 level and high 
CXCR4 expression. Overall, 
these results suggest that 
miR-139 acts as a tumor 
suppressor in T-ALL by tar-
geting CXCR4.

Reportedly, miR-139 is highly 
silenced in numerous tumors 
[13, 23-26]. However, the 
expression of miR-139 in 
T-ALL has rarely been identi-
fied. Herein, we demonstrat-
ed that miR-139 was lowly 
expressed in T-ALL cell lines 
and patient samples. The 
elevated miR-139 expres-
sion is associated with a 
favorable outcome in a co- 
hort of 165 pediatric patients 
with AML [13]. In this study, 
we found that the five-year 
overall survival rate of 
patients with high miR-139 
was obviously higher than 
that of patients with miR-139 
low expression. Therefore, 
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Many studies have revealed that miR-139 tar-
gets different effectors, including CXCR4 [25, 
26]. As an important chemokine receptor, 
CXCR4 elevation frequently emerges and pro-
motes the growth and metastasis of malignan-
cies [25, 26, 28-30]. Similarly, our investigation 
on the intrinsic function of CXCR4 in T-ALL 
revealed that CXCR4 counteracted the inhibito-
ry effects of miR-139 on the proliferation, apop-
tosis resistance, and motility of human T-ALL 
cells in vitro, which is a direct supportive evi-
dence for CXCR4 function. Passaro et al. [19] 
reported that CXCR4 is highly important for 
T-ALL propagation in vivo, and their findings are 
supported by both Notch-induced mouse T-ALL 
and human T-ALL xenograft models. Consi- 
stently, we found that CXCR4 depletion mark-
edly reduced the malignant characteristics of 
T-ALL in vivo. The upregulation of CXCR4 cell 
surface expression was also highlighted in 
diagnostic T-ALL cases [19, 20]. We demon-
strated that, in opposition to miR-139, CXCR4 
was significantly upregulated in T-ALL speci-
mens, and the combination of miR-139 and 
CXCR4 was confirmed as a potential prognostic 
indicator in T-ALL patients.

Our study has limitations in deciphering the 
role of the CXCL12/CXCR4 axis in miR-
139-downregulated T-ALL. Previously, Wani et 
al. [21] illuminated that CXCL12 enhances 
CXCR4-mediated cell migration and ERK and 
STAT3 signaling in breast cancer cells. In the 
present study, we only illuminated the promot-
ing effects of CXCR4 on T-ALL malignancies but 
did not further identify CXCR4 downstream 
molecules and their functions.

In summary, miR-139 is downregulated in 
T-ALL. In vitro and in vivo studies confirmed that 
miR-139 is a novel suppressor of T-ALL by 
directly targeting CXCR4. Furthermore, the 
combination of miR-139 and CXCR4 is a poten-
tial prognostic factor in T-ALL patients. Overall, 
these findings suggest that miR-139 impedes 
T-ALL growth and metastasis by targeting 
CXCR4 and highlight the potential role of miR-
139/CXCR4 in prognostic evaluation and thera-
peutic use of T-ALL patients.
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