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MicroRNAs (miRNAs) play important roles in the pathogenesis of many types of cancers by negatively
regulating gene expression at posttranscriptional level. However, the role of microRNAs in leukaemia,
particularly T-cell acute lymphoblastic leukaemia (T-ALL), has remained elusive. Here, we identified miR-
664 and its predicted target gene PLP2 were differentially expressed in T-ALL using bioinformatics

Kgywords: methods. In T-ALL cell lines, CCK-8 proliferation assay indicated that the cell proliferation was promoted
;1'152'664 by miR-664, while miR-664 inhibitor could significantly inhibited the proliferation. Moreover, migration
TALL and invasion assay showed that overexpression of miR-664 could significantly promoted the migration

and invasion of T-ALL cells, whereas miR-664 inhibitor could reduce cell migration and invasion. lucif-
erase assays confirmed that miR-664 directly bound to the 3'untranslated region of PLP2, and western
blotting showed that miR-664 suppressed the expression of PLP2 at the protein levels. This study
indicated that miR-664 negatively regulates PLP2 and promotes proliferation and invasion of T-ALL cell

lines. Thus, miR-664 may represent a potential therapeutic target for T-ALL intervention.

© 2015 Published by Elsevier Inc.

1. Introduction

Acute lymphoblastic leukemia (ALL) is a hematologic malig-
nancy arising from hematopoietic precursors of the lymphoid
lineage. ALL is the most common leukemia in pediatrics. Nearly up
to 80% of ALL cases occurs in children. T-cell acute lymphoblastic
leukemia (T-ALL) is the ALL transformed from developing thymo-
cytes and resulting from cooperative genetic lesions. Generally,
these genetic aberrations affect multiple biological processes, e.g.
self-renewal, proliferation and survival, as well as block differen-
tiation of precursor T cells [1].

The discovery of MicroRNAs (miRNAs) opened a new generation
of the understanding of carcinogenesis in general and leukemo-
genesis in particular [2]. miRNAs are small, non-coding RNAs which
could negatively regulate the expression of target genes by trans-
lational repression or mRNA degradation [3]. They are involved in
in the management of hematopoiesis [2]. Therefore, miRNA dys-
regulation causes disruption of the hematopoietic system and
leukemia may arise. Many miRNAs, e.g. miR-2909 [4], miRNA-193b-
3p[5], miRNA-128-3p [6] and miRNA-100/99a [7], are found to play
roles in the carcinogenesis of T-ALL.
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In this study, we analyzed the miRNA and mRNA expression data
from T-ALL samples and normal T-cell controls and identified miR-
664 as a new potential T-ALL-related miRNAs with a predicted and
target gene PLP2. Further wet experiment in T-ALL cell lines
confirmed that miR-664 directly bound to the 3'untranslated re-
gion of PLP2, and suppressed the expression of PLP2 at the protein
levels. Moreover, modulation of miR-664 expression affected pro-
liferation and invasion of T-ALL cell lines.

2. Materials and methods
2.1. miRNA and mRNA profile data Collection

miRNA and mRNA profiles data of T-ALL and normal control
samples were collected from GEO database (www.ncbi.nlm.nih.
gov/gds, GSE56489, GSE41621, GSE46170). After quality control,
43 children with T-ALL and 14 age-matched healthy controls were
included in miRNA analysis, while 49 children with T-ALL and 9
age-matched healthy controls were included in mRNA analysis.

2.2. Identification of differentially expressed miRNA and mRNA

The identification of differentially expressed miRNA and mRNA
in children with T-ALL tissues were performed with Limma package
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on R platform using download miRNA and mRNA profiles data as
mentioned above. The cutline of significantly differentially
expressed miRNA and mRNA is P. value <0.01 (t test).

2.3. miRNA target genes prediction

Human miRNA target genes prediction were performed with
miRNA sequences that downloaded from the Rfam website (http://
www.sanger.ac.uk/Software/Rfam) and satisfy the established
criteria [8]. 3’ UTR sequences data for human genes were retrieved
using EnsMart [9]. Repetitive elements in these sequences were
masked by RepeatMasker [10] with repeat libraries for vertebrates,
rodents, or primates, as appropriate. The target genes of miRNAs
were predicted using DIANA [11], miRanda [12] and TargetScan [13]
methods. The predicted target genes supported by all the three
methods were selected for further analysis.

2.4. Integrative network analysis

The integrative network analysis of differentially expressed
miRNAs and mRNAs was performed with Cytoscape software. The
molecular network used in this analysis was constructed with

predicted miRNA-mRNA interaction data and experimental vali-
dated human Protein—Protein interaction data (Downloaded from
BioGrid database and HPRD database). The in-depth analysis of this
network facilitated deciphering the complex interplay of differen-
tially expressed miRNAs and corresponding target mRNAs and
suggested their possible roles in the carcinogenesis of T-ALL.

2.5. Cell culture

The human T-ALL cell lines, CCRF-CEM was obtained from
American Type Culture Collection (ATCC, USA). and Jurkat was
obtained from the Chinese Center for Type Cultures Collections
(CCTCC, China). The CCRF-CEM and Jurkat cell line was cultured in
RPMI 1640 media (Life Technologies, Shanghai, China) and sup-
plemented with 10% fetal bovine serum (FBS) (Life Technologies,
Shanghai, China). Cells were maintained in a humidified atmo-
sphere with 5% CO2 at 37 °C.

2.6. Cell transfection

CCRF-CEM and Jurkat cell lines were seeded in 24-well plates at
3 x 10° cells/wells and incubated overnight. Transfection of the
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Fig. 1. Regulatory networks of differentially expressed miRNAs and corresponding target genes in T-ALL. Red means this molecule was up-regulated in ALL, while green means
down-regulated. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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miR-664 miRNA mimic, the anti-miR-664, inactive control cel-mir-
67 (Life Technologies, Shanghai, China), or pMIR-Report vectors
was taken using Lipofectamine 2000 transfection reagent (Invi-
trogen, Shanghai, China) with 300 nmol of miRNA or 1 pg/ml DNA
plasmid, respectively. Total proteins of CCRF-CEM and Jurkat cells
were isolated at 48 h after transfection.

2.7. Cell proliferation

Cell proliferations were measured using a Cell Counting Kit-8
(Dojindo, Kumamoto, Japan). CCRF-CEM and Jurkat T-ALL cells
were plated in 24-well plates at 3 x 10° cells/well. Then cells were
incubated in 10% CCK-8 which was diluted in normal culture me-
dium at 37 °C for color conversion. Proliferation rates were deter-
mined at 24, 48 and 72 h after transfection.

2.8. Cell migration and invasion

Cell invasion and migration were measured using a transwell
chamber (Corning, Shanghai, China) with and without Matrigel
(Invitrogen, Shanghai, China). For the determination of CCRF-CEM
and Jurkat T-ALL cells invasion, transwell chambers were placed
into 24-well plates, and coated with 30 pl Matrigel, then incubated
at 37 °C for 40 min. In transwell assays with and without Matrigel,
CCRF-CEM and Jurkat cells were trypsinized and then seeded in
chambers at the density of 8 x 10% cells/well at 48 h after trans-
fection. These cells were cultured in RPMI 1640 medium with 2%
serum. Meanwhile 600 pl of 10% FBS-1640 was added to the lower
chamber. After 24 h, migrated CCRF-CEM and Jurkat cells were fixed
in 100% methanol for 30 min. These non-migrated CCRF-CEM and
Jurkat cells were removed by cotton swabs. After that cells on the
bottom surface of the membrane were stained with the 0.1% crystal
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violet for 20 min. Images of CCRF-CEM and Jurkat cells were taken
under a phase-contrast microscope.

2.9. Luciferase assay

CCRF-CEM and Jurkat cells were seeded in 24-well plates at
1 x 10° cellsjwell and incubated for 24 h before transfection. In the
reporter gene assay, the CCRF-CEM and Jurkat cells were co-
transfected with 0.6 pug of pGL3-PLP2-3’UTR or pGL3-PLP2-3'UTR
Mut plasmid, 0.06 ng of the phRL-SV40 control vector (Promega,
Shanghai, China), and 100 nM miR-664 or control RNA using Lip-
ofectamine 2000 (Invitrogen, Shanghai, China). The renilla and
firefly luciferase activities were determined with a dual luciferase
assay (Promega, Shanghai, China) 24 h after transfection.

2.10. Western blot

The Western blot followed a previously described protocol [14].
Proteins were separated by 12% SDS-PAGE gel and transferred onto
nitrocellulose membranes (Bio-Rad, Shanghai, China). Membranes
was blocked by 5% non-fat milk and incubated with anti-PLP2
antibody (Abcam, Shanghai, China) or anti-B-actin antibody
(Abcam, Shanghai, China). After being washed extensively, the
secondary antibody (Abcam, Shanghai, China) was then added to
the system. Finally, Immunoreactive protein bands were detected
with the Enhanced Chemiluminescence (ECL) system.

2.11. Statistical analysis

Experiments were repeated at least three times. Statistical an-
alyses were performed using R 3.0.3. Values were expressed as
means + S.D. Differences between groups were estimated with T-
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Fig. 2. miR-664 regulates T-ALL cell proliferation, migration and invasion. (A) Growth of CCRF-CEM cells was shown after transfection with miR-664 mimics or inhibitor or inactive
control. The growth index as assessed at 0, 24, 48 and 72 h. (B) Growth of Jurkat cells was shown after transfection with miR-664 mimics or inhibitor or inactive control. The growth
index as assessed at 0, 24, 48 and 72 h. The growth index as assessed at 0, 24, 48 and 72 h. (C) Transwell analysis of CCRF-CEM cells migration after treatment with miR-664 mimics,
inhibitors or inactive control; (D) Transwell analysis of Jurkat cells migration after treatment with miR-664 mimics, inhibitors or inactive control; (E) Transwell analysis of CCRF-
CEM cells invasion after treatment with miR-664 mimics, inhibitors or inactive control; (F) Transwell analysis of Jurkat cells invasion after treatment with miR-664 mimics, in-

hibitors or inactive control; *p < 0.05, **p < 0.01, and ***p < 0.001.
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test. T-ALL analysis were considered to be significant when P.
value<0.05.

3. Results

3.1. miR-664 and its predicted target genes were differentially
expressed in T-ALL

The comparison of the transcriptome data from T-ALL samples
and normal healthy control identified that 33 miRNAs and 345
genes were differentially expressed in ALL. Further miRNA targets
prediction analysis and integrative network analysis indicated that
there are potential regulatory interaction between differentially
expressed miR-664 and PLP2 in T-ALL (Fig. 1). In this study miR-664
was found to be up-regulated in the 43 T-ALL children samples and
its predicted target PLP2 was down-regulated in the 49 children
with T-ALL. It imply that miR-664 might have more possibility to
take part in the carcinogenesis of T-ALL. Therefore, we selected

A

miR-664 for further functional investigation in the human T-ALL
cell line CCRF-CEM and Jurkat.

3.2. Overexpression of miR-664 promoted T-ALL cell proliferation,
migration and invasion

We explored the potential impact of miR-664 in T-ALL cell
proliferation, migration and invasion in CCRF-CEM and Jurkat cell
lines. CCRF-CEM and Jurkat cells were transfected with miR-664
mimics or inhibitor or inactive control cel-mir-67. CCK-8 prolifer-
ation assay indicated that the cell proliferation was promoted in
both of the miR-664-mimics-transfected T-ALL cell lines compared
with inactive control cel-mir-67-transfected cell lines (Fig. 2A and
B). Conversely, miR-664 inhibitor could significantly inhibit the
proliferation of the CCRF-CEM and Jurkat cells (Fig. 2A and B).
Interestingly, migration and invasion assay showed that over-
expression of miR-664 could significantly promoted the migration
and invasion of CCRF-CEM and Jurkat cells compared with the
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Fig. 3. miR-664 targets PLP2 in T-ALL cells. (A.B) Protein of PLP2 significantly decreased with time after transfection with miR-664 mimics in CCRF-CEM and Jurkat cells; (C) The
analysis of the relative luciferase activities of PLP2-WT, PLP2-MUT in CCRF-CEM and Jurkat cells after transfection with miR-664 mimics; (D,E) Protein of PLP2 increased with time
after transfection with anti-miR-664 in CCRF-CEM and Jurkat cells; (F) The analysis of the relative luciferase activities of PLP2-WT, PLP2-MUT in CCRF-CEM and Jurkat cells after

transfection with anti-miR-664; *p < 0.05, **p < 0.01, and ***p < 0.001.
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inactive cel-mir-67 control, whereas anti-miR-664 could inhibited
cell migration and invasion in both of the CCRF-CEM and Jurkat
cells (Fig. 2C—2F).

3.3. MiR-664 targets and negatively regulates PLP2 in T-ALL cells

As predicted by DIANA [11], miRanda [12] and TargetScan [13],
there was complementarity between has-miR-664 and the 3’ UTR
of PLP2. Overexpression of miR-664 significantly reduced the pro-
tein levels of PLP2 in T-ALL cells (Fig. 3A and B). Conversely, miR-
664 inhibitor significantly increased the protein levels of PLP2 in
T-ALL cells (Fig. 3D and E). The effect of miR-664 on the translation
of PLP2 mRNA into protein was then assessed by using a luciferase
reporter assay (Fig. 3C and F). Enforced expression of miR-664
remarkably reduced the luciferase activity of the reporter gene
with the wild type construct but not with the mutant PLP2 3'UTR
construct (Fig. 3C), while the miR-664 inhibitor remarkably
enhanced the luciferase activity of the reporter gene with the wild
type construct but not with the mutant PLP2 3’UTR construct
(Fig. 3F). These evidences indicate that miR-664 directly targeted
the 3’UTR region of PLP2.

4. Discussion

In the last decades, miRNAs have be identified to be major
transcriptional regulators involved in many biological processes
such as cell differentiation and carcinogenesis [15]. Globally miRNA
expression profiles of tumors have provided valuable un-
derstandings of the molecular mechanisms underlying carcino-
genesis [16]. Thus we compared miRNA and mRNA expression data
between T-ALL samples and healthy normal controls, and made
further miRNA —target-gene prediction and integrative molecular
network analysis to identify potential miRNAs and corresponding
target genes involved in carcinogenesis of ALL. The results showed
that miR-664 was up-regulated in the 43 T-ALL children samples
and its predicted target PLP2 was down-regulated in the 49 chil-
dren with T-ALL.

Increased expression of miR-664 has been found in hepatocel-
lular carcinoma [17]. The relationship between miR-664 and T-ALL
has never been reported before. Thus, our further study intended to
clarify the biological function of miR-664 in T-ALL. Enforced
expression of miR-664 enhanced proliferation, migration and in-
vasion of CCRF-CEM and Jurkat cells, which suggest that miR-664
plays a critical role in the carcinogenesis of T-ALL and may be a
potential diagnostic and predictive biomarker. Next, we addressed
the molecular mechanism of miR-664 in promoting proliferation,
migration and invasion in T-ALL cells. In this study, Western blots
and luciferase assays showed that PLP2 is a target gene of miR-664.
PLP2 encodes an integral membrane protein that localizes to the
endoplasmic reticulum, which can multimerize and may function
as an ion channel. PLP2 has been reported to be associated with
melanoma metastasis [18]. PLP2 protein is necessary for down-
regulation of human CD99 protein in plasma membrane [19]. This
implied that reduced PLP2 protein may lead to increased CD99
protein level. Congruously, the up-regulation of human CD99 was
observed in the 49 T-ALL children, in which PLP2 is down-regulated
(Fig. 1). The up-regulation of CD99 was also observed previously in
pediatric B and T leukemias [20,21]. CD99 encodes a cell surface
glycoprotein involved in leukocyte migration, T-cell adhesion, and
T-cell death [22,23]. The up-regulation of CD99 seems to be part of
the downstream mechanisms of miR-664 in the carcinogenesis of
T-ALL.

In conclusion, our results have shown that enforced expression
of miR-664 promoted T-ALL cell proliferation, migration and inva-
sion through directly targeting and down-regulated PLP2, and

further potentially contributing to the up-regulation of CD99. This
novel miR-664/PLP2 axis may provide new insights into the
mechanisms underlying tumor metastasis, and inhibition of miR-
664 may be a potential therapeutic strategy for the treatment of
T-ALL in the future.
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