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Abstract. T-cell acute lymphoblastic leukemia (T-ALL) 
represents a spectrum of hematological malignancies that 
affect human health. Metastasis and chemotherapeutic drug 
resistance are the primary causes of mortality in patients with 
T-ALL. Sodium-hydrogen antiporter 1 (NHE1) is established 
to serve a role in metastasis and drug resistance in numerous 
types of cancer; however, the function of NHE1 in T-ALL 
remains to be elucidated. Previously, the C-C-motif chemokine 
ligand 25 (CCL25) was identified to be involved in metastasis 
and drug resistance in the MOLT4 T-ALL cell line, as was 
the ezrin protein. The present study investigated the role of 
NHE1 in the metastasis of T-ALL using a Transwell assay and 
scanning electron microscopy, using MOLT4 cells as a model. 
The association between NHE1 and ezrin was assessed using 
laser scanning confocal microscopy. The effect of NHE1 on 
resistance to the chemotherapy drug doxorubicin (DOX) was 
also investigated using a cell viability and cytotoxicity assay. 
Expression of NHE1 increased following treatment with 
CCL25, accompanied by morphological changes in MOLT4 
cells and the co-localization of NHE1 with ezrin. In addition, 

wild-type MOLT4 cells exhibited an increased polarization 
ability compared with NHE1- or ezrin-silenced cells. NHE1- 
or ezrin-silenced cells exhibited higher sensitivity to DOX 
compared with wild-type MOLT4 cells. In conclusion, the 
increased expression or activity of NHE1 may potentially be a 
poor prognostic indicator for human T-ALL.

Introduction

T-cell acute lymphoblastic leukemia (T-ALL) is a subset of 
acute leukemia and an aggressive hematological malignancy. 
T-ALL has the propensity to metastasize to other organs of 
the body. Chemokines and their receptors have been estab-
lished to be important contributors to the metastatic potential 
of tumors (1,2). The interplay between chemokines, cells and 
the microenvironment is complex and involves numerous 
other cellular molecules, including ezrin/radixin/moesin 
and nuclear factor of activated T cells. Sodium-hydrogen 
antiporter 1 (NHE1) is a molecule that may interact with 
the cellular cytoskeleton and aid the formation of signaling 
complexes, in addition to having an ion exchange func-
tion (3,4). NHE1 is a transmembrane protein that consists 
of twelve segments and extrudes a H+ in exchange for an 
extracellular Na+; it is involved in the regulation of cellular 
pH, ion composition and cellular volume (5), thereby serving 
a role in diseases associated with the heart, blood vessels and 
kidneys (6). NHE1 is also involved in enzyme activation that 
degrades the extracellular matrix and is therefore produced 
by invasive tissues, including breast cancer cells (7,8). NHE1 
is localized in the lamellipodia of fibroblast cells, where it 
acts as an anchor at the cell membrane for cellular cytoskel-
eton by directly binding to the ezrin/radixin/moesin (ERM) 
family of actin-binding proteins (9). The ERM family is 
established to be important molecules in cytoskeletal activity 
as they link actin to the plasma membrane proteins. ERMs 
are frequently identified to be highly expressed in numerous 
cancer types and are important mediators of cell survival 
signaling (10-12). Previous studies have suggested that high 
ezrin expression may be associated with cellular motility, 
therefore having a role in metastasis and invasion (13-15). 
ERM proteins have previously been identified to be important 
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in T-ALL drug resistance with ezrin, an important molecule 
in C-C-motif chemokine ligand 25 (CCL25)-induced T-ALL 
metastasis (12,16).

The role of chemokines in cancer has been the focus of 
a substantial amount of previous research. C-C chemokine 
receptor type 9 (CCR9) is a G-protein-coupled receptor that 
is primarily expressed on immature T cells, with restricted 
expression in mature T cells (17,18). CCR9 has been identified 
to be important in T‑cell development and T‑cell tissue‑specific 
homing once it is bound to its specific ligand CCL25 (12). A 
previous study indicated that CCR9 is highly expressed in the 
T-ALL MOLT4 cell line and also that CCL25 induces chemo-
therapeutic drug resistance in T-ALL (19) and effectively 
polarizes MOLT4 cells with ERM redistribution (12).

In addition, NHE1 activity has the ability to induce 
chemotherapeutic resistance against drugs, including DOX 
and imatinib, in renal and other cancer types (3,20-22). These 
results suggest that NHE1 has a vital role in cell survival and 
proliferation.

Using the T-ALL MOLT4 cell line as a model, the present 
study investigated whether NHE1 has a role in the metastatic 
transformation of MOLT4 cells and whether ezrin associates 
with NHE1 in metastatic MOLT4 cells.

Materials and methods

Cell culture. The human T-ALL MOLT4 cell line was 
obtained from American Type Culture Collection (Manassas, 
VA, USA). Ev-ve MOLT4 cells (ezrin-silenced MOLT4 cells) 
were generated as previously reported (16). The cells were 
maintained in RPMI 1640 medium (Gibco; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) supplemented with 10% 
fetal bovine serum (FBS; Hyclone; GE Healthcare, Logan, UT, 
USA) and cultured in a 5% CO2 air incubator at 37˚C.

NHE1 short interfering (si)RNA transfection. The transfection 
was performed using Lipofectamine 2000 reagent (Thermo 
Fisher Scientific, Inc.) according to the manufacturer's 
protocol in MOLT4 cells. In brief, the cells were suspended in 
serum-free RPMI 1640 medium and plated in 6-well plates at 
a density of 5x105 cells/ml, 2 ml per well. A total of 2 µl siRNA 
(100 mmol/ml) was added to each well. Following incubation 
for 8 h, 200 µl FBS was added to each well. The cells were 
incubated at 37˚C for 48 h and used for further experiments. 
The siRNA sequences were as follows: NHE1 sense, 5'-GAU 
AGG UUU CCA UGU GAU CTT-3' and anti-sense, 5'-GAU CAC 
AUG GAA ACC UAU CTT-3'; and negative control (scrambled) 
sense, 5'-UUC UCC GAA CGU GUC ACG UTT-3' and anti-sense, 
5'-ACG UGA CAC GUU CGG AGAA TT-3'.

Cariporide treatment. The MOLT4 cells were plated on 
6-well plates at a density of 5x105 cells/ml, 2 ml per well. 
The cells were treated with 20 µM cariporide (Santa Cruz, 
Biotechnology, Inc., Dallas, TX, USA) and incubated for 24 h 
in RPMI 1640 medium with 10% FBS prior to use in the 
Transwell chamber assay.

RNA extraction and reverse transcription‑polymerase chain 
reaction (RT‑PCR). Total RNA was extracted from MOLT4 
cells using TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.) 

according to the manufacturer's protocol and quantified using 
NanoDrop 2000 (Thermo Fisher Scientific, Inc.). A total of 2 µg 
RNA was reverse-transcribed to cDNA with random primers 
using the Reverse Transcription system (MyCycler™ thermal 
cycler, Bio-Rad Laboratories, Inc., Hercules, CA, USA), 
according to manufacturer's protocol. RT-PCR was performed 
with the Takara RNA PCR kit (Takara Bio, Inc., Otsu, Japan). 
The primer sequences were as follows: NHE1 forward, 5'-GCC 
TTC TCT CTG GGC TAC CT-3' and reverse, 5'-CTT GTC CTT 
CCA GTG GTG GT-3'. The PCR thermocycling protocol was as 
follows: 95˚C for 1 min and then 35 cycles of 95˚C for 30 sec, 
annealing at 64˚C for 30 sec and elongation at 72˚C for 30 sec 
followed by 95˚C for 5 min once at the end of protocol. The 
PCR products were separated by 1.5% agarose gel electropho-
resis and visualized under ultraviolet light following staining 
with ethidium bromide.

Protein extraction and western blot analysis. The cells were 
washed with PBS and lysed with radioimmunoprecipitation 
assay lysis and extraction buffer (Thermo Fisher Scientific, 
Inc.) containing protease inhibitor (1 mM phenylmethylsul-
fonyl fluoride; Thermo Fisher Scientific, Inc.). The total protein 
concentration was measured using the Pierce Bicinchoninic 
Acid Protein Assay kit (Thermo Fisher Scientific, Inc.) on 
the PerkinElmer 2030 VICTOR X Multilabel Plate Reader 
(PerkinElmer, Inc., Waltham, MA, USA). Whole-cell lysates 
were boiled at 100˚C for 5 min in equal volumes of loading 
buffer (Beyotime Institute of Biotechnology, Haimen, 
China). All samples (15 µl per lane) were subjected to 10% 
SDS-PAGE and transferred to PVDF membranes. Subsequent 
to blocking for 2 h at room temperature in TBS-Tween 20 
(TBST) containing 5% skimmed milk to block membranes, 
the membranes were incubated with anti-NHE1 (dilution, 
1:1,000; catalog no., ab67314; Abcam, Cambridge, MA, USA) 
and anti-ezrin (dilution, 1:500; catalog no., ab41672; Abcam) 
primary antibodies diluted in TBST containing 5% non‑fat 
milk with gentle shaking at 4˚C overnight. Subsequent to 
washing three times, the membranes were incubated with 
the 1:200 horseradish peroxidase-conjugated secondary 
antibodies (dilution, 1:200; catalog no., GB23303; Wuhan 
Biological Technology Co., Ltd., Wuhan, China) for 2 h 
at room temperature. The signals were detected using an 
Enhanced Chemiluminescence Detection kit (Thermo Fisher 
Scientific, Inc.).

Scanning electron microscopy assay. The MOLT4 cells were 
overlaid on coated coverslips and fixed with 2.5% glutaralde-
hyde in PBS overnight at 4˚C. Following a PBS wash, the cells 
were fixed in 1% osmium tetroxide at 4˚C for 2 h and washed 
thoroughly with distilled water. Subsequently, the post‑fixed 
specimens were dehydrated using a graded series of ethanol 
and then transferred to a graded series of t-butyl alcohols 
(freezing point 25.4˚C), the t‑butyl alcohol substituted speci-
mens were freeze‑dried at 15˚C and at high vacuum (23). The 
experimental specimens were sputter-coated with platinum 
and then observed using a scanning electron microscope 
(S-750; Hitachi, Ltd., Tokyo, Japan) operating at 20 kV (24).

Laser confocal microscopy assay. The MOLT4 cells were 
overlaid on glass slides, fixed at 4˚C in 4% paraformaldehyde, 
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permeabilized at 4˚C with 0.1% Triton X‑100 and then blocked 
for 1 h with 3% bovine serum albumin (Gibco; Thermo Fisher 
Scientific, Inc.) at room temperature. The cells were incubated 
with 1:1,000 anti-NHE1 (catalog no., ab67314; Abcam) and 
1:500 anti-ezrin (catalog no., ab41672; Abcam) antibodies 
at 4˚C overnight. Later, Alexa Fluo® 488 donkey anti-rabbit 
IgG (H+L) (dilution, 1:200; catalog no., ANT024; AntGene 
Biotechnology Co., Ltd., Wuhan, China) and Alexa Fluo® 
594 donkey anti-rabbit IgG (H+L) (dilution, 1:200; catalog 
no., ANT030; AntGene Biotech Co., Ltd.) secondary anti-
body was added to the cells and incubated for 2 h at room 
temperature. Experimental specimens were observed using 
a LCS-SP2-MP-AOB laser confocal scanning microscope 
(Leica Microsystems GmbH, Wetzlar, Germany).

Transwell assay. The chemotaxis assay was performed in a 
24-Transwell chamber (Corning Costar, USA). In brief, MOLT4 
cells (100 µl, 1x106 cells/ml) were suspended in RPMI 1640 
medium containing 0.1% FBS and added to the upper chamber 
of the Transwell, which was separated from the lower well by a 
8-µm pore-size polycarbonate membrane. CCL25 (100 ng/ml; 
Cedarlane Laboratories, Burlington, Canada) in RPMI 1640 
medium containing 0.1% FBS was placed in the lower wells, at 
a quantity of 600 µl per well. The cells were allowed to migrate 
for 24 h at 37˚C with 5% CO2 atmosphere. After 24 h, cells in 
the lower chamber were counted under a light microscope with 
a blood counting chamber at x400 magnification, and five fields 
were counted for each group of cells.

Flow cytometry. MOLT4 cells (5x105 cells/ml) were treated 
with 0.5 µg/ml DOX, incubated at 37˚C for 48 h and then 
treated with 100 ng/ml CCL25 for 10 min at 37˚C. Untreated 
MOLT4 cells were used as controls. The cells were washed 
twice with ice-cold PBS and resuspended in 300 µl PBS for 
flow cytometric analysis (CytoFLEX; Beckman Coulter, Inc., 
Brea, CA, USA). The excitation wavelength for the cells was 
488 nm and the emission wavelength was 590 nm.

Cell proliferation assay. MOLT4 cells (1x105 cells/ml) were 
plated on 96-well plates in triplicate alongside a control group. 
The cells were incubated with DOX (0.5 mg/ml or 1 mg/ml) 

at 37˚C for 48 h and then 10 µl Cell Counting Kit-8 solution 
(catalog no., CK04; Dojindo Molecular Technologies, Inc., 
Kumamoto, Japan) was added per sample for 3 h. Readings 
were taken at a wavelength of 450 nm in a spectrometer and 
cellular survival was calculated accordingly. All the steps were 
performed according to the manufacturer's protocol.

Statistical analysis. Statistical analysis was conducted using 
GraphPad Prism v5.0 (GraphPad Software, Inc., La Jolla, CA, 
USA). Values are presented as the mean ± standard deviation 
of >3 independently conducted experiments. Statistical signifi-
cance was assessed by t-test followed by paired comparisons. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Co‑localization of NHE1 and ezrin. The co-localization of 
NHE1 and ezrin was observed in MOLT4 cells following 
stimulation with 100 ng/ml CCL25 for 10 min, but this was 
not observed in the control group (Fig. 1A). Statistical analysis 
(Fig. 1B) identified that the degree of cell co‑localization was 
significantly increased in the CCL25‑treated group compared 
with that in the control group. This observation highlights 
the role of CCL25 in initiating cellular migration and the 
association between NHE1 and ezrin indicated by their 
co-localization.

NHE1 and ezrin silencing. The western blot analysis results 
revealed that the expression level of ezrin in Ev-negative 
MOLT4 cells was lower than wild-type MOLT4 cells (Fig. 2A). 
At the same time, NHE1 siRNA was used to reduce the expres-
sion of NHE1 in MOLT4 cells (Fig. 2B).

MOLT4 cell polarization is introduced by CCL25. CCL25 
introduces microvillus resorption and polarization in MOLT4 
cells (Fig. 2C). The formation of pseudopodia or lamel-
lipodia is associated with cellular invasive or migratory 
capability (25). The present study assessed this ability in 
MOLT4 cells through the introduction of CCL25 to assess 
whether there were any significant morphological alterations. 

Figure 1. Co-localization of NHE1 and ezrin in CCL25-treated MOLT4 cells using laser scanning confocal microscopy. (A) The subcellular localizations of 
NHE1 (red) and ezrin (green) in MOLT4 cells treated with CCL25 (100 ng/ml for 10 min) was observed. The image demonstrates that NHE1 and ezrin are 
co-localized in CCL25 treated cells. Scale bar, 30 µm. (B) Statistical results of NHE1 and ezrin co-localization ratio in control- and CCL25-treated MOLT4 
cells (n=5 fields of view, ***P<0.001). NHE1, sodium-hydrogen antiporter 1; CCL25, C-C-motif chemokine ligand 25.
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A scanning electron microscopy was used for this experiment. 
A total of 100 ng/ml CCL25 was introduced to MOLT4 cells 
for 10 min. Without stimulation, the MOLT4 cells primarily 

exhibit numerous microvilli of differing lengths, extending 
from the membrane, and a spherical body shape (Fig. 2C). 
After 10 min of CCL25 stimulation, substantial morphological 
alterations were observed in wild-type MOLT4 cells (Fig. 2C). 
The majority of these cells had microvilli, tail-like membrane 
extensions, ruffled edges and/or pseudopodia-like structure 
formation in a certain direction due to polarization.

NHE1 silencing reduces CCL25‑induced polarization in 
MOLT4 cells. When compared to the wild-type MOLT4 cells 
treated with CCL25 (100 ng/ml for 10 min), the NHE1-silenced 
cells treated with CCL25 with the same conditions exhibited 
less polarization. The majority of cells in NHE1 siRNA group 
exhibited an oval shape with no or minimal microvilli and 
lamellipodia (Fig. 2C).

Ezrin silencing reduces CCL25‑induced polarization in 
MOLT4 cells. Ezrin, a member of the ERM protein family 
that links the actin cytoskeleton to the plasma membrane, 
was also identified to be important in cellular migra-
tion. Absence or deficiency of ezrin in the Ev‑ve MOLT4 
group demonstrated decreased polarizing capacity. The 
ezrin-negative MOLT4 cells treated with CCL25 exhibited 
a spherical profile with microvilli, compared with wild‑type 
MOLT4 cells treated with CCL25 which exhibited a state of 
polarization (Fig. 2C). The general absence of polarization 
morphology in this group of cells emphasizes the involve-
ment of the ezrin protein in migratory ability of MOLT4 
cells. Fig. 2D demonstrates that NHE1 and ezrin expression 
are statistically associated with increased degrees of MOLT4 
cell polarization.

Figure 3. Effect of NHE1 on CCL25-induced migration of MOLT4 cells. 
(A) Expression of NHE1 in MOLT4 cells when exposed to 100 ng/ml 
CCL25 for the indicated time points, as assessed using western blot analysis. 
(B) The effect of NHE1 silencing and CCL25 on MOLT4 cells migration 
by Transwell assay (n=3; *P<0.05). NHE1, sodium-hydrogen antiporter 1; 
CCL25, C-C-motif chemokine ligand 25.

Figure 2. CCL25-induced polarization is inhibited by NHE1 and ezrin 
silencing. (A) Expression of ezrin protein in MOLT4 and Ev-ve MOLT4 cells 
assessed using western blot analysis. (B) Expression of NHE1 protein in 
MOLT4 and NHE1-silenced MOLT4 cells assessed using western blot anal-
ysis. (C) The CCL25-induced polarization of MOLT4 cells was inhibited by 
NHE1 and ezrin silencing, as detected using scanning electron microscopy. 
(D) The percentage of polarizing cells in the 4 groups under the indicated 
conditions. The results represent the mean of 3 independent experiments. 
**P<0.005, ***P<0.001. siRNA, short interfering RNA; Ev-ve, cells silenced 
with ezrin-targeted siRNA; NHE1, sodium-hydrogen antiporter 1; CCL25, 
C-C-motif chemokine ligand 25.
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CCL25 stimulation induces the increased expression of 
NHE1 in MOLT4 cells. Fig. 3A presents the NHE1 expression 
levels following 100 ng/ml CCL25 treatment in wild-type 
MOLT4 cells. The protein was isolated at 6, 12, 18, 24 and 
48 h following CCL25 treatment. These results indicated that 
NHE1 expression increased following exposure to CCL25 in a 
time-dependent manner (Fig. 3A).

NHE1 silencing decreases CCL25‑induced migration in 
MOLT4 cells. CCL25 (100 ng/ml) induced an increase in 
migration of MOLT4 cells compared with the control group; 
however, when NHE1 expression was inhibited with caripo-
ride in MOLT4 cells, the CCL25-triggered migration reduced 
significantly (Fig. 3B). This result demonstrated that NHE1 
serves an important role in CCL25-induced migration in 
MOLT4 cells.

NHE1 knockdown increases the sensitivity of MOLT4 cells to 
DOX. Treatment of MOLT4 cells with 0.5 mg/ml and 1 mg/ml 
DOX demonstrated a significant increase in proliferation in 
the wild-type and scrambled siRNA groups compared with the 
NHE1 siRNA-silenced group (Fig. 4A and B). This observa-
tion suggested that NHE1 inhibition increased the sensitivity 
of MOLT4 cells to DOX. Blocking the effect of NHE1, may 

promote to an increased intracellular drug concentration and 
therefore a higher apoptosis rates in tumor cells.

Ezrin knockdown increases the accumulation of DOX in 
MOLT4 cells. The DOX accumulation in wild-type MOLT4 
cells, represented by average fluorescence density, was 
decreased following CCL25 treatment. Conversely, CCL25 
had no effect on DOX accumulation in Ev-ve MOLT4 cells 
(Fig. 4C and D). This result shows that ezrin is important in 
CCL25-induced DOX resistance.

Discussion

The etiology of T-ALL remains to be elucidated and it is 
hypothesized that multiple factors contribute towards its 
prevalence in childhood or in young adults (26). HTLV-1 
infection is an established etiological factor, but the inci-
dence rate of leukemia following this infection is low (27).  
Although it is a rare neoplasm, T-ALL is an aggressive disease 
that is characterized by a mature T-cell phenotype. Patients 
with this neoplasm, of whom a substantial number are children, 
have a poor prognosis following diagnosis (20-22,28). Due to 
this, it is therefore important that effective treatment options 
are available to clinicians to optimally manage this disease.

Figure 4.  Effect of NHE1 and ezrin on drug resistance of MOLT4 cells. (A and B) Cell proliferation in wild-type, scramble siRNA-treated and NHE1 
siRNA-treated MOLT4 cells incubated with (A) 0.5 mg/ml or (B) 1 mg/ml DOX. (n=3, *P<0.05) (C) Drug accumulation in wild-type and ezrin-silenced MOLT4 
cells using flow cytometry. (D) The effect of ezrin silencing and CCL25 on drug resistance of MOLT4 cells was detected using flow cytometry. The average 
fluorescence density represents DOX accumulation in MOLT4 cells. (n=3; *P<0.05). siRNA, short interfering RNA; Ev-ve, cells silenced with ezrin-targeted 
siRNA; NHE1, sodium-hydrogen antiporter 1; CCL25, C-C-motif chemokine ligand 25; DOX, doxorubicin.
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NHE1 has been implicated as serving notable roles in inva-
sive and metastatic neoplastic tissue. In addition to increasing 
intracellular pH (6), NHE1 also binds to the cytoskeleton via 
ERM proteins and functions as a platform for signaling (19). 
The diverse functions of NHE1 make it a potential target for 
cancer treatment.

Ezrin is a member of the ERM family of linker proteins 
that link the cell membrane to the actin cytoskeleton. ERM 
proteins are negatively regulated by an intramolecular inter-
action between their N- and C-terminal domains, which 
masks the actin- and membrane-binding sites (29). The 
sequential binding of phosphatidylinositol-4,5-bisphosphate 
and the phosphorylation of a conserved threonine residue 
(T567) are required for the activation of ezrin to enable its 
membrane-cytoskeleton linker function (30).

NHE1 is involved in cancer cell metastasis and inva-
sion (7,8,31,32). Therefore, the present study focused on NHE1 
and its association with ezrin in MOLT4 cells. Firstly, the 
expression levels of NHE1 in wild-type and ezrin-silenced 
MOLT4 cells were assessed and a similar expression of NHE1 
was observed in the two groups (data not shown). The effect of 
CCL25 on NHE1 and ezrin co-localization was observed and it 
was identified that the degree of co‑localization was increased 
in the CCL25-treated group compared with the control group 
(Fig. 1). This may indicate that the complex formed by NHE1 
and ezrin serves an important role in CCL25-induced MOLT4 
transformation. The migratory and invasive ability of MOLT4 
cells was assessed using scanning electron microscopy, in 
which it was observed the inhibition of NHE1 or ezrin led to 
a decrease in the polarization of MOLT4 cells. It was previ-
ously observed that the response of MOLT4 cells to CCL25 
has a significant role in the metastasis and invasion of MOLT4 
cells as they undergo polarization (12). The co-localization of 
NHE1 and ezrin, and the increased cell polarization observed 
supports the hypothesis that NHE1 functions in association 
with ezrin to transform MOLT4 cells into a metastatic pheno-
type. The results of the present study indicate that NHE1 may 
be providing structural support for the formation of a signaling 
complex involved in the movement of the cell. ERM proteins 
function by promoting NHE1 to connect actin with the cell 
membrane and form the structures that contributes to the alter-
ation of the shape of the cell and its mobilization (3). Notably, 
ezrin has been demonstrated to act with NHE1 to link the actin 
cytoskeleton to the cell membrane (7). Ezrin is established to 
serve a notable role in leukemia and breast cancer, amongst 
other malignancies (12,30). The present study demonstrates 
that NHE1 and ezrin may be involved in the transformation 
of MOLT4 cells and to the best of our knowledge this has not 
yet been described in the literature. The present study further 
emphasizes the role of NHE1 in tissue physiology and tumor 
pathogenesis (4).

The present study also assessed whether the treatment with 
CCL25 effected the expression of NHE1 and demonstrated 
that CCL25 upregulates NHE1 expression (Fig. 3A). This 
finding emphasizes the role of NHE1 as well as the role of 
chemokines in cancer cell mobilization. Furthermore, the 
chemotaxis assay (Fig. 3B) identified that CCL25 induced 
MOLT4 cell migration in an NHE1-dependent manner. In 
addition, the inhibition of NHE1 by the specific inhibitor 
cariporide resulted in the decreased chemotaxis of MOLT4 

cells, despite CCL25 administration (Fig. 3B). These data 
clearly indicate the notable role of NHE1 in tumor migration 
and invasion.

To investigate the role of NHE1 in chemotherapeutic drug 
resistance of MOLT4 cells, the proliferation of cells treated with 
different concentrations of DOX was assessed in wild-type and 
NHE1‑silenced MOLT4 cells. The findings of the present study 
demonstrate that proliferation was decreased in NHE1-silenced 
MOLT4 cells when exposed to a chemotherapeutic drug 
compared with control-treated MOLT4 cells (Fig. 4A and B). 
Man et al (3) established that NHE1 has a notable role in resis-
tance to sorafenib in colon cancer cells. Therefore, blocking 
the effect of NHE1 may lead to a higher intracellular drug 
concentration and a higher apoptotic rate in tumor cells.

The present study reveals the potential role of ezrin in the 
development of chemotherapeutic drug resistance in MOLT4 
cells. Ezrin-silenced cells did not differ considerably in DOX 
accumulation in the presence or absence of CCL25; however, 
the DOX accumulation of wild-type MOLT4 cells differed 
significantly in the presence and absence of CCL25 (Fig. 4C 
and D). The silencing of ezrin therefore appeared to maintain 
a higher intracellular drug concentration, thus improving the 
therapeutic effect.

In conclusion, the present study indicated that NHE1 and 
ezrin may, in combination, have notable roles in the metastasis 
and drug resistance of MOLT4 cells. These results inform on 
novel potential targets for T-ALL diagnosis and treatment. The 
treatment of T-ALL by blocking the activity NHE1 or ezrin 
may therefore be a viable treatment option for patients with 
this type of neoplasm.
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