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Abstract. T‑cell acute lymphoblastic leukemia (T‑ALL) is a 
common pediatric malignancy, characterized by the abnormal 
presence of immature T‑cell progenitors. Conventional treat‑
ments for T‑ALL fail to prevent or cure the disease, with 
a high‑risk of recurrence after the first remission. Thus, 
medical options are in demand to develop novel therapies for 
patients suffering with T‑ALL. Niclosamide, a traditional oral 
anti‑helminthic drug, has been reported to be a potential anti‑
cancer agent that regulates intracellular signaling pathways. 
Few studies have yet investigated the effects of niclosamide 
on the development of T‑ALL. Here, the present study aimed 
to investigate the anti‑leukemia effects of niclosamide on 
T‑ALL. We first hypothesized that the suppressive effects of 
niclosamide on the tumor growth of T‑ALL are exerted by 
regulating autophagy and apoptosis. Following niclosamide 
treatment, T‑ALL cell viability was evaluated using MTT 
assay, and apoptosis with Annexin V/propidium iodide 
staining. In T‑ALL cells treated with niclosamide, changes 
in apoptosis‑ and autophagy‑related proteins were analyzed 
by western blotting. In addition, in an in vivo model, T‑ALL 
xenograft mice were used to study the anti‑leukemia effects of 
niclosamide. The results showed that niclosamide significantly 
reduced the viability of Jurkat and CCRF‑CEM T‑ALL cells 
in both a dose‑ and time‑dependent manner. Niclosamide 
significantly activated the early and late phases of apop‑
tosis in Jurkat (at 2 µM) and CCRF‑CEM cells (at 1 µM). 

Furthermore, niclosamide upregulated protein expression of 
cleaved caspase‑3 and LC3B, while downregulated those of 
Bcl‑2 and p62, in a dose‑dependent manner in both Jurkat and 
CCRF‑CEM cells. The in vivo results showed that niclosamide 
treatment significantly suppressed tumor growth and the 
disease progression in T‑ALL xenograft mice by activating 
cleaved caspase‑3 and LC3B. We conclude that niclosamide 
plays an anti‑leukemia role, and that it represents a novel 
approach for the treatment of T‑ALL.

Introduction

Acute lymphoblastic leukemia (ALL) is the most common 
hematologic malignant disorder of children. It is divided into 
two subtypes: B‑cell acute lymphoblastic leukemia (B‑ALL) 
and T‑cell acute lymphoblastic leukemia (T‑ALL) (1). Among 
adults, B‑ALL constitutes 75% of cases, with T‑ALL consti‑
tuting the other 25% (1,2). In childhood ALL, T‑ALL accounts 
for 15% of pediatric ALL cases  (3). In Taiwan ~200 new 
cases of ALL are diagnosed annually. These patients develop 
comorbidities including hypothyroidism, obesity, metabolic 
syndrome and subclinical cardiac dysfunction (4). In recent 
years, several new drugs such as resveratrol, everolimus and 
selumetinib have been used to treat ALL, and compared with 
previously used drugs, they cause higher complete remission 
and lower drug toxicity (5‑8). However, due to drug resistance 
and relapse, the prognosis of patients with T‑ALL is still not 
satisfactory. Therefore, developing a new strategy to treat 
recurrent ALL and decrease the side effects has become an 
important issue.

Niclosamide has been a traditional oral anti‑helminthic 
drug for about half a century, with FDA‑approval for treating 
parasitic infections worldwide. According to previous reports, 
niclosamide is relatively safe and non‑toxic to mammals (oral 
LD50 of >5 g/kg in rats)  (9,10). A previous study reported 
that an abnormally low ratio of Bcl‑2‑associated X protein 
(Bax)/B‑cell lymphoma 2 (Bcl‑2), and a spontaneous loss of 
caspase‑3 processing are positively correlated with the relapse 
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rate of childhood ALL (11). Therefore, the metabolic pathway 
that regulates apoptosis may be a useful target to prevent the 
relapse of ALL. It was also reported that niclosamide regu‑
lates multiple signaling pathways, including nuclear factor 
(NF)‑κB, Wnt/β‑catenin, mechanistic target of rapamycin 
complex  1 (mTORC1), signal transducer and activator of 
transcription 3 (STAT3) and Notch, thereby achieving its anti‑
cancer actions (12). Niclosamide, through activation of these 
apoptotic pathways, reduces the expression of Ki‑67 cells 
and p‑STAT3Try705 in melanoma. Furthermore, it can inhibit 
metastasis in lung cancer (13). In osteosarcoma, niclosamide 
was found to inhibit osteosarcoma cell proliferation through 
cell apoptosis and inhibition of cell cycle progression. In the 
mouse xenograft tumor model of human osteosarcoma cells, 
niclosamide inhibited tumor growth (14). On the other hand, 
autophagy is an evolutionary process in cells. This process 
involves the transport of damaged organelles, misfolded 
proteins and other macromolecular substances to lysosome 
for degradation. In cancer, cells are self‑phagocytic. Reduced 
autophagy inhibits degradation of damaged organelles and 
increases oxidative stress. These changes lead to cancer 
development (15,16). Previous studies have shown that gluco‑
corticoids are useful in treating B‑ALL by inducing cellular 
autophagy and causing cell death (17,18). In the ALL Jurkat 
cell model, Timosaponin AIII was found to induce cell apop‑
tosis and autophagy for its antitumor action (19). Autophagy is 
therefore widely used in treating ALL. Niclosamide inhibits 
the growth of colorectal cancer both in vitro and in vivo by 
inhibiting Wnt signaling through internalizing Wnt receptors 
and degrading Dishevelled 2 and β‑catenin proteins of the Wnt 
signaling pathway. Niclosamide‑induced inhibition of Wnt 
signaling was found to be regulated by autophagosome (20). 
Apoptosis and autophagy hence play important roles in regu‑
lating the development of leukemia. As demonstrated above, 
niclosamide displays anticancer activity in different cancers. 
However, few reports have been published concerning the 
effects of niclosamide on T‑ALL development. We hypoth‑
esized here that niclosamide has anticancer effects on T‑ALL. 
Niclosamide likely acts to ameliorate T‑ALL in different ways, 
such as autophagy and apoptosis. To this end, the anticancer 
effects of niclosamide on T‑ALL were investigated in the 
present study.

Materials and methods

Cells and drug treatments. Human T‑ALL cell lines Jurkat 
and CCRF‑CEM (obtained from the American Type Culture 
Collection; ATCC), were kept at 37˚C in RPMI‑1640 medium 
(Gibco; Thermo Fisher Scientific, Inc.) supplemented with 
10% heat‑inactivated fetal bovine serum (FBS; HyClone; GE 
Healthcare Life Sciences), 1 mM sodium pyruvate (HyClone; 
GE Healthcare Life Sciences), 100  U/ml penicillin, and 
100 µg/ml streptomycin (Invitrogen; Thermo Fisher Scientific, 
Inc.), and maintained in a humidified atmosphere containing 
95% air and 5% CO2. Cells were treated with niclosamide 
(ACROS Organics™) at different doses and time courses.

Cell viability assay. The MTT assay was performed to assess 
the effects of niclosamide on the viability of T‑ALL cells. 
Thiazolyl blue tetrazolium bromide (Sigma‑Aldrich; Merck 

KGaA) was prepared from a stock concentration of 5 mg/ml in 
PBS, and then diluted with RPMI‑1640 medium to a working 
concentration of 0.5 mg/ml. To evaluate the dose‑dependent 
effects of niclosamide, Jurkat and CCRF‑CEM cells were 
seeded at a density of 1x105 cells/well in a 96‑well cell culture 
plate. They were treated at 37˚C for 24 h with either the vehicle 
control (DMSO) or different doses of niclosamide (0.125, 0.25, 
0.5, 1.0, 2.0 and 4.0 µM). To evaluate the time‑dependent 
effects of niclosamide, Jurkat cells were treated with vehicle 
control (DMSO) or niclosamide (2 µM) for 24, 48, and 72 h. 
CCRF‑CEM cells were also treated with vehicle control 
(DMSO) or niclosamide (1 µM) for 24, 48 and 72 h. After 
incubation, thiazolyl blue tetrazolium bromide (0.5 mg/ml) was 
then added, and cells were incubated for 2 h in dark. Formazan 
crystals were dissolved in DMSO, and the absorbance was 
measured at 570 nm using an ELISA reader (BioTek Synergy 
HT). Each experiment was conducted three times. 

Flow cytometry of Ki‑67 staining. To assess the cell prolifera‑
tion, Jurkat and CCRF‑CEM cells were seeded at a density of 
2x106 cells/well in a 24‑well cell culture plate, while Jurkat 
cells were treated with either vehicle control (DMSO) or 
niclosamide (1.0, 2.0 and 4.0 µM); and CCRF‑CEM cells were 
treated with either vehicle control (DMSO) or niclosamide 
(0.5, 1.0 and 2.0 µM) at 37˚C for 24 h. After niclosamide treat‑
ment, the cells were harvested and fixed with 70% ethanol and 
stored at ‑20˚C. Then, the cells were washed and stained with 
Alexa Fluor® 488 anti‑human Ki‑67 antibody (cat. no. 151204, 
1:200 dilution; BioLegend®) in the dark for 30 min. The mean 
fluorescence intensity (MFI) of Ki‑67 expression was recorded 
using a FACSCalibur flow cytometer using CellQuest software 
(version 5.2; BD Biosciences).

Apoptotic assays. Jurkat and CCRF‑CEM cells were seeded 
at a density of 5x105 cells/well in a 24‑well cell culture plate; 
Jurkat cells were treated with either the vehicle control (DMSO) 
or niclosamide (2 µM) while CCRF‑CEM cells were treated 
with vehicle control (DMSO) or niclosamide (1 µM) at 37˚C for 
24 h. After incubation, the cells were washed twice with PBS, 
and then labeled with Annexin V‑fluorescein isothiocyanate and 
propidium iodide (PI) according to the manufacturer's instruc‑
tions (Elabscience). Fluorescence intensities were measured 
with flow cytometry. Each experiment was performed in dupli‑
cate, for at least three times independently. 

Cytosolic and mitochondrial protein isolation. Cytosolic 
and mitochondrial protein fractions were extracted from the 
vehicle‑treated or niclosamide‑treated Jurkat or CCRF‑CEM 
cells using the Mitochondria/Cytosol Fractionation Kit (cat. 
no.  K256‑100, BioVision Inc.). Briefly, 1x107  cells were 
harvested, washed and centrifuged at 600 x g for 5 min at 
4˚C. Next, the cells were resuspended in cytosol extraction 
buffer mix, incubated on ice for 10 min, and homogenized on 
ice using the XL‑2020 Sonicator Ultrasonic Processor (Heat 
Systems Inc.) The homogenate was centrifuged at 700 x g for 
10 min at 4˚C. The supernatant was collected and centrifuged 
at 10,000 x g for 30 min at 4˚C. That supernatant was used 
as the cytosolic fraction. The pellet was resuspended in mito‑
chondrial extraction buffer mix, vortexed for 10 sec, and used 
as the mitochondrial fraction.
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Western blot analysis. Autophagy‑ and apoptosis‑related 
proteins were determined using western blot analysis. 
Jurkat and CCRF‑CEM cells were seeded at a density of 
1.5x106  cells/well in a 12‑well cell culture plate. Jurkat 
cells were treated with either vehicle control (DMSO) or 
niclosamide (1.0, 2.0 and 4.0 µM), and CCRF‑CEM cells were 
treated with either vehicle control (DMSO) or niclosamide 
(0.5, 1.0 and 2.0 µM) at 37˚C for 24 h. After niclosamide 
treatment, the cells were harvested and protein expression 
levels were evaluated with western blotting using appropriate 
antibodies. Antibodies for apoptosis protein markers (Bcl‑2, 
cleaved caspase‑3, caspase‑3 and cytochrome c) and autophagy 
protein markers (LC3B, p62 and ATG5) were used in 
experiments. In brief, cells were first washed with PBS before 
collection. Cells were lysed in RIPA buffer (Biomed, Taiwan), 
and centrifuged at 13,000 x g for 10 min at 4˚C. The super‑
natant was used for protein quantification with a Coomassie 
protein assay reagent (Thermo Fisher Scientific, Inc.). Equal 
amounts (15 µg/lane) of protein were loaded to each well 
and separated by SDS‑PAGE. Samples were finally trans‑
ferred to PVDF membrane. Immunoblotting was conducted 
using the following antibodies: Bcl‑2 (cat. no. 15071; Cell 
Signaling Technology; 1:1,000 dilution), cleaved caspase‑3 
(cat. no. 9664; Cell Signaling Technology; 1:1,000 dilution), 
caspase‑3 (cat. no. E‑AB‑30756; Elabscience; 1:1,000 dilution), 
LC3B (cat. no. 83506; Cell Signaling Technology; 1:1,000 dilu‑
tion), p62 (cat. no. 5114; Cell Signaling Technology; 1:1,000 
dilution), ATG5 (cat. no. E‑AB‑22149; Elabscience; 1:1,000 
dilution), cytochrome c (cat. no. GTX108585; GeneTex; 1:1,500 
dilution) and β‑actin (cat.  no.  E‑AB‑20034; Elabscience; 
1:2,000 dilution), followed by incubation with secondary 
anti‑mouse IgG, HRP‑linked antibody (cat. no. 7076P2; Cell 
Signaling Technology; 1:3,000 dilution) or goat anti‑rabbit 
IgG antibody (cat. no. A0545; Sigma‑Aldrich; Merck KGaA; 
1:3,000 dilution). Labeled proteins were detected using the 
ECL Detection Kit (Millipore) by the Alliance Q9 (UVITEC, 
UK). Normalization was performed with the β‑actin antibody.

T‑ALL xenograft murine model. Female NOD/SCID mice, 
8 weeks of age and body weight 18 to 22 g, were obtained from 
the National Laboratory Animal Center. They were housed 
under specific pathogen‑free conditions with at a 12:12‑h 
dark/light cycle with food and water ad libitum, at the Animal 
Center of Kaohsiung Veterans General Hospital. The study 
protocol was approved by the Animal Care and Use Committee 
of Kaohsiung Veterans General Hospital (2020‑2021‑A031). 
CCRF‑CEM cells (1x106 cells/100 µl/mouse) suspended in a 
1:1 mixture of BD Matrigel™ (basement membrane matrix, 
growth factor reduced, phenol red‑free; BD Biosciences, 
cat. no. 356231) and RPMI‑1640 medium were injected subcu‑
taneously into the flank region of NOD/SCID mice. Tumor 
sizes were measured using a digital caliper three times a week 
until sacrifice. Mice were randomly assigned to different 
experimental groups (n=5/group) as follows: vehicle control 
group, 20 mg/kg of niclosamide treatment group, 5 mg/kg of 
niclosamide treatment group and 1 mg/kg of dexamethasone 
(DEX) treatment group. Drugs were delivered through intra‑
peritoneal injections, three times a week, starting on day 7 
after inducing the xenograft mouse model. Twenty‑six days 
after tumor cell implantation, all mice were anesthetized by 

sevoflurane (3%) (Baxter Healthcare Corp.), then they were 
received CO2 (flow rate: 30%/min, for 7 min) for euthanasia. 
Tumor tissues were collected for hematoxylin and eosin (H&E) 
staining and immunohistochemistry staining.

Hematoxylin and eosin (H&E) staining. Tumor tissues were 
removed from the xenograft mice and fixed in 10% formalin 
for 24 h at room temperature. Tissues were then embedded 
in paraffin and sectioned for staining with hematoxylin and 
eosin (H&E). Microscopic images were captured with a light 
microscope (Olympus BX53).

Immunohistochemistry staining (IHC staining). Tumor tissues 
were first removed from the xenograft mice. Tumor specimens 
were fixed in 10% phosphate‑buffered formalin and then 
dissected and embedded in paraffin. Paraffin sections (5 µm 
thick) were incubated with 0.3% hydrogen peroxide for 15 min, 
blocked for 1 h at room temperature, and incubated with cleaved 
caspase‑3 (cat. no. 9664; Cell Signaling Technology) and LC3B 
(cat. no. 83506; Cell Signaling Technology) overnight at 4˚C. 
After washing with DPBS, sections were processed with the 
DakoEnVision®+ Dual Link System‑HRP (DAB+) kit, and 
immediately stained with DAB (Dako) as required.

Statistical analyses. Data are expressed as mean ± standard 
error of mean. Statistical analyses were performed using 
one‑way ANOVA followed by Tukey's test for post‑hoc 
comparisons. Results were analyzed using the software 
GraphPad Prism (version 6; GraphPad Software, Inc.). P<0.05 
was indicative of a statistically significant difference.

Results

Niclosamide suppresses the viability of T‑ALL cells dose‑ and 
time‑dependently. To investigate the effects of niclosamide 
on T‑ALL cell viability, Jurkat and CCRF‑CEM human 
T leukemia cells were initially treated with different doses of 
niclosamide or vehicle control for 24 h. The cytotoxic activity 
of niclosamide on T‑ALL cells was measured with the MTT 
assays. Results showed that niclosamide (0.5 to 4 µM) exhibited 
significant cytotoxicity on Jurkat and CCRF‑CEM cells and 
the toxic effects were dose‑dependent (P<0.05; Fig. 1A and B). 
In addition, the effects of viability of niclosamide were also 
investigated on Jurkat and CCRF‑CEM cells at progres‑
sively longer times (24, 48 and 72 h). The results showed that 
niclosamide at 2 µM significantly reduced the viable numbers 
of Jurkat cells, and similarly at 1 µM in CCRF‑CEM cells, both 
in a time‑dependent manner, when compared with the vehicle 
control (P<0.05; Fig. 1C and D). To further investigate the cell 
proliferation, Ki‑67 staining was performed. The results of the 
Ki‑67 analysis showed that niclosamide significantly reduced 
cell proliferation in Jurkat and CCRF‑CEM cells at all doses 
tested (P<0.05; Fig. 1E and F). Taken together, the results 
demonstrated that niclosamide had suppressed the growth of 
T‑ALL cells in a dose‑ and time‑dependent manner.

Niclosamide promotes the apoptosis of T‑ALL cells. To further 
characterize the cell death induced by niclosamide in T‑ALL 
cells, Annexin V‑FITC/PI double staining flow cytometry was 
conducted. Jurkat and CCRF‑CEM cells were treated either 
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with vehicle control (DMSO) or niclosamide for 24 h. Annexin 
V/PI staining demonstrated that niclosamide at 2 µM signifi‑
cantly increased the early and late apoptosis in Jurkat cells, 
and similarly at 1 µM in CCRF‑CEM cells (P<0.05; Fig. 2). 

Moreover, apoptosis‑related proteins were also assessed. The 
Jurkat and CCRF‑CEM cells treated with different doses of 
niclosamide for 24 h were analyzed with western blot analysis. 
The results showed that the level of Bcl‑2 decreased significantly, 

Figure 1. Niclosamide effectively inhibits the viability of T‑ALL cells in a dose‑ and time‑dependent manner. Human T‑ALL cells were treated with niclosamide 
for 24 h. Cell viability and proliferation was measured by MTT assays and flow cytometry of Ki‑67 staining, respectively. MTT assays showed that niclosamide 
inhibited the proliferation of (A) Jurkat and (B) CCRF‑CEM cells dose‑dependently. (C) Jurkat and (D) CCRF‑CEM cells were treated with niclosamide for 
24, 48 and 72 h. MTT assays showed that niclosamide inhibited the proliferation of Jurkat and CCRF‑CEM cells time‑dependently. MFI of Ki‑67 were exam‑
ined by flow cytometry after incubation of (E) Jurkat and (F) CCRF‑CEM cells treated with different doses of niclosamide for 24 h. Niclosamide treatment 
effectively inhibited the proliferation of T‑ALL cells dose‑dependently. The results are expressed as mean ± SEM. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001, 
vs. the control group; #P<0.05, ##P<0.01, ###P<0.001, ####P<0.0001, vs. the vehicle control group. C, control; vehicle control, DMSO; MFI, mean fluorescence 
intensity; T‑ALL, T‑cell acute lymphoblastic leukemia.
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and the level of cleaved caspase‑3 increased significantly in 
a dose‑dependent manner after niclosamide treatment for 
24 h in both Jurkat and CCRF‑CEM cells (P<0.05; Fig. 3). 
According to our findings, there was no significant difference 
in cytochrome c expression in the cytosolic/mitochondrial 
ratio, which revealed that niclosamide affects cell apoptosis 
by non‑mitochondrial signaling pathways for the activation of 

caspases (Fig. S1). Collectively, these findings demonstrated 
that niclosamide promoted the apoptosis of T‑ALL cells in a 
dose‑dependent manner.

Niclosamide induces the autophagy of T‑ALL cells. To inves‑
tigate the role of autophagy induced by niclosamide, Jurkat 
and CCRF‑CEM cells were treated for 24 h with either vehicle 

Figure 2. Niclosamide induces apoptosis in T‑ALL cells. Jurkat and CCRF‑CEM cells were treated with DMSO (vehicle control), and niclosamide for 24 h. 
(A) Flow cytometric analysis of apoptosis was evaluated by using Annexin V-FITC and PI double staining at 24 h posterior to the treatment. (B) Quantitative 
analysis of the apoptotic cells from A. The results are expressed as mean ± SEM. ****P<0.0001, vs. the control group; ###P<0.001, ####P<0.0001, vs. the vehicle 
control group at 24 h. C, control; vehicle control, DMSO; T‑ALL, T‑cell acute lymphoblastic leukemia.

Figure 3. Niclosamide induces T‑ALL cell apoptosis in a dose‑dependent manner. The cells were treated with different doses of niclosamide for 24 h, and the 
expression of Bcl‑2, cleaved caspase‑3 and caspase‑3 were measured by western blot analysis in (A) Jurkat and (B) CCRF‑CEM cells. β‑actin protein was used 
in these experiments as the loading control. The results are expressed as mean ± SEM. *P<0.05, **P<0.01, vs. the control group; #P<0.05, ##P<0.01, vs. the vehicle 
control group. C, control; vehicle control, DMSO; T‑ALL, T‑cell acute lymphoblastic leukemia.
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Figure 4. Niclosamide induces T‑ALL cell autophagy in a dose‑dependent manner. The cells were treated with different doses of niclosamide for 24 h, and the 
expression of LC3B, p62 and ATG5 were measured by western blot analysis in (A) Jurkat and (B) CCRF‑CEM cells. β‑actin protein was used in these experi‑
ments as the loading control. The results are expressed as mean ± SEM. *P<0.05, **P<0.01, ***P<0.001, vs. the control group; #P<0.05, ##P<0.01, ###P<0.001, vs. 
the vehicle control group. C, control; vehicle control, DMSO; T‑ALL, T‑cell acute lymphoblastic leukemia.

Figure 5. Niclosamide inhibits T‑ALL xenograft growth in vivo. (A) NOD/SCID mice bearing CCRF‑CEM tumors were randomly separated into four groups: 
control, 20 and 5 mg/kg niclosamide treatment, 1 mg/kg DEX treatment (n=5/group). Tumor volumes were calculated after treatment with niclosamide, normal 
saline (control) or DEX three times a week for 25 days. (B) The mice were subjected to euthanasia and the tumors from each group were collected and imaged 
at the end of the experiment. (C) Tumor weights (F value=5.332) and (D) tumor volume (F value=8.968) for each group were measured on the last day of 
the experiment (day 26). The results are expressed as mean ± SEM. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001, vs. the control group. DEX, dexamethasone; 
T‑ALL, T‑cell acute lymphoblastic leukemia. 
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control (DMSO) or niclosamide at different doses. We found 
that the level of Microtubule Associated Protein 1 Light Chain 
3β (LC3B) was increased significantly and the level of p62 
was decreased significantly in a dose‑dependent manner after 
niclosamide treatment in both Jurkat and CCRF‑CEM cells. 
But we found no change in the level of Autophagy Related 5 

(ATG5) (Fig. 4). Taken together, the results demonstrated 
that niclosamide activated autophagy in T‑ALL cells in a 
dose‑dependent manner.

Niclosamide suppresses CCRF‑CEM leukemia cell growth 
in an in vivo xenograft mouse model. To confirm the in vitro 

Figure 6. Niclosamide suppresses xenograft tumor proliferation and promotes the production of cleaved caspase‑3 and LC3B in NOD/SCID mice. Tumor 
samples were subjected to (A) H&E staining and IHC analysis for (B) cleaved caspase‑3 and (C) LC3B at the end of the experiment. Slides were scanned on 
magnifications of x200 and x400. H&E, hematoxylin and eosin; IHC, immunohistochemistry.
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results, the antitumor effects of niclosamide in  vivo were 
investigated by measuring its effects in the CCRF‑CEM xeno‑
graft murine model. CCRF‑CEM cells were subcutaneously 
injected into NOD/SCID mice for 26 days and treated with 
either 5 or 20 mg/kg of niclosamide, or 1 mg/kg of dexametha‑
sone three times a week. The results showed that mice treated 
with niclosamide (20 mg/kg) and dexamethasone had signifi‑
cantly attenuated tumor growth compared with the controls 
(P<0.05; Fig. 5A). At the end of the study, tumors were isolated 
from the mice and weighed. The overall weight and volume 
of the tumors in the niclosamide‑treated group and dexa‑
methasone‑treated group were significantly lower than those 
of the controls (P<0.05; Fig. 5B‑D). After 26 days, the mean 
tumor weight in the niclosamide‑treated group (20 mg/kg) was 
0.2756±0.06513 g, and in the dexamethasone‑treated group 
was 0.1562±0.02282 g, both were significantly lower than 
the controls (0.4934±0.08122 g) (P<0.05; Fig. 5C). The mean 
tumor volume in the niclosamide‑treated group (20 mg/kg) was 
392.8±92.49 mm3, in the niclosamide‑treated group (5 mg/kg) 
was 458.4±106.2 mm3, and in the dexamethasone‑treated group 
was 202.9±29.08 mm3, all statistically significantly smaller 
than the controls (1,206±257.0 mm3) (P<0.05; Fig. 5D). The 
survival rates of all the mouse groups were 100% (Fig. S2). 
Therefore, the in vivo results showed that niclosamide inhib‑
ited CCRF‑CEM leukemia cell tumor growth.

Niclosamide activates apoptosis and autophagy proteins 
in the CCRF‑CEM leukemia cell xenograft mouse model. 
To investigate the effects of niclosamide on apoptosis‑ and 
autophagy‑related proteins, tumors from the CCRF‑CEM 
leukemia cells xenograft mouse model were collected for 
H&E staining and immunohistochemical analysis. H&E 
staining showed that tumor masses contained leukemia 
cells, with a discohesive pattern of medium to large 
atypical lymphoid cells showing brisk apoptosis and mitotic 
activities (Fig. 6A). Immunohistochemical analyses showed 
that CCRF‑CEM leukemia cell xenograft mice treated 
with niclosamide (5  and 20 mg/kg) and DEX (1 mg/kg) 
exhibited markedly increased expressions of both cleaved 
caspase‑3 and LC3B compared with the vehicle controls 
(Fig. 6B and C).

Discussion

Our present study is the first to report that niclosamide 
effectively inhibits the growth of T‑cell acute lymphoblastic 
leukemia (T‑ALL). Specifically, we analyzed the effects of 
niclosamide treatment on apoptosis and autophagy in T‑ALL 
cells and in the xenograft mouse model. The results showed 
that niclosamide inhibited the viability of T‑ALL cells in a 
dose‑ and time‑dependent manner. Furthermore, we demon‑
strated that niclosamide effectively inhibited the viability of 
T‑ALL cells and tumor growth through activating apoptosis 
and autophagy. 

Niclosamide is an anti‑helminthic agent approved by the 
FDA. Previous studies have reported that niclosamide exhibits 
anticancer activity by regulating the apoptotic pathways. Our 
present results of niclosamide, regarding its suppression of 
ALL cell viability via inducing apoptotic cell death, agree 
with earlier reports that niclosamide induces apoptosis in 

various cancer types, such as chronic myeloid leukemia (21), 
breast cancer  (22) and adrenocortical carcinoma  (23). In 
the present study, niclosamide exhibited anticancer effects 
by upregulation of cleaved caspase‑3 and downregulation 
of Bcl‑2. According to our findings, niclosamide did not 
affect expression of cytochrome c (Fig. S1). The amount of 
cytochrome c expression fluctuates with different times (24). 
Therefore, our findings showed that niclosamide affects cell 
apoptosis by non‑mitochondrial signaling pathways for activa‑
tion of caspases. 

In tumorigenesis, the role of autophagy as a tumor 
suppressor or tumor promoter remains controversial. During 
autophagy, p62 binds to LC3 to promote the degradation 
of ubiquitinated cell organisms (25). High levels of p62 in 
human acute myeloid leukemia are associated with a poor 
prognosis  (26). Induction of autophagy by rapamycin has 
effects of anti‑leukemia in ALL (27). Therefore, all of these 
findings indicate that autophagy has tumor‑suppressive 
effects. In contrast, other studies have reported that 
autophagy has tumor‑promoter action. Autophagy driven by 
genes or by pharmacological inhibition was found to induce 
leukemia cell death (28,29). What is the role of autophagy 
in niclosamide‑treated T‑ALL cells? In the present study, 
niclosamide treatment increased LC3B expression and 
decreased p62 expression, leading to T‑ALL cell death. Our 
results are in line with previous studies. Increased autophagy 
could cause leukemia cell death. Niclosamide was found to 
induce apoptosis and autophagic cell death by regulating 
mitochondria dynamics  (30). Induction of apoptosis and 
autophagy both are known to cause T‑ALL cell death. For 
example, tamoxifen treatment was found to induce apoptosis 
and autophagy in Jurkat cells  (31). Previous studies have 
indicated that Bcl‑2 family members regulate autophagy. 
Bcl‑2 family members inhibit autophagy regulator beclin 1, 
which limits the formation of autophagosome and inhibits 
autophagy (32,33). In human HL60 cells, downregulation 
of Bcl‑2 was found to induce autophagy without impairing 
the mitochondrial functions (34). Therefore, this evidence 
indicates that Bcl‑2 exerts an inhibitory effect on autophagy. 
This evidence is consistent with our findings. Niclosamide 
inhibited the expression of Bcl‑2 and induced autophagy 
by regulating the formation of autophagosomes. Therefore, 
the present study showed that apoptosis and autophagy are 
both activated by niclosamide, leading to the death of T‑ALL 
cells, both in vitro and in vivo.

Most current leukemia studies have adopted the xeno‑
graft mouse model by subcutaneously injecting tumor 
cells, followed by measuring the volume and weight of the 
subcutaneous tumors. Other xenograft mouse models use 
intravenous injection of tumor cells. The number of tumor 
cells in the body after drug treatment are evaluated by IVIS 
imaging to determine effects of treatment. In the present 
study, we used the T‑ALL xenograft mouse model by subcu‑
taneously injecting leukemia cells to evaluate the effect of 
niclosamide treatment. Our study showed that niclosamide 
effectively inhibited tumor growth in the T‑ALL xenograft 
mice. Pathological analyses showed that niclosamide treat‑
ment caused an increase in pro‑apoptosis marker cleaved 
caspase‑3 and autophagy marker LC3B. Most studies, 
including our present one, with subcutaneous tumor cell 
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injection in leukemia xenograft mice all adopted volume 
and weight measurements of tumors to evaluate tumor 
growth (35,36).

There are some limitations to the present study. First, we 
observed that niclosamide activated apoptosis and autophagy 
in T‑ALL cells both in vitro and in vivo, but there was no direct 
evidence to confirm that the inhibition of autophagy affected 
apoptosis. To verify the relationship between autophagy and 
apoptosis, one may need to use siRNA. Second, the present 
study did not use clinical samples for further verification. There 
are patients with a type of relapsed/refractory T‑ALL that are 
difficult to treat. In the future, other T‑ALL patients should be 
further investigated to ascertain whether niclosamide can be 
their effective treatment.

In conclusion, the effects of niclosamide treatment were 
assessed on T‑ALL cells and in a T‑ALL xenograft mouse 
model. The results showed that niclosamide has the potential 
for suppressing T‑ALL cell viability in vitro, and in suppressing 
tumor growth in T‑ALL xenograft mice in vivo, both by acti‑
vating the apoptosis and autophagy pathways. Our findings 
provide new insight into the application of niclosamide for 
T‑ALL treatment.
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