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A B S T R A C T   

Malignant melanoma is a highly aggressive, malignant, and drug-resistant tumor. It lacks an efficient treatment 
approach. In this study, we developed a novel anti-melanoma strategy by using anti-tapeworm drug niclosamide 
and anti-malarial drug quinacrine, and investigated the molecular mechanism by in vitro and in vivo assays. 
Meanwhile, other types of tumor cells, immortalized epithelial cells and bone marrow mesenchymal stem cells 
were used to evaluate the universal role of anti-cancer and safety of the strategy. The results showed, briefly, an 
exposure to niclosamide and quinacrine led to an increased apoptosis-related protein p53, cleaved caspase-3 and 
cleaved PARP and autophagy-related protein LC3B expression, and a decreased expression of autophagy-related 
protein p62, finally leading to cell apoptosis and autophage. After inhibiting autophagy by Baf-A1, flow 
cytometry and western blot showed that the expression of apoptosis-related proteins was down-regulated and the 
number of apoptotic cells decreased. Subsequently, in the siRNA-mediated p53 knockdown cells, the expression 
of apoptosis-related proteins and the number of apoptotic cells were also reduced, while the expression of 
autophagy-related proteins including LC3B, p62 did not change significantly. To sum up, we developed a new, 
safe strategy for melanoma treatment by using low doses of niclosamide and quinacrine to treat melanoma; and 
found a novel mechanism by which the combination application of low doses of niclosamide and quinacrine 
exerts an efficient anti-melanoma effect through activation of autophagy-mediated p53-dependent apoptosis. 
The novel strategy was verified to exert a universal anti-cancer role in other types of cancer.   

Introduction 

Malignant melanoma, a highly aggressive drug-resistant tumor, is 
formed by the deterioration of melanocytes [1]. Although, compared 

with other common malignant tumors, its incidence is relatively low, 
accounting for about 2% of all malignant tumors, but it is one of the most 
malignant tumors. According to statistics, the incidence of melanoma 
only accounts for 10% of skin cancer, but the mortality rate accounts for 
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nearly 80% of skin cancer-related deaths [2]. Melanoma incidence is 
getting higher in recent years. There were approximately 100,000 new 
cases in 2019, which causes a huge burden on the global public health 
burden [3]. 

Although new breakthroughs have been made in pathogenesis and 
treatment methods in past decade years, the 5-year survival rate of pa-
tients with metastatic melanoma is always less than 15% due to drug 
resistance and recurrence. The median survival time of melanoma pa-
tients is no more than 12 mon [4]. Therefore, in order to improve the 
prognosis of the patients of malignant melanoma, it is urgent to explore 
new and effective drugs and treatment strategies. 

Compared to the high economic and time cost of new drug devel-
opment, drug repurposing has some obvious advantages, such as the 
definite biological safety, less economy burden and short process [5]. 

Niclosamide (N) is a widely used oral anti-helminthic drug and have 
gained FDA approvement for about 40 years [6]. In recent years, it is 
discovered to have a therapeutic effect on various diseases, ranging from 
cancer (including melanoma), metabolic syndrome and many types of 
infections [7]. Among them, the anti-cancer effect has attracted much 
more attention. Previous studies have found that niclosamide exerts its 
inhibitory effect by affecting multiple pathways [8], including 
Wnt/β-catenin [9], mTORC1 [10], STAT3 [11], NF-κB [12] and Notch1 
pathways [13], thus inhibits cancer cells proliferation and induces cell 
death. 

Quinacrine (QC) was discovered in 1932 by Schulemann and has 
been used for the treatment of malaria since 1978 [14]. In the past de-
cades, researchers have found that the antimalarial drug quinacrine is a 
promising drug in cancer (including melanoma) treatment due to its 
advantages in targeting multiple pathways with slight side effects such 
as headache, dizziness, or gastrointestinal symptoms [15]. Quinacrine 
inhibits the arachidonic acid pathway through a direct inhibitory effect 
on the activity of the PLA2 enzyme that is of great importance for ei-
cosanoids production [16,17], and reduces production of prostaglandin 
E2 [15]. Prostaglandin E2 is responsible for inducing pro-inflammatory 
response and inhibiting tumorigenesis consequently [18]. In addition, 
quinacrine has multiple anti-cancer properties, for examples, quinacrine 
increases receptor binding of TRAIL and p53 expression, traps facilitate 
chromatin transcription complex, just inhibiting DNA damage repair as 
well as cause cell cycle arresting in S phase, thus activate apoptosis of 
cancer cell [19,20]. Quinacrine promotes autophagic vesicles genera-
tion through LCB3 and hinders the selective autophagy receptor of p62 
and as a result, activates autophagic cell death [21,22]. However, the 
effects of these two drugs combination on melanoma were still largely 
unknown. 

Cell death has been observed in cancers for a long time, it was once 
believed there were only two forms of cell death processes, apoptosis 
(also known as programmed cell death) and necrosis (uncontrolled cell 
death) [23]. In recent twenty years, other forms of cell death have been 
discovered, such as pyroptosis [24], necroptosis [25], entosis [26], 
ferroptosis [27], autophagy [28] and alkaliptosis [29]. Among them, 
apoptosis and autophagy were paid more attention owing to the 
important roles in cancer development, progression and treatment 
sequelae. 

Our research group has been intensively researching the new use of 
old drugs for many years, and niclosamide and quinacrine are the drugs 
that we screened and have paid more attention to in anti-cancer field. In 
this study, we, for the first time, developed a new strategy for melanoma 
treatment using niclosamide and quinacrine to obtain the dramatic 
synergistic anticancer and investigated the underlying mechanism 
involved. Based on our novel findings, we concluded that niclosamide in 
combination of quinacrine exerted great anticancer effect with low 
concentration of each drugs against melanoma and other tumors 
through activating autophagy-mediated p53-dependent apoptosis. 
Meanwhile, the new strategy presents safety for the main normal tissue 
and organs in mice, and very low cytotoxicity for normal tissues derived 
primary cells or immortalized normal cell lines. 

Methods 

Cell lines and culture 

Mouse melanoma B16 and B16-F10 cell lines, mouse breast cancer 
cell line 4T1, mouse kidney carcinoma cell line RENCA, human mela-
noma cell line A375, human prostate carcinoma cell line DU145, human 
kidney carcinoma cell line A498 and human bone marrow mesenchymal 
stem cells BMSCs were obtained from American Type Culture Collection 
(ATCC). Human oral gingival epithelial immortalized cell line SG were 
gifted by Professor Meng, Peking University School and Hospital of 
Stomatology. These cell lines were identified by STR profiling and 
maintained in Dulbecco’s modified Eagle’s medium (DMEM, Gibco, 
Carlsbad, CA, United States), with 10% fetal bovine serum (FBS; Gibco) 
and 1% streptomycin/penicillin (hereafter called complete medium). 
Cells were incubated in a 37 ◦C, 100% moist incubator containing 5% 
CO2 atmosphere. 

Optimal dose finding assay through IncuCyte ZOOMTM monitor system 

Cells were seeded in a 96-well plate at a density of 5 × 103 cells per 
well in 200 μL complete medium. At the following day, the cells were 
treated with different concentrations of niclosamide (Sigma-Aldrich, 
USA) dissolved in dimethylsulfoxide (DMSO, Sigma-Aldrich, United 
States) and/or quinacrine (Sigma-Aldrich, USA) dissolved in Milli-Q 
water and recorded every 4 h by IncuCyte ZOOMTM (Essen BioScience, 
USA) for 48 h. The wells with vehicle DMSO treated cells served as 
control. The cell growth curve was calculated by continuous changes by 
cell confluence. The independent experiments were repeated three times 
and the cell growth rate was calculated based on the mean of cell 
confluence. 

CCK8 assay 

The cell proliferation was also measured using Cell Counting Kit-8 
(CCK-8) assay. A total of 5000 cells in 100 μL complete medium were 
cultured in a 96-well plate, and there are three replications for each 
sample. Following overnight incubation, cells were cultured in complete 
medium containing indicated doses of niclosamide and/or quinacrine. 
10 μL CCK-8 was mixed with 90 μL medium per well and incubated at 
37 ◦C, 5% CO2 for 30 min. Then the cell proliferation rate was deter-
mined by OD450 value at 0, 24, 48 h. The experiment was repeated three 
times. 

Wound healing assay 

Cells were seeded in a 6-well plate at a density of 2.5 × 105 cells per 
well in 2 mL complete medium. Once the cells reached 90% confluence, 
the cells were starved by 2 mL serum-free DMED for 24 h, scratched by 
200 μL pipette tips. The detached cells were removed by rinsing twice 
with PBS. The remaining cells were treated with indicated doses of 
niclosamide and/or quinacrine for 24 h. Images were taken with an 
inverted fluorescence microscope at 10 × magnification to calculate the 
migration speed of the cells. The experiment was repeated three times. 

Transwell invasion assay 

The invasion ability of cancer cells was measured by Transwell assay 
with a Transwell chamber plate (8 µm pore size, Bedford, USA) and a 
polycarbonate membrane coated with 100 µL of diluted Matrigel (1:80 
dilution, BD Biosciences, USA). Briefly, cells were starved for 24 h and 
about 1 × 105 cells in 100 µL serum-free DMED were seeded in the upper 
chamber, while the bottom chamber was filled with 500 µL DMEM 
contained 20% FBS. Indicated doses of niclosamide and/or quinacrine 
were added to the upper chamber. At 12 h after treatment, the cells were 
fixed by 95% ethanol, and dyed with 0.1% crystal violet, removed the 
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cells in the upper chamber by cotton swobs. Then migrated cells were 
photographed and counted by a light microscopy at 20 × magnification. 
The experiment was repeated three times. 

Western blot assay 

Proteins were extracted from cells which were treated with indicated 
drugs for 24 h by RIPA (Applygen Technologies, China) containing a 
phosphatase and protease inhibitors (Roche Diagnostics, USA). Briefly, 
50 µg of total protein per well was loaded into a 12.5% SDS-PAGE 
(Biotides, China) for electrophoresis and then transferred to a 0.45 μm 
PVDF membranes (BioRad, USA). Next, the membranes were blocked by 
5% skimmed milk for 1 h at 25 ◦C, and subsequently incubated with 
corresponding primary antibodies overnight at 4 ◦C. At the next day, 
after the membranes were incubated with corresponding HRP- 
conjugated secondary-antibodies for 1 h and then ECL solution for 1 
min, the membranes were exposed by an ECL detection system 
(Applygen Technologies, China). The protein expression levels were 
determined by using the following primary antibodies against: cleaved- 
PARP (1:1000 dilution, Abclonal, China), cleaved-caspase3 (1:1000 
dilution, Cell Signal Technology, USA), RPS18 (1:1000 dilution, 
Abclonal, China), LC3B (1:1000 dilution, Abclonal, China), p62 (1:1000 
dilution, Beyotime, China) and p53 (1:1000 dilution, Proteintech, USA). 
Relative protein quantification normalized to RPS18 was carried out 
using the ImageJ software. The amount of each protein in controls was 
set to one. 

Flow cytometric analysis of apoptosis 

The cells were resuspended in 100 μL in Annexin V Binding Buffer 
(Biolegend, USA) at a concentration of 1.0 × 106 cells/mL. Thereafter, 5 
μL of APC-Annexin V and 5 μL of 7-AAD Viability Staining Solution 
(Biolegend, USA) were added to each sample, respectively, and incu-
bated for 15 min at room temperature in the dark. Then, 400 µL of 
Annexin V Binding Buffer were added to each tube. All samples were 
analyzed by flow cytometry with proper machine settings. The experi-
ment was repeated three times. 

Autophagy detection by Ad-mCherry-GFP-LC3B infection 

Cells were grown on 6-well plates until they reached 20%–30% 
confluence and then infected with Ad-mCherry-GFP-LC3B adenovirus 
(Beyotime, Shanghai, China) at an MOI of 10 for 24 h at 37 ◦C. Based on 
the manufacture’s instruction, the fusion protein of red fluorescent 
protein mCherry and LC3 can be effectively expressed in target cells 
after infection, which can be used for autophagy test. Under non- 
autophagy condition, mCherry-GFP-LC3B exists in the cytoplasm in 
the form of diffuse yellow fluorescence (the combined effect of mCherry 
and GFP). Once onset of autophagy, mCherry-GFP-LC3B aggregates on 
the autophagosome membrane and presents yellow dots. When the 
autophagosomes fuse with the lysosomes, mCherry-GFP-LC3B presents 
red spots due to partial quenching of GFP fluorescence in the acidic 
environment within the lysosomes. At 24 h after niclosamide plus 
quinacrine treatment, the images were taken with a fluorescence mi-
croscope and merged for determining autophagic status of the cells. 

p53 knockdown using small interfering RNA 

p53 siRNA and non-targeting siRNA were purchased from Guangz-
hou RiboBio Co, Ltd. (Guangzhou, China). For siRNA transfection, cells 
were seeded in 6-well plates, when they reached 70%-80% confluence, 
siRNAs were added into the cells with Lipo8000 reagent (Beyotime, 
Shanghai, China) according to the manufacturer’s recommendations. 
The cells were then exposed to different drugs and harvested for the 
further experiments including western blot, and biological behavior 
studies. 

Synergism analysis 

Synergistic effect was evaluated based on the niclosamide and 
quinacrine combination index (CI) generated from CompuSyn software 
v1.0 (ComboSyn Incorporated, Paramus, NJ, USA). The CI value is used 
to determine whether niclosamide and quinacrine have the synergistic 
effect on tumor growth inhibition. CI <0.9 indicates synergism, CI be-
tween 0.9 and 1.1 means additive effect, and CI>1.1 antagonism. 

Animal study 

C57BL/6 mice (4-6 weeks old, weighting 20-25 g) were purchased 
from Beijing Vital River Laboratory Animal Technology (Beijing, China). 
The mice are kept in an environment of 22 ± 1 ◦C and a light/dark cycle 
of 12 h/12 h. All animal studies were done in compliance with the 
regulations and the Peking University institutional animal care guide-
lines and conducted according to the AAALAC and the IACUC guidelines 
(NO. LA2019011). All 24 mice were randomly divided into four groups: 
control group, niclosamide treatment group, quinacrine treatment 
group and combination group. B16 cells (2 × 105) were subcutaneously 
injected into the animal back. Body weight and tumor volume were 
measured every day in the 2 weeks’ experiment period. When the 
allograft tumor reached 75–100 mm3, niclosamide (200 mg/kg) were 
daily given by gavage administration in niclosamide group and combi-
nation group; quinacrine (50 mg/kg) was intraperitoneally injected into 
mice of quinacrine group and combination group every day. Meanwhile, 
mice in the control group were given daily intragastric gavage admin-
istration of equal volume of vehicle and intraperitoneal injection of 
physiological saline. At 2 weeks after treatment, the mice were eutha-
nized, and the tumors were removed, weighed and recorded with a 
digital camera, then fixed immediately by 10% formalin. 

In addition, the main organs including brain, kidney, spleen, liver, 
intestine were removed and fixed by 10% formalin for further biosafety 
evaluation through histopathological examination. 

HE staining for histopathological examination 

The fixed liver, brain, spleen, kidney, intestine and other tissues from 
the mice were dehydrated, embedded in paraffin, and sectioned to a 
thickness of 4 µm slide. The slides were deparaffinized with xylene and 
rehydrated with gradient alcohol. Then, slices were stained with he-
matoxylin for 5 min and eosin for 1 min, dehydrated with gradient 
alcohol, and finally mounted by neutral resin. All sections were observed 
and recorded by a microscope. 

Immunohistochemistry 

The fixed tumors were dehydrated, embedded in paraffin, and then 
sliced into 4 µm thick slices, deparaffinized with xylene and rehydrated 
with different concentrations of ethanol. Next, slices were heated in 
0.01 mol/L sodium citrate buffer at 100 ◦C for 10 min to perform antigen 
retrieval. After inactivation of endogenous peroxidase by 3% H2O2, the 
slices were blocked with 10% goat serum and incubated with 50 µL 
diluted primary antibodies overnight at 4 ◦C. The Next day, slices were 
stained with HRP-labeled secondary antibody (ZSGB-BIO, Beijing, 
China) at 37 ◦C for 30 min. Finally, the sections were incubated with 
DAB for 3 min for color development. After counterstained with he-
matoxylin, all sections were observed and recorded by a microscope. A 
staining score was calculated by the staining intensity score (negative, 
weak, moderate, and strong scored as 0, 1, 2, and 3, respectively) 
multiplying the score of positively stained cell numbers (0, none; 1, 
1–40%; 2, 40–70%; 3, 70–100%) [30]. 
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Evaluation anti-cancer effect of niclosamide in combination with 
quinacrine in other cancer cell lines 

Cancer cell lines including 4T1, RENCA, A375, DU145 and A498 
were cultured in DMEM complete medium. A total of 5000 cells from 
each above cell line in 100 μL complete medium were inoculated in 96- 
well plates, and there are triplicates for each sample. Following over-
night incubation, cells were cultured in complete medium containing 
indicated doses of niclosamide and/or quinacrine. IncuCyte ZOOMTM 

assay were performed to determine the anti-cancer effect of niclosamide 
in combination with quinacrine. The experiment was repeated three 
times. 

Cytotoxicity evaluation by using normal primary cells and immortalized 
cell line 

5000 cells of human oral gingival epithelial immortalized cell line SG 
and human bone marrow mesenchymal stem cell BMSCs were plated in 
triplicates in a 96-well plate with 100 μL complete medium per well, 
respectively. Following overnight incubation, cells were cultured in 
complete medium containing indicated doses of niclosamide and/or 
quinacrine. CCK8 assay were carried out to determine the cytotoxicity 
for normal cells. Apoptosis was detected by flow cytometry describe 
above. The experiment was repeated three times. 

Fig. 1. Niclosamide (N) and quinacrine (QC) inhibit cell proliferation of B16 and B16-F10 cell lines at a dose-dependent manner. Images of B16 and B16-F10 treated 
with different doses of niclosamide and its growth curve (A, B). Images of B16 and B16-F10 treated with different doses of quinacrine and its growth curve. (C, D). 
(Scale bar: 100 μm) *P < 0.05, **P < 0.01, *** P < 0.001, ****P < 0.0001. 
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Statistical analysis 

Data were presented means ± standard deviation (SD) obtained from 
three independent experiments. Statistical analysis was performed using 
GraphPad Prism v8.4 software. A nonparametric t test was used to 
compare continuous variables between two groups and the differences 
between groups were examined using an analysis of one-way analysis of 
variance (ANOVA). P < 0.05 was considered statistically significant. 

Results 

Niclosamide and quinacrine, respectively inhibit cell proliferation of B16 
and B16-F10 cell lines at a dose-dependent manner 

To detect whether niclosamide (N) and quinacrine (QC) have an 
effect on the growth of B16 and B16-F10 cell lines of melanoma, cell 
proliferation was determined by IncuCyte ZOOMTM Assay. The results 
showed that low-dose of N (≤2 μM) had no effect on B16 and B16-F10 
cell lines, but it significantly attenuates cell growth at high concentra-
tions (4, 8 and 16 μM) (Fig. 1A&B). Similar results were observed in QC- 
treated cells, which high doses of QC (7 and 9 μM) exert inhibiting ef-
fects on cell proliferation (Fig. 1C&D). These data suggested that N and 
QC exhibited dose-dependent inhibiting effects on melanoma cell lines. 

Low doses of niclosamide and quinacrine combination significantly inhibits 
the proliferation, migration and invasion ability of melanoma cell lines 

To investigate whether the two drugs have a synergistic effect, we 
used IncuCyte ZOOMTM, CCK8, wound healing and Transwell invasion 
assays to determine cell proliferation, migration, and invasion capabil-
ities. IncuCyte ZOOMTM assay showed that a low dose of N or QC did not 
influence the cell growth compared with the control group, however, the 
combined treatment of N (1.5 μM) and QC (3 μM) dramatically inhibit 
the cell proliferation of B16 and B16-F10 (Fig. 2A&B). Consistently, 
CCK8 assays showed that low-dose of N and QC combination signifi-
cantly inhibited the cell growth rates of mouse melanoma cell lines B16, 
B16-F10 and human melanoma cell line A375 (Fig. 2C–E). Meanwhile, 
synergy analysis showed combination index (CI) of niclosamide and 
quinacrine at the default isobologram effect level Fa=0.5, 50% effective 
dose (ED50) condition, CI value was 0.09547, much lower than 1, which 
indicated that niclosamide and quinacrine have the strong synergistic 
effect on melanoma cell growth inhibition (Supplementary Fig. S1). 

To further figure out the effects of the two drugs on melanoma cell 
lines, wound healing and Transwell invasion assays were used to 
determine the cell mobility after the treatment of N and QC. B16 and 
B16-F10 showed a significant decrease migration and invasion abilities 
after treated with 1.5 μM niclosamide and 3 μM quinacrine (Fig. 2 F–I). 
These data demonstrated that the combination usage of N and QC 
significantly suppressed the cell growth and mobility of melanoma cell 
lines. 

Low doses of niclosamide and quinacrine combination induces apoptosis 
and autophagy of B16 and B16-F10 

To explore the underlying mechanism regarding why the N com-
bined with QC yields dramatic anti-cancer effects, we detected whether 
the combination drug induces cell death or cell cycle arrest in melanoma 
cells. Cell death-related proteins were chosen to identify the cell death, 
including p53, cleaved caspase-3 (c-CASP3) and cleaved PARP (c-PARP) 
(Other cell death-related protein expression presented in the Supple-
mentary Fig. S2). B16 and B16-F10 cell lines were divided into 4 groups 
and treated with 0, 1.5 μM niclosamide, 5 μM quinacrine and their 
combination for 24 h. Flow cytometry assay demonstrated that the 
percentage of apoptotic cells of the drug-combined group is higher than 
the other groups in melanoma cell lines (Fig. 3A). Moreover, western 
blot results showed that protein p53, c-caspase3 and c-PARP were 

significantly up-regulated in the combined group, compared with the 
control and drug-alone groups (Fig. 3B). 

Since other antimalarial drugs have previously been shown to 
modulate autophagy, we tested whether the combination of niclosamide 
and quinacrine in low concentrations was able to induce autophagy in 
addition to promoting apoptosis. As is shown in Fig. 3C, the expression 
of autophagic marker proteins LC3B was significantly up-regulated, and 
p62 was markedly down-regulated. This induction of LC3B and degra-
dation of p62 are considered hallmarks of autophagic activation. To 
further evaluate the low doses of niclosamide and quinacrine 
combination-induced autophagy, we also used autophagy indicator tool 
Ad-mCherry-GFP-LC3B (Beyotime, China) to detect autophagic flux. 
Under the condition of setting the fixed fluorescence photography pa-
rameters, the results clearly showed an increased expression of yellow 
(autophagosome stage) and red (the stage of autophagosome fusion with 
the lysosome) dots fluorescence intensity in the combination group 
(Fig. 3D). 

However, it was still unknown whether these results represented an 
increased production of autophagosome or inhibition of autophagosome 
and lysosome fusion. To verify whether niclosamide and quinacrine 
treatment increased autophagic flux, B16 and B16-F110 cells were 
treated with niclosamide and quinacrine in the presence or absence of 
bafilomycin A1(Baf-A1) (Selleck Chemicals, Shanghai, China), a potent 
autophagy inhibitor. Western blot assays showed that the expression 
levels of LC3B and p62 were rescued when the autophagy was repressed 
(Fig. 3E), confirming that niclosamide combined with quinacrine 
directly induced cell autophagy in melanoma cell lines. 

Low doses of niclosamide and quinacrine combination-induced apoptosis 
depends on the activation of cell autophagy 

Through the above experimental results, we knew that the niclosa-
mide and quinacrine synergistically exerted their effect on melanoma 
cells by activating cell apoptosis and autophagy. Next, we sought to 
further explore the underlying crosstalk in the tumor cells infiltrated 
with low doses of niclosamide and quinacrine combination. 

On the one hand, to explore whether autophagy could affect 
apoptosis in this situation, autophagy inhibitor Baf-A1 was used to block 
autophagy flux and then apoptotic markers were detected in the tumor 
cells with an inactive autophagy status. The western blot results showed 
that, after Baf-A1 treatment, the expression of apoptosis-related bio-
markers p53, cleaved (c)-caspase 3 and c-PARP was dramatically down- 
regulated (Fig. 4A). Flow cytometry results showed that the percentage 
of apoptotic cells was significantly decreased too (Fig. 4B). This sug-
gested that the occurrence of apoptosis may depend on the activation of 
niclosamide and quinacrine combination-induced autophagy. 

On the other hand, knockdown of p53 by siRNAs specifically tar-
geted to p53 was performed to assess whether apoptosis could affect 
autophagy in turn. Western blot results clearly showed that the three 
siRNAs for p53 could markedly knocked down p53 expression. Here-
after, siP53-1 was chosen for the following assays (Fig. 5A). The flow 
cytometry and western blot both showed that the p53-dependent 
apoptosis was partly suppressed in the p53 knockdown cells 
(Fig. 5B&C). However, LC3B and p62 proteins had little changes at the 
protein expression level (Fig. 5C). Consistently, after knockdown of p53 
by siP53, the results of autophagy detection by Ad-mCherry-GFP-LC3B 
infection showed that the expression of red and green fusion protein 
did not change markedly in B16 cells (P > 0.05, compared with siNC) 
(Fig. 5D). Taken together, we found that apoptosis did not mediate the 
occurrence of autophagy in the combination group. 

Low doses of niclosamide and quinacrine combination exerts similar effect 
on breast, prostate and kidney cancer cell lines, but shows a relatively low 
cytotoxicity on normal cells 

To verify whether the synergistic effect of the low doses of 
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Fig. 2. Cell growth, migration and invasion in B16 
and B16-F10 with different drugs treated. Images of 
B16 and B16-F10 treated with niclosamide (N, 1.5 
μM) and/or quinacrine (QC, 3 μM) and their growth 
curve (A, B) (Scale bar: 100 μm). Growth rate of 1.5 
μM N and/or 3 μM QC treated B16 B16-F10 and 
A375. (C–E). Images of migration and invasion of 
1.5 μM N and/or 3 μM QC treated B16 and B16-F10 
cells (F–I). (Scale bar: 200 μm). *, P < 0.05; **, P < 
0.01; ***, P < 0.001; ****, P < 0.0001.   
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Fig. 3. Combination of niclosamide (N) and quinacrine (QC) 
induces cell apoptosis and autophagy. Representative images 
of APC-Annexin V/7-AAD flow cytometry in drug treated B16 
and B16-F10 cell lines. The areas of Q2 and Q3 are considered 
as apoptotic cells (A). Expression of apoptosis-related genes 
p53, c-PARP, c-CASP3 at protein level. The numbers below the 
bands represent relative quantification of each protein (B). 
Expression of cell autophagy-related proteins LC3B and p62. 
The numbers below the bands represent relative quantification 
of each protein (C). Representative images of fusion protein of 
red fluorescent protein mCherry and LC3, which indicated the 
autophagy flux after drug treatment. Pictures were taken 
under the condition of setting the fixed fluorescence photog-
raphy parameters (D) (scale bar: 100 μm). The expression of 
LC3B and p62 in protein level upon a potent autophagy in-
hibitor Baf-A1 treatment. The numbers below the bands 
represent relative protein quantification (E). *, P < 0.05; **, P 
< 0.01; ***, P < 0.001; ****, P < 0.0001.   
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niclosamide and quinacrine combination was also effective on other 
tumor cells as a universal strategy role of the anti-cancer drug. We 
choose the mouse breast cancer cell line 4T1, human prostate cancer cell 
line DU145, human kidney cancer cell line A498, and mouse kidney 
cancer cell line Renca. IncuCyte ZOOMTM assay showed that niclosa-
mide at a concentration of 1.5 μM and quinacrine at a concentration of 3 
μM could synergistically inhibited the proliferation ability of these cell 
lines and caused the cell death like melanoma cell lines B16 and B16-F10 
described above (Fig. 6A–D). To sum up, the synergistic effect of 
niclosamide and quinacrine may be as a novel universal anti-cancer 
strategy for cancer treatment. 

Meanwhile, in order to verify whether the synergistic effect of the 
low doses of niclosamide and quinacrine combination was effective on 
normal cells, we choose human gingival epithelial cell line (SG) and 
bone marrow mesenchymal stem cells (BMSCs). CCK8 assay showed that 

the toxic effect of the combination drug on normal cells was relatively 
slight compared with B16-F10. The combination reduced about 23% of 
SG proliferation, 26% of BMSCs cell growth rate at 48 h after treatment 
(Fig. 6E). Consistently, the number of apoptotic cells induced by the 
combination therapy was only increased slightly (less than 2.79%) in 
immortalized epithelial cell line SG, and not changed in BMSCs at 24 h 
after treatment (Fig. 6F). 

Low doses of niclosamide and quinacrine combination exerts anti- 
melanoma role in vivo 

To verify the effects of combined usage in vivo, C57BL/6 mice were 
subcutaneously injected with B16 cells. The tumors were smaller in size 
and lighter in weight in the combined group, compared with the other 
three groups (Fig. 7A–C). Furthermore, the immunohistochemistry 

Fig. 4. Combination of niclosamide (N) and quinacrine (QC) induces apoptosis is partially suppressed by Baf-A1. The expression of apoptosis-related genes p53, c- 
PARP, c-CASP3 at protein level under a potent autophagy inhibitor Baf-A1 treatment. The numbers below the bands represent relative protein quantification(A). 
Apoptosis results showed that representative images of APC-Annexin V/7-AAD flow cytometry in N and QC treated B16 and B16-F10 with or without Baf-A1 
treatment (B). *, P < 0.05; **, P < 0.01; ***, P < 0.001; ****, P < 0.0001. 
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Fig. 5. p53 knockdown partially inhibits cell apoptosis but does not influence cell autophagy. Efficiency of p53 knockdown of B16 and B16-F10 at protein level. The 
numbers below the bands represent relative protein quantification(A). Representative flow cytometry images of APC-Annexin V/7-AAD in N and QC-treated B16 and 
B16-F10 cells after knockdown of p53 by siRNA (B). The expression of apoptotic-related proteins c-CASP3 and c-PARP, and autophagy-related proteins LC3B and p62 
in B16 and B16-F10 cells after knockdown of p53 by siRNA. The numbers below the bands represent relative protein quantification (C). After knockdown of p53 by 
siP53, the results of autophagy shows that the fusion protein of red fluorescent protein mCherry and LC3, and GFP expression pattern did not change markedly, 
compared with siNC (P > 0.05). The enlarged images were shown at the right concern of each picture (D). *, P < 0.05; **, P < 0.01. 
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Fig. 6. Synergistic effect of niclosamide (N) and quinacrine (QC) 
combination also works on other cancer cell lines, but shows a 
low toxicity on normal cells. Images of tumor cell lines (4T1, 
DU145, RENCA and A498) and immortalized epithelial cell line 
SG and normal primary cells BMSCs treated with N and QC and 
their growth curve. (A-E) (Scale bar: 100 μm). Apoptosis detec-
tion by flow cytometry shows that the representative images of 
APC-Annexin V/7-AAD in N plus QC treated SG and BMSCs (F). *, 
P < 0.05; **, P < 0.01.   
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results showed that niclosamide and quinacrine combination treatment 
markedly increased the c-PARP, c-CASP3, p53 and LC3B positive stained 
tumor cells compared to other groups (Fig. 7D), which indicated that 
niclosamide and quinacrine combination induced apoptosis and auto-
phagy of tumor cells and was in line with the in vitro results (Fig. 3B&C). 
Importantly, aberrant pathology was merely observed in normal tissues 

including kidney, live, brain, intestine and spleen (Fig. 7E), indicating a 
minimal toxicity of the two drugs at a low dose combination within 
normal tissues. 

Fig. 7. Co-treatment of niclosamide (N) and quinacrine (QC) shows a synergistic effect in vivo. Representative images of B16-derived allografts of different drugs 
treated groups (A). Weight and volume of tumors in different groups (B, C). Immunohistochemistry and statistical analysis of c-PARP, c-CASP3, p53 and LC3B. (D). 
HE staining photos of the tissues obtained from different groups (E). (Scale bar: 200 μm) *, P < 0.05; **, P < 0.01. 
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Discussion 

Malignant melanoma is one of the most lethal types of cancer with a 
dramatic increase of its incidence in the last 50 years. There are about 
6700 new melanoma cases in our country per year, and the death toll is 
as high as 3200 cases [31]. Melanoma in early stage can be treated by 
surgical removal, but advanced stages of melanoma has already 
metastasized to other organs such as lung and bone and cannot be 
completely removed. In the past 5 years, however, treatment options for 
patients with metastatic melanoma, especially BRAF-mutant melanoma, 
have dramatically changed with the emerging of eight new therapeutic 
agents which gained FDA approval. The RAS–RAF–MEK–ERK signaling 
cascade is one of the most mutated pathways in human cancers and 
approximately 50% of melanoma patients possess a druggable hotspot 
V600E/K mutation in the BRAF protein kinase [32–34], targeted ther-
apy directed against BRAF and MEK mutations have been one of the 
primary therapies of malignant melanoma patients over the past decade 
and improved their prognosis to some extent [35]. Besides, immuno-
therapies,such as CTLA-4 and PD-1 monoclonal antibodies which work 
for metastatic melanoma by stimulating or regulating the body’s im-
mune system as well as improving microenvironment, also achieved 
promising outcomes in malignant melanoma [36]. However, A number 
of studies have confirmed that targeted drugs are prone to cause some 
serious side effects: skin toxicity injuries, joint pain, hair loss and diar-
rhea during the process of treatment, and excessive use of targeted drugs 
may also cause skin squamous cell carcinoma, skin basal cell carcinoma 
and other tumors. Similarly, the adverse immune side effects of immu-
notherapy are often fatal for patients with advanced tumors [37,38]. 
Therefore, it is of great significance to find out new treatment strategy 
with small side effects and remarkable consequences. Conventional drug 
in new use is greatly promising due to its biological safety and proper 
economic cost [5]. 

The anti-tapeworm drug niclosamide and the anti-malarial drug 
quinacrine are two Food and Drug Administration (FDA)-approved 
drugs, which both exhibit optimistic safety profile and low toxicity even 
after long-term exposure in animals. Numerous studies have showed 
that both niclosamide [39] and quinacrine [22] alone or combined with 
cisplatin could dramatically inhibit cancer cell growth ability and 
induce cell death even at a low concentration, implying that niclosamide 
and quinacrine have the potential to be good anti-cancer agents. To date, 
no study tests the combination of niclosamide and quinacrine in cancer 
treatment. 

In this study, we, for the first time, reported the anti-cancer prop-
erties of the niclosamide and quinacrine in melanoma, evaluated their 
synergistic effect and explored the underlying molecular mechanism 
involved. 

The first new finding of the study is that low doses of niclosamide and 
quinacrine combination can cause dramatically anti-cancer effects on 
melanoma, but low cytotoxicity to normal cells and mice, which in-
dicates that the two drugs have good biological safety. 

In our research, we found that the combination of drugs can inhibit 
the proliferation, migration and invasion of melanoma tumor cells, and 
cause cell death. However, the toxic effect on normal cells was far less 
than tumor cells. In animal experiments, we found that there was no 
significant difference in the mental state of the mice in each group. HE 
staining also proved that the combined medication did not cause sig-
nificant toxic side effects on the organs of the mice. 

The second new finding of the study is that we found the novel 
mechanism regarding low doses of niclosamide and quinacrine combi-
nation yields synergistic effect in melanoma via activating autophagy- 
mediated p53-dependent apoptosis. 

Co-treatment of niclosamide and quinacrine effectively caused 
apoptosis and promoted autophagy across two mouse melanoma cell 
lines B16 and B16-F10 in vitro as well as in vivo in mouse-derived allo-
grafts. In cancer, autophagy can play dual a role in different types and 
stages of cancer, including tumor suppressive and tumor-promoting 

which is determined by nutrition supply, stress of tumor microenvi-
ronment, pathogenic conditions, and the state of immune system [21]. 
Our findings show that an exposure to niclosamide and quinacrine leads 
to autophagosome formation, LC3B accumulation and p62 down-
regulation, all of which are hallmarks of autophagy. We also found that 
combination of niclosamide and quinacrine can up-regulated c-CASP3, 
c-PARP and p53. Furthermore, flow cytometry showed an increase in the 
proportion of apoptotic cells of the combination group, all of which 
suggested cell apoptosis. 

To detect whether co-treatment of niclosamide and quinacrine 
induced-autophagy and apoptosis are independent or related to each 
other, first of all, we chemically blocked autophagy using an autophagy 
inhibitor bafilomycin A (Baf-A1), niclosamide and quinacrine-mediated 
apoptosis is subsequently attenuated both in cellular and molecular 
levels. P53, a tumor suppressor protein, controls the cell cycle, DNA 
replication, as well as abnormal cell division during tumor growth [40]. 
Usually, p53 are turned off and expressed when the cells sustain stress, 
uncontrolled division and proliferation, When the damage is beyond 
tissue repair capability, p53 activates apoptosis by triggering 
apoptosis-involved genes [41]. Our finding shows an increase expres-
sion of p53 protein in the combination group. In order to detect the role 
of p53 in the synergy effect, genetic silence of p53 expression by siRNA 
in the melanoma cell lines. We observe less apoptosis-related protein 
expression and less apoptotic cells, but autophagy-related protein 
expression as well as cell autophagy did not change obviously, which 
suggests the combination drugs play a synergistic effect in melanoma by 
activating autophagy-mediated p53-dependent apoptosis. Considering 
that the effect is very clear, autophagy-mediated p53-dependent 
apoptosis may be an innovation in the field of cancer treatment targets. 

The third new finding of the study is that we probably verify the 
universal anti-cancer role of low doses of niclosamide and quinacrine 
combination in other cancer cell lines. The new findings broaden our 
understanding of the anti-cancer effect of niclosamide and quinacrine. 
Importantly, through in vitro (the immortalized epithelial cell line and 
BMSCs) and in vivo (animal study) assay, we found the new strategy only 
show a slight cytotoxicity to epithelial cells and did not show any 
toxicity in mice. Low doses of each anti-cancer drugs mean less cyto-
toxicity to normal cells, tissues and organs in human, which may reduce 
cancer patient concerns about chemotherapy toxicity. In addition, 
considering that niclosamide and quinacrine are the two low-cost drugs, 
which may help reduce the treatment cost of cancer patients. Collec-
tively, our data indicate that we may develop a novel safe chemother-
apeutic strategy for all types of cancer treatment. 

Conclusion 

In summary, our data, for the first time, not only provide the direct 
evidence and new melanoma treatment strategy that co-treatment of 
niclosamide and quinacrine synergistically inhibited proliferation, 
migration and invasion ability of melanoma cell lines, but also highlight 
the underlying mechanism of niclosamide and quinacrine-mediated 
autophagy-activated p53-dependent apoptosis, which may be devel-
oped a novel, universal and safe chemotherapeutic strategy for cancer 
treatment. 
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