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RB116 cells. Cell cycle analysis using PI stain-
ing demonstrated that niclosamide inhibited 
cell proliferation by causing cell cycle arrest at 
the G2/M phase (Figure 1B). Niclosamide (0.5, 
1, and 5 µM) also significantly induced apopto-
sis of retinoblastoma cells, as assessed by 
quantification of annexin V staining (Figure 1C). 
A pan-caspase inhibitor, Z-VAD-FMK, complete-
ly abolished the apoptosis-inducing effect of 
niclosamide (Figure 1D), demonstrating that 
niclosamide induces apoptosis of retinoblasto-
ma cells in a caspase-dependent manner. 

We then investigated the combinatory effects 
of niclosamide and the standard chemotherapy 
agent carboplatin in retinoblastoma cells. The 
concentrations of niclosamide or carboplatin 
used for the combination studies were those 
that individually inhibited proliferation by ~30% 

and induced apoptosis in ~30% of cells in Y79, 
WERI-Rb-1, and RB116 cultures (Figure 2). 
However, when niclosamide and carboplatin 
were combined, they inhibited ~100% of prolif-
eration and induced apoptosis in ~100% of 
cells (Figure 2), suggesting that niclosamide 
synergistically augments the effects of carbo-
platin in retinoblastoma cells. 

Niclosamide significantly inhibited multiple 
aspects of retinoblastoma angiogenesis

Retinoblastoma is an angiogenesis-dependent 
tumor, and anti-angiogenesis therapy has been 
shown to inhibit retinoblastoma growth [7, 8, 
23, 24]. In order to test if niclosamide affected 
retinoblastoma angiogenesis, we performed in 
vitro angiogenesis assays on gelled basement 
membrane extracts (Matrigel®) using HRECs. 

Figure 3. Niclosamide significantly inhibited retinal angiogenesis. Representative images (A) and the quantification 
(B) of capillary network structures revealed the potent inhibitory effect of niclosamide on retinal angiogenesis. The 
photos were taken after 6 hours of in vitro capillary tube formation by HRECs. Quantification was performed with 
ImageJ software. Niclosamide significantly decreased the migration (C) and proliferation (D), and increased the 
apoptosis (E), of HRECs. The cells received drug treatment for 72 hours prior to MTS and apoptosis assays, and for 
6 hours prior to capillary tube formation and migration assays. *P<0.05, compared to control. 
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HRECs formed capillary tubes within 6 h of cul-
ture on Matrigel® [25] (Figure 3A). However, 
HRECs failed to form proper capillary tubes in 
the presence of niclosamide. Importantly, cells 
exposed to 5 µM niclosamide formed minimal 
tubular networks (Figure 3A and 3B), suggest-
ing that niclosamide is a potent angiogenesis 
inhibitor. In addition, niclosamide significantly 
inhibited other biological functions of HRECs, 
such as migration, proliferation, and survival 
(Figure 3C-E).

Niclosamide targeted retinoblastoma cells 
through inhibition of the Wnt/β-catenin path-
way

The anti-tumor activities of niclosamide have 
been attributed to its inhibition of the Wnt/β-
catenin, mTOR, and STAT3 signaling pathways 
[12, 13, 26, 27]. Given the importance of the 
Wnt/β-catenin and STAT3 pathways in cancer 
development and the maintenance of cancer 
stem cells [28-30], we examined if niclosamide 

acts on retinoblastoma via targeting Wnt/β-
catenin and/or STAT3. 

We found that niclosamide decreased the lev-
els of essential molecules involved in Wnt/β-
catenin signaling, including p-LRP6, β-catenin, 
and Dvl2, whereas it did not affect the level of 
p-STAT3, in Y79 cells (Figure 4A and 4B, 
Supplementary Data), suggesting that niclosa- 
mide specifically inhibits Wnt/β-catenin signal-
ing in retinoblastoma cells. We consistently 
observed decreased β-catenin activity and 
Wnt/β-catenin target gene (MYC, CCND1, and 
BCL9) transcript levels in Y79 cells exposed to 
niclosamide (Figure 4C and 4D). We next res-
cued β-catenin levels using the Wnt activator 
LiCl and found that the anti-proliferative and 
pro-apoptotic effects of niclosamide were abol-
ished by LiCl (Figure 5A and 5B). Similarly, 
β-catenin overexpression reversed the inhibi-
tory effects of niclosamide in retinoblastoma 
cells (Figure 5C and 5D). These findings dem-
onstrated that the inhibitory effects of 
niclosamide in retinoblastoma cells can be 

Figure 4. Niclosamide inhibited the Wnt/β-catenin pathway in retinoblastoma cells. Representative images (A) and 
quantification (B) of western blots showing decreased protein levels of Dvl2 and β-catenin, and decreased levels of 
phosphorylated LRP6, but not STAT3, in niclosamide-treated Y79 cells. Protein levels were normalized to β-actin. 
Niclosamide significantly decreased β-catenin activity (C) and the transcript levels of Wnt/β-catenin target genes, 
including BCL9, MYC, and CCND1 (D) in Y79 cells. Cells were treated with niclosamide at different concentrations 
for 24 hours prior to western blotting, and luciferase activity and gene expression analyses. The results shown are 
relative to the control. *P<0.05, compared to control.
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attributed to its ability to suppress the Wnt/β-
catenin signaling pathway.

Niclosamide significantly augmented the in 
vivo efficacy of a chemotherapeutic agent in 
retinoblastoma cells

We further investigated the translational poten-
tial of niclosamide for retinoblastoma treat-
ment. We established a retinoblastoma xeno-
graft mouse model by subcutaneously implant-
ing Y79 cells into the flanks of NOD/SCID mice, 
then tested the in vivo efficacy of carboplatin 
and niclosamide combination treatment. After 
the development of palpable tumors, the mice 
were treated daily with vehicle, each drug alone, 
or the drug combination for 3 weeks. We did 
not observe significant toxicity in the mice 
treated with niclosamide (0.5 mg/kg) or carbo-
platin (1 mg/kg) alone, as shown by their body 
weights, appearance, and behavior. Admini- 
stered singly, niclosamide or carboplatin mod-
erately inhibited tumor growth (Figure 6A and 

6B). However, when the 2 drugs were com-
bined, we detected a significantly greater inhi-
bition of tumor growth throughout the treat-
ment (Figure 6A-C). In addition, the decreased 
levels of p-LRP6, Dvl2, and β-catenin observed 
in the tumors of the mice treated with 
niclosamide and the drug combination demon-
strated that niclosamide inhibits Wnt/β-catenin 
signaling in vivo (Figure 6D and Supplementary 
Data). 

Discussion

More effective chemotherapy strategies are 
needed for the clinical management of retino-
blastoma. Development of a combination ther-
apy consisting of 2 agents with different molec-
ular targets is a compelling approach to maxi-
mize potency and minimize toxicity [31]. Drug 
repurposing offers a good opportunity to iden-
tify potent combinations of FDA-approved drugs 
with potentially new indications, and has been 
hotly investigated in major drug discovery pro-
grams [32]. In line with these efforts, we 

Figure 5. β-catenin overexpression via pharmacological and genetic approaches reversed the inhibitory effects of 
niclosamide on retinoblastoma cells. Niclosamide was ineffective at inhibiting proliferation (A) and inducing apop-
tosis (B) in Y79 cells in the presence of the Wnt activator LiCl. We used 5 µM niclosamide and 10 µM LiCl in the 
rescue experiment. The overexpression of β-catenin abolished the anti-proliferative (C) and pro-apoptotic (D) effects 
of niclosamide in Y79 cells. Niclosamide was added to the cells 24 hours post-transfection. *P<0.05, compared to 
niclosamide or p-Vector.
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screened a few FDA-approved drugs and identi-
fied niclosamide as a potential addition to the 
treatment armamentarium for retinoblastoma. 
In this study, we demonstrated that niclosamide 
effectively targets multiple aspects of retino-
blastoma via inhibition of the Wnt/β-catenin 
pathway. Importantly, niclosamide acted syner-
gistically with carboplatin against retinoblasto-
ma in vitro and in vivo. 

We demonstrated the inhibitory effects of 
niclosamide on 3 retinoblastoma cell lines of 
different cellular origins, morphology, and 
karyotypes [20-22]. Niclosamide arrested cell 
growth at the G2/M phase and induced cas-
pase-dependent apoptosis with a similar IC50 in 
all tested cell lines (Figure 1), suggesting that 
the inhibitory effects of niclosamide are univer-
sal in retinoblastoma. We also tested the in vivo 

efficacy of niclosamide using a retinoblastoma 
xenograft mouse model. Niclosamide, at doses 
that were not toxic to mice, effectively inhibited 
retinoblastoma tumor growth (Figure 6). 
Niclosamide has been demonstrated to inhibit 
the growth and survival of breast, ovarian, and 
prostate cancers, as well as glioblastoma and 
leukemia [11, 14, 17, 33-35]. Our results are 
consistent with, and extend to retinoblastoma, 
the previous findings on the anti-cancer activi-
ties of niclosamide. 

In addition to targeting retinoblastoma cells, we 
are the first demonstrate that niclosamide 
effectively inhibits retinal angiogenesis via sup-
pression of the capillary network formation, 
migration, growth, and survival of HRECs 
(Figure 3). Retinoblastoma is a well-vascular-
ized solid tumor that depends on angiogenesis 

Figure 6. Niclosamide enhanced the inhibitory effects of carboplatin on Wnt/β-catenin signaling in retinoblastoma 
cells in vivo. (A) Representative images of tumors isolated from mice treated with vehicle (20% DMSO in saline), 
carboplatin (i.p. 1 mg/kg) or niclosamide (i.p. 0.5 mg/kg) alone, or a combination of carboplatin and niclosamide. 
Tumor growth curves (B) and tumor weights (C) demonstrated the potent inhibitory effects of the combination of 
carboplatin and niclosamide on tumor growth throughout the treatment. (D) Representative western blot images 
showing the decreased p-LRP6, Dvl2, and β-catenin levels in tumors from niclosamide- and combination-treated 
mice. The retinoblastoma xenograft mouse model was established by subcutaneously injecting Y79 cells into NOD/
SCID mice. *P<0.05, compared to niclosamide or carboplatin alone. 
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for growth, survival, and metastasis [36]. 
Quantification of angiogenesis can help to iden-
tify patients at high risk of retinoblastoma dis-
semination after enucleation [8]. Targeting 
angiogenesis has been shown to inhibit retino-
blastoma growth in a xenograft mouse model 
without producing substantial systemic toxicity 
[23, 24]. Despite a strong initial response to 
treatment, some patients still develop chemo-
resistance and relapse [37]. Our findings 
showed that niclosamide significantly sensitiz-
es retinoblastoma cells to carboplatin (Figures 
2 and 6), suggesting that the combination of 
niclosamide with a chemotherapeutic agent is 
likely to overcome the chemoresistance of reti-
noblastoma. This is consistent with previous 
reports that niclosamide enhances the effects 
of cisplatin or dasatinib in breast cancer and 
chronic myeloid leukemia [11, 17]. The abilities 
of niclosamide to inhibit retinal angiogenesis 
and synergize with a chemotherapeutic agent 
may confer greater success than other anti-
cancer compounds. 

The molecular mechanisms of the anti-cancer 
activities of niclosamide vary in different types 
of cancer, but mainly include the induction of 
mitochondrial dysfunction, or the inhibition of 
the Wnt/β-catenin, STAT3, and NF-ĸB pathways 
[11, 26, 38, 39]. A significant finding of this 
work is the identification of Wnt/β-catenin inhi-
bition as the mechanism of niclosamide action 
in retinoblastoma. We observed decreased lev-
els of essential molecules involved in Wnt/β-
catenin, but not p-STAT3, as well as reduced 
β-catenin activity and expression of Wnt/β-
catenin target gene mRNA in retinoblastoma 
cells exposed to niclosamide (Figure 4). 
Stabilization of β-catenin using both pharmaco-
logical and genetic approaches completely 
reversed the effects of niclosamide on retino-
blastoma, further confirming that niclosamide 
acts on retinoblastoma via inhibition of Wnt/β-
catenin signaling (Figure 5). The roles of Wnt/β-
catenin in promoting cancer development and 
facilitating cancer stem cell maintenance have 
been well-documented in various cancers [29]. 
However, the roles of Wnt/β-catenin in retino-
blastoma are controversial. Tell et al. showed 
that Wnt signaling promoted tumor suppres-
sion in retinoblastoma, whereas Silva et al. and 
Gao et al. demonstrated that Wnt/β-catenin 
signaling positively regulated the growth of reti-
noblastoma cells and stem-like cells [40-42]. 

Our findings suggest that Wnt/β-catenin activa-
tion is critical to retinoblastoma proliferation 
and survival. 

In conclusion, our work shows that niclosamide 
is a potential candidate for retinoblastoma 
treatment, given its individual potency and its 
synergism with a chemotherapeutic agent in 
vitro and in vivo. Our work also demonstrates 
that targeting the Wnt/β-catenin pathway is a 
promising alternative strategy for treating 
retinoblastoma. 
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