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Abstract. Multiple myeloma (MM) is a malignancy of the 
bone marrow. The median survival time of patients with 
MM is only 5 years, with patients frequently experiencing 
relapse. Currently, there is no effective therapy for recurrent 
MM. The results of the present study indicated that pyrvinium 
pamoate (PP), a US Food and Drug Administration‑approved 
oral anthelmintic drug, exhibited potent antitumor activity in 
MM cells in vitro. It is demonstrated that PP inhibited MM 
cell proliferation and mediated apoptosis. Notably, PP mark-
edly promoted the degradation of β‑catenin and abrogated 
its phosphorylation. PP triggered apoptosis in MM cells by 
inducing the release of cytochrome c and downregulating the 
expression of myeloid leukemia cell differentiation protein. 
In addition, PP effectively induced cell death in primary MM 
cells. In conclusion, PP may be a promising agent for the 
clinical treatment of MM.

Introduction

Multiple myeloma (MM) is characterized by the clonal 
expansion of malignant plasma cells that may result in organ 
damage, including lytic bone lesions, anemia, renal failure 
or hypercalcemia  (1,2). This malignant disease accounts 
for 13% of cases of hematological cancer, and the median 
survival time of patients is only 5 years (3). Plasma cells and 
monoclonal immunoglobulins are responsible for the mani-
festations of the disease. The progression of MM involves 
primary cytogenetic abnormalities (cyclin D, fibroblast 
growth factor receptor 3, histone‑lysine N‑methyltransferase, 
or musculoaponeurotic fibrosarcoma) in myeloma‑initiating 
cells. The oncogenic growth of MM cells is hypothesized to 
be supported by intracellular oncogenic events and tumor 

microenvironment components, such as bone marrow 
stromal cells (4‑6).

Although the introduction of thalidomide, lenalidomide 
and bortezomib into the clinic has markedly improved 
the response rates and survival in patients with MM (7), 
the disease remains largely incurable owing to relapse and 
drug resistance (8,9). Identifying novel agents to overcome 
the adverse effects of current therapies remains an important 
task in the clinic.

The abnormal activation of the Wnt/β‑catenin pathway 
in multiple types of cancer, including lymphomas and MM, 
makes it an attractive therapeutic target (10,11). Notably, the 
Wnt/β‑catenin pathway is constitutively active in MM, which 
is hypothesized to be associated with promoting tumor cell 
proliferation, progression and resistance to chemotherapy (11). 
Blocking the Wnt/β‑catenin signaling pathway suppresses the 
progression of MM, which indicates that a potential thera-
peutic approach would be to intervene in the Wnt/β‑catenin 
pathway (12,13).

P yr vin ium pamoate  [6 ‑ (d imethylam ino) ‑2‑[2‑ 
(2,5‑dimethyl‑1‑phenylpyrrol‑3‑yl) ethenyl]‑1‑methyl‑
quinolinium; PP], commercially known as Povan or Vanquin, 
is a US Food and Drug Administration (FDA)‑approved oral 
anthelmintic drug  (14). It is approved for the treatment of 
enterobiasis, with a safe human dosage of 5‑35 mg/kg/day. 
PP has been identified to be markedly cytotoxic to a number 
of cancer cell lines (15). PP is able to inhibit Wnt/β‑catenin 
signaling through the activation of casein kinase 1α and may 
regulate the stability of β‑catenin and axin in the cytoplasm and 
Pygopus and T‑cell factor/lymphoid enhancer‑binding factor 1 
in the nucleus (16). PP inhibits mitochondrial NADH‑fumarate 
reductase activity and disrupts mitochondrial energy metabo-
lism within the tumor microenvironment (17). Furthermore, 
PP is a non‑competitive androgen receptor (AR) inhibitor 
and inhibits endogenous AR activity in two prostate cancer 
cell lines, LANCaP and LAPC4 (18). PP may also reduce the 
expression of several androgen‑responsive genes in LANCaP 
cells (18).

In the present study, it was hypothesized that PP induced 
apoptosis in MM by blocking Wnt/β‑catenin signaling. 
The results of the present study revealed that PP markedly 
inhibited the growth of MM cells, facilitated apoptosis by 
damaging mitochondria and triggering the intrinsic apop-
tosis pathway, and destabilized β‑catenin in MM. These 
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results provide support for the clinical usage of PP in 
MM treatment.

Materials and methods

Cell culture and reagents. The MM cell lines MM.1S, U266 
and RPMI‑8226 were purchased from the American Type 
Culture Collection (ATCC; Manassas, VA, USA); LP1 and 
OCI‑MY5 cell lines were kindly provided by Dr. Xinliang Mao 
(Soochow University, Suzhou, China) (19). Cells were cultured 
in Iscove's Modified Dulbecco's Medium (IMDM; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) supplemented with 
10% fetal bovine serum (FBS; Biological Industries, Kibbutz 
Beit Haemek, Israel). Cells were incubated at 37˚C in humidified 
air with 5% CO2 at atmospheric pressure. PP (CAS: 3546‑41‑6) 
was purchased from Sigma‑Aldrich (Merck KGaA, Darmstadt, 
Germany); and dissolved in dimethyl sulfoxide (DMSO), giving 
a 20 mM stock solution that was frozen in aliquots and stored 
at ‑20˚C. Bortezomib (cat. no.  179324‑69‑7) was obtained 
from Sigma‑Aldrich (Merck KGaA). Antibodies against poly 
(ADP‑ribose) polymerase (PARP; 1:8,000; cat. no. 556362), 
B‑cell lymphoma 2 (Bcl‑2; 1:1,000; cat. no. 551097), X‑linked 
inhibitor of apoptosis protein (XIAP; 1:1,000; cat. no. 610716), 
active caspase‑3 (1:1,000; cat. no. 559565), caspase‑3 (1:1,000; 
cat. no. 610322), ‑8 (1:1,000; cat. no. 556466) and ‑9 (1:1,000; 
cat. no.  551247) were obtained from BD Pharmingen 
(BD Biosciences, San Jose, CA, USA); anti‑Bcl‑2‑like protein 
(Bim, 1:1,000; cat. no. sc‑374358), B‑cell lymphoma‑extra‑large 
(Bcl‑XL; 1:500; cat. no. sc‑8392) and induced myeloid leukemia 
cell differentiation protein (Mcl‑1; 1:500; cat. no. sc‑12756) 
were obtained from Santa Cruz Biotechnology, Inc. (Dallas, 
TX, USA); anti‑survivin (1:1,000; cat. no.  SAB3500269) 
and anti‑β‑actin (1:8,000; cat. no.  A1978) antibodies were 
obtained from Sigma‑Aldrich (Merck, KGaA). Antibodies 
against β‑catenin (1:1,000; cat. no. 9562), phospho‑β‑catenin 
(Ser33/37/Thr41, 1:1,000; cat. no.  9561), phospho‑GSK3β 
(S9, 1:1,000; cat. no. 9323), c‑Myc (1:1,000; cat. no. 9402), Cyclin 
D1 (1:1,000; cat. no. 2922), Cytochrome c (Cyto c; 1:1,000; 
cat. no. 4272) and tubulin (1:1,000; cat. no. 2148) were from 
Cell Signaling Technology, Inc. (Danvers, MA, USA). Anti‑cyto 
c oxidase subunit II (COX II; 1:1,000; cat. no. PA5‑75199) 
was obtained from Molecular Probes (Thermo Fisher 
Scientific, Inc.). Antibody phospho‑GSK3β (Y216, 1:1,000; 
cat. no.  ab75745) was purchased from Abcam (Cambridge, 
UK), IRDye® 800CW goat anti‑mouse IgG (H+L) (1:10,000; 
cat. no. 925‑32210) and IRDye® 800CW goat anti‑rabbit IgG 
(H+L) (1:10,000; cat. no. 925‑32211) secondary antibodies were 
from LI‑COR Biosciences (Lincoln, NE, USA).

Primary cells. Peripheral blood samples or bone marrow 
aspirates were obtained from patients with MM (n=5) in the 
First Affiliated Hospital of Jinan University (Guangzhou, 
China). Patient clinicopathological information is in Table I. 
Mononuclear cells were isolated by Ficoll separation using 
Histopaque‑1077 (density 1.077 g/ml; Sigma‑Aldrich; Merck 
KGaA). Briefly, 3 ml Histopaque‑1077 was added to a 15 ml 
centrifuge tube until room temperature was attained, then 3 ml 
of whole blood was carefully layered onto the Histopaque‑1077. 
Following centrifugation at 400 x g for 30 min at room temper-
ature, the opaque interface was carefully transferred into 

a clean centrifuge tube. Contaminating red cells were lysed 
in 0.8% ammonium chloride solution for 10 min. Following 
three washes with PBS, cells were suspended in IMDM 
supplemented with 10% FBS and incubated at 37˚C in water 
vapor‑saturated air with 5% CO2 at one atmospheric pressure. 
The present study was approved by the Ethics Committee 
of Jinan University; each patient provided written informed 
consent for inclusion in the present study.

Cell viability assay. Cell viability was evaluated using an 
MTS assay (CellTiter 96 Aqueous One Solution reagent; 
Promega Corporation, Madison, WI, USA) as described 
previously (20,21). Briefly, 2x104 cells in 100 µl were exposed 
to various concentrations of PP (100, 50, 25, 12.5, 6.25, 3.125, 
1.5625, 0.78, 0.39 and 0.19 nM) for 72 h. Control cells were 
treated with DMSO instead at a final concentration <0.1% 
as the highest concentration of PP. A total of 20 µl of MTS 
solution per well was added 4 h prior to culture termination. 
Absorbance was read at 490 nm using a 96‑well plate reader.

The combination between PP (80, 40, 20, 10 and 5 nM) 
and bortezomib (4, 2, 1, 0.5, 0.25 and 0.125 nM) in MM cells 
were determined by MTS assay. The combinational effects 
were evaluated by use of the CalcuSyn software (version 2.0; 
BIOSOFT, Cambridge, UK). Combination index (CI) was the 
ratio of the combination dose to the sum of the single‑agent 
doses at an isoeffective level. CI < 1 indicates synergy; CI>1, 
antagonism; and CI=1, additive.

Western blot analysis. Whole lysates were prepared with 
radioimmunoprecipitation assay (RIPA) buffer [1x PBS, 
1% NP‑40, 0.5% sodium deoxycholate, 0.1% SDS, added 
10 mM β‑glycerophosphate, 1 mM sodium orthovanadate, 
10 mM NaF, 1 mM phenylmethylsulfonyl fluoride (PMSF)] 
and 1x Roche Complete Mini Protease Inhibitor Cocktail 
(Roche Diagnostics, Indianapolis, IN, USA) prior to usage. The 
cytosolic extract was prepared with digitonin extraction buffer 
[1 mM piperazine‑N, N'bis (pH=6.8), 300 mM sucrose, 0.015% 
digitonin, 3 mM MgCl2, 5 mM EDTA, 100 mM NaCl and 
1 mM PMSF] for measuring the levels of cyto c in the cytosol. 
Immunoblotting of whole‑cell lysates prepared in RIPA buffer 
was performed as previously reported (22‑24). The protein 
concentration was determined using a Bicinchoninic Acid kit 
(cat. no. p0010, Beyotime Institute of Biotechnology, Haimen, 
China). Protein samples (25 µg per sample) were separated on 
10% SDS‑PAGE gel and transferred to nitrocellulose (NC) 
membranes, which were then blocked with milk (0.5% NaN3) 
for 1 h at room temperature, each lane was excised according 
to the mass of protein [phosphor‑β‑catenin(S33/37/T41) and 
β‑catenin: 90 kDa; phospho‑GSK3β (S9), phospho‑GSK3β 
(Y216) and GSK3β: 51, 46 kDa; C‑myc: 62 kDa; Cyclin D1: 
36 kDa; β‑actin: 43 kDa; PARP: 116, 85 kDa; active‑caspase‑3: 
17 kDa, caspase‑3: 35 kDa; caspase‑8: 57 kDa; caspase‑9: 
47 kDa; Mcl‑1: 42 kDa; XIAP: 64, 57 kDa; Bcl‑2: 26 kDa; 
Bcl‑XL: 23 kDa; Bim: 23, 16 and 13 kDa; COXII: 74 kDa; 
Cyto c: 14 kDa; Tubulin: 55 kDa and then incubated with 
the aforementioned primary antibodies overnight at 4˚C. 
Following incubation with the aforementioned secondary anti-
bodies for 1 h at room temperature, the NC membranes were 
scanned using the Odyssey infrared imaging system (LI‑COR) 
with no further staining or visualization reagent.
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Trypan blue exclusion assay. Cells were stained with 0.4% 
trypan blue (Sigma‑Aldrich; Merck KGaA) dissolved in water 
immediately (1‑10x105/ml, at room temperature), then the 
cell numbers were counted under an inverted phase‑contrast 
microscope.

Colony‑formation assay. MM cells were treated with different 
concentrations of PP (120, 60 or 30 nM of LP1, and 200, 100 or 
50 nM of RPMI‑8226, respectively) or diluent (DMSO, control) 
for 48 h at 37˚C in water vapor‑saturated air with 5% CO2, 
washed with PBS, and then seeded in IMDM containing 0.3% 
agar and 20% FBS in the absence of drug treatment (22,25). 
Colonies (containing ≥50 cells) were counted under an inverted 
optical microscope (Olympus, Japan) following two weeks of 
incubation at 37˚C.

Transfection of plasmids. Human pCMV6‑flag‑β‑catenin 
and empty vector equivalents was obtained from Addgene, 
Inc. (Cambridge, MA, USA). Plasmids or empty vector 
(2 µg) were delivered into RPMI‑8226 in 10 ml medium 
using polyethylenimine reagent (6  µg). Briefly, plasmids 
or empty vector (2 µg) were mixed with polyethylenimine 
(PEI, Polysciences, Warrington, PA) in 1 ml opti‑MEM and 
then added to target cells in 10 cm dish (containing 9 ml 
RPMI‑1640 medium). The medium was changed for fresh 
IMDM culture after 8 h, and then cells were exposed to PP 
(100 or 200 nM, respectively) for 48 h at 37˚C. Trypan blue 
exclusion assays and Western blotting analysis were then 
performed as aforementioned.

Lentiviral transduction in MM cells. Lentiviruses were 
produced by transient transfection in 293T cells purchased from 
the ATCC using control scrambled short hairpin RNA (shRNA) 
and specific shRNA against β‑catenin in a pLKO.1‑puro 
vector (6 µg) (Sigma‑Aldrich; Merck KGaA). Lentiviruses 
were harvested at 48 h post‑transfection. RPMI‑8226 cells 
(1x106 cells/well in 6‑well plates) were infected with fresh 
lentiviruses, then Polybrene (8 µg/ml, Sigma‑Aldrich; Merck 

KGaA) was added in the culture medium. All wells were 
refreshed with 2 ml fresh IMDM medium after 2‑4 h at 37˚C, 
and the successfully infected cells were selected by using 
1.0 µg/ml puromycin.

Statistical analysis. Data collected in all the experiments are 
expressed as the mean ± standard error of the mean. Statistical 
analysis was performed using GraphPad Prism software 
(version 5.0; GraphPad Software, Inc., La Jolla, CA). A 2‑sided 
Student's t‑test was performed to assess the difference between 
two groups and one‑way analysis of variance with post hoc 
intergroup comparisons using Tukey's test was used to perform 
comparisons between multiple groups. P<0.05 was considered 
to indicate a statistically significant difference. Each experi-
ment was performed at least three times independently.

Results

PP abrogates the Wnt/β‑catenin pathway in human MM 
cells. In the present study, the molecular events resulting from 
the effects of PP (Fig. 1A) triggering on the Wnt/β‑catenin 
pathway were characterized. The results revealed that the total 
level of β‑catenin and the level of phosphorylated β‑catenin 
decreased as the dose of PP increased in MM cells (Fig. 1B). 
Although phosphorylated β‑catenin facilitates the proteasomal 
degradation of total β‑catenin, the decrease in phosphorylated 
β‑catenin may be due to a lack of total β‑catenin, mediated 
by PP. The phosphorylation status of glycogen synthase 
kinase 3β (GSK3β) in MM cells was measured following 
PP treatment, since β‑catenin is regulated by GSK3β in 
the Wnt/β‑catenin signaling pathway. PP downregulated 
S9‑phosphorylated GSK3β (inactive GSK3β), whereas levels 
of Y216‑phosphorylated GSK3β (active GSK3β) exhibited no 
change (Fig. 1B).

β‑catenin serves a notable function in PP‑induced apoptosis. 
To examine the function of β‑catenin in PP‑mediated apop-
tosis, RPMI‑8226 cells transfected with empty vector or 

Table I. Characteristics of patients with multiple myeloma.

Patient	 Gender/age, 		  M‑component	 Stage	 Plasma 		
no.	 years	 Sample	 type	 (ISS)a	 cells, %	 Cytogenetics	 Last treatment

1	 F/67	 PB	 ND	 ND	 87	 ND	 Bortezomib, epirubicin
							       and dexamethasone
2	 M/41	 PB	 IgG‑λ	 IIIB	 49.5	 CKs1B/CDKN2C (P18), 	 Dexamethasone, 
						      RB1 (13q14), and	 lenalidomide and
						      IgH amplification	 prednisone
3	 F/49	 BM	 IgD‑λ	 III	 79.5	 RB1(13q14) deletion	 Bortezomib, dexamethasone, 
							       thalidomide and mephalan
4	 M/53	 PB	 IgA‑κ	 IIA	 84	 RB1, D13s319, 1q21, 	 Lenalidomide
						      and IgH amplification	
5	 F/63	 PB	 IgG‑λ	 ND	 33.5	 ND	 Bortezomib, dexamethasone
							       and doxorubicin

a(33). PB, peripheral blood; BM, bone marrow; ND, not detected; Ig, immunoglobulin; RB1, retinoblastoma protein; CDKN2C, cyclin depen-
dent kinase inhibitor 2C; ISS, international staging system.



XU et al:  MULTIPLE MYELOMA CELLS ARE SENSITIVE TO PYRVINIUM PAMOATE5874

a β‑catenin‑encoding plasmid were treated with control 
culture medium or PP for 48 h. The cells transfected with 
the β‑catenin‑encoding plasmid underwent no increase in 

apoptosis, whereas empty vector‑transfected cells exhibited 
extensive apoptosis, which was indicated by the specific 
cleavage of PARP, activation of caspase‑3 and trypan blue 

Figure 1. PP blocks Wnt/β‑catenin signaling. (A) Molecular structure of PP. (B) RPMI‑8226 and LP1 cells were treated with PP at the indicated concentrations 
for 48 h, and western blot analysis was performed with whole‑cell lysates. RPMI‑8226 cells were transfected with (C) plasmids (empty vector or β‑catenin) 
or (D) shRNAs (scramble or β‑catenin‑targeting). The cells were treated with the indicated concentration of PP, cell lysates were subjected to western blot 
analysis and the degree of cell death was determined using a trypan blue exclusion assay. *P<0.05, **P<0.01, ***P<0.001; β‑catenin vs. empty vector , shβ‑catenin 
#1 or shβ‑catenin #2 vs. Scramble, respectively. shRNA, short hairpin RNA; PP, pyrvinium pamoate; p‑GSK3β, phosphorylated glycogen synthase kinase 3β; 
PARP, poly (ADP‑ribose) polymerase.
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exclusion assay (Fig. 1C). Conversely, knockdown of β‑catenin 
with the specific β‑catenin‑shRNA greatly increased the 
capability of PP to induce apoptosis (Fig.  1D, P<0.05 for 
all comparisons). β‑Catenin, may therefore serve a notable 
function in apoptosis mediated by PP.

PP suppresses the growth of MM cells. The effect of PP on 
the viability of MM cells was evaluated. U266, RPMI‑8226, 
MM.1S, OCI‑MY5 and LP1 cells were incubated with or 
without (100, 50, 25, 12.5, 6.25, 3.12, 1.56, 0.78, 0.39 and 

0.19 nM) of PP for 72 h, and the viability of these cells was 
examined using MTS assay. PP inhibited the growth of all 
cells in a dose‑dependent manner. The half‑maximal inhibi-
tory concentrations (IC50) for U266, RPMI‑8226, MM.1S, 
OCI‑MY5 and LP1 cells were 19.6, 27.1, 48.4, 31.1 and 
82.1 nM, respectively (Fig. 2A). The anti‑proliferative effects 
of PP were assessed over a number of days in RPMI‑8226 
and LP1 cells. PP demonstrated potent anti‑proliferative 
effects for RPMI‑8226 and LP1 cells (Fig. 2B). The effect of 
PP on anchorage‑independent growth was measured using 

Figure 2. PP suppresses the growth of MM cells. (A) MM RPMI‑8226, LP1, U266, MM.1S, and OCI‑MY5 cells were exposed to the indicated concentrations 
of PP for 72 h. Cell viability was determined by MTS assay. (B) Inhibition of the viability of RPMI‑8226 and LP1 by PP in vitro (cells were counted using the 
trypan blue exclusion assay) over 7 days in culture. (C) PP inhibited the clonogenicity of MM cells. RPMI‑8226 and LP1 cells were treated with PP for 48 h, 
and then cells were washed and seeded in soft agar for 2 weeks, following which the colonies were counted. (D) The synergistic effect of the combination of 
PP and bortezomib in MM cells RPMI‑8226 and LP1was observed. PP, pyrvinium pamoate; MM, multiple myeloma.
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RPMI‑8226 and LP1 cells in soft agar culture via a colony 
formation assay. PP inhibited the number of surviving 

clonogenic MM cells in a dose‑dependent fashion, with IC50 
values of ~134 and 37 nM, respectively (Fig. 2C).

Figure 3. PP induces apoptosis in MM. (RPMI‑8226 and LP1 cells were treated with PP at (A) escalating concentrations for 48 h or (B) a fixed concentration 
(200 nM for RPMI‑8226 and 120 nM for LP1) for different durations. A trypan blue exclusion assay was performed to count viable cells. (C) Western blotting 
analysis of RPMI‑8226 and LP1 cells treated with PP for 48 h or at a fixed concentration (200 nM for RPMI‑8226 and 120 nM for LP1) for different durations. 
(D) RPMI‑8226 and LP‑1 cells were exposed to the indicated levels of PP for 48 h; the levels of cytochrome c in the cytosolic fractions were monitored by 
western blotting. COXII served as a mitochondrial indicator to exclude the contamination of cytosolic fraction by mitochondria. (E) Western blotting analysis 
of apoptosis‑associated proteins in RPMI‑8226 and LP1 cells upon treatment with PP. *P<0.05, **P<0.01, ***P<0.001; compared with the control. PP, pyrvinium 
pamoate; MM, multiple myeloma; Bcl‑2, B‑cell lymphoma 2; COXII, cyclooxygenase 2; Bcl‑xL, Bcl‑2‑assocaited X; BclXL, Bcl‑extra large; Bim, Bcl2‑like 
protein; XIAP, X‑linked inhibitor of apoptosis protein; Mcl‑1, induced myeloid leukemia cell differentiation protein.
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Bortezomib, one of the ubiquitin‑proteasome pathway 
inhibitors, is the primary frontline drug for patients with MM. A 
combined effect was observed between PP and bortezomib with 
serial fixed ratio dilutions respectively at in MM cells (20,000 per 
well, 37˚C). MTS assay was performed by incubating MM cells 
in a serially diluted mixture of PP and bortezomib at a fixed 
ratio for 72 h, which revealed synergism between PP and bort-
ezomib based on the combination index (Fig. 2D) (23).

PP induces apoptosis in MM cells. To investigate whether 
PP was able to trigger intrinsic apoptosis in MM cells, it was 
evaluated using a trypan blue exclusion assay. PP markedly 
induced cell death in RPMI‑8226 and LP1 cells in a dose‑ and 
time‑dependent manner (Fig.  3A and B). Western blotting 
analysis revealed that PP promoted specific cleavage of PARP, 
caspase‑8, ‑9 and ‑3 in RPMI‑8226 and LP1 cells in a dose‑ and 
time‑dependent manner (Fig. 3C), further confirming the occur-
rence of apoptosis. Cyto c levels in the cytosolic fraction were 
increased in a time‑dependent manner following exposure of 
RPMI‑8226 and LP1 cells to PP (Fig. 3D). These results indicate 
that PP is able to induce intrinsic apoptosis in MM cells.

Effect of PP on the expression of apoptosis‑associated 
proteins. To investigate the mechanism of PP‑induced apop-
tosis, the expression of apoptosis‑associated proteins was 
assessed. The levels of Mcl‑1 and survivin were decreased, 
Bim (BimEL, BimL and BimS isoforms) was increased in a 
dose‑dependent fashion and the levels of XIAP, Bcl‑XL and 
Bcl‑2 exhibited no alteration (Fig. 3E).

PP induces an evident increase in cell death in MM primary 
cells. Primary cells from 5 patients with MM were exposed to 
escalating concentrations of PP for 48 h, and the incidence of 
cell death was determined by the trypan blue exclusion assay. 
As indicated in Fig. 4, PP was effective in inducing cell death 
in primary MM cells.

Discussion

The results of the present study demonstrated that PP potently 
attenuated growth and induced apoptosis in MM cell lines and 

primary tumor cells; the induction of apoptosis by PP may be 
a result of its inhibitory effect on the Wnt/β‑catenin pathway. 
Furthermore, PP exhibits a synergism with bortezomib, a 
frontline drug for patients with MM, in killing MM cells. 
Thus, PP may exhibit potential therapeutic applications with 
bortezomib as an adjuvant drug in clinical MM treatment.

Due to cost‑ and time‑saving benefits, identifying novel 
applications for established drugs attracts more attention 
than the identification of novel drugs. As a quinolone‑derived 
cyanine dye, PP has been safely used as an anthelmintic since 
the 1950s. In the present study, PP demonstrated antineoplastic 
activity in MM cells. Pharmacokinetic studies have identified 
that tablets or suspensions of PP, administered as a single 
350 mg/day dose to healthy volunteers, are much higher than 
the concentrations at which it reaches antitumor activity (26). 
PP delivered orally was not genotoxic in the mouse colon, even 
at doses ≤12.5 times the recommended human dosage (27). 
PP exhibits a number of difficulties in solubility and absorp-
tion across the gastrointestinal tract; however, other soluble 
pyrvinium salts and structural mimetics may exhibit thera-
peutic promise (28,29).

The Wnt/β‑catenin pathway serves an important function 
in embryonic development, the self‑renewal and maintenance 
of stem cells, and as a hallmark of carcinogenesis (30,31). In 
MM, canonical Wnt/β‑catenin signaling is aberrant, which 
associates with MM cell growth, survival and migration. 
As a participant in the canonical Wnt signaling pathway, 
β‑catenin is degraded by ubiquitination through GSK3β 
and its kinase activity is inhibited by S9 phosphorylation. 
Inhibiting the Wnt/β‑catenin pathway will cause a cascade 
of events; β‑catenin levels decrease, as will the expression 
of downstream target genes, including axin 2, MYC and 
cyclin D1. A study has demonstrated that β‑catenin silencing 
induces autophagy and apoptosis in MM cells by increasing 
the levels of pro‑apoptotic protein Bax and active caspase‑3, 
and decreasing the expression of anti‑apoptotic protein 
Bcl‑2 (6). Furthermore, a previous study has identified that 
blocking the Wnt/β‑catenin pathway may eliminate stem‑like 
myeloma cells (32). These studies identified the therapeutic 
efficacy of blocking Wnt/β‑catenin in MM. Consistent with 
the previous studies, PP has an inhibitory effect on the 
expression of Wnt/β‑catenin, which mediates cell death 
in MM cells. The present results revealed a decrease in 
the total level of Wnt/β‑catenin and the abrogation of its 
phosphorylation in PP‑treated MM cells. The reduction in 
phosphorylation of its downstream target GSK3β at S9 was 
also observed.

Taken together, the results of the present study indicate PP 
potently kills MM cells and primary cells taken from patients 
with MM by blocking Wnt/β‑catenin expression, and there is a 
synergism between bortezomib and PP in killing tumor cells. 
Considering that PP is already an FDA‑approved anthelmintic 
drug, a clinical trial of PP for patients with MM may be 
warranted.
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