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Abstract. Lung cancer, including small‑cell lung carcinoma 
(SCLC) and non‑small cell lung carcinoma (NSCLC), are the 
most common tumor types, which represent 13% of newly diag-
nosed cancer cases worldwide. SCLC represents 15% of all lung 
cancer cases. Although an increasing number of novel targeted 
drugs are employed for the treatment of NSCLC, including 
Iressa, Tarceva and Conmana, there have been almost no major 
breakthroughs in SCLC over the last 30 years. Therefore, new 
drug targets are required to treat or prevent SCLC. Aberrant 
Wnt signaling is associated with numerous types of tumors, 
and it plays a key role in cell proliferation and survival. Recent 
preclinical studies suggested that XAV939 is a small‑molecule 
inhibitor of the Wnt signaling pathway. In the present study, 
whether XAV939 is able to inhibit the proliferation of SCLC 
cells and the underlying mechanism were investigated. The 
inhibition of cell proliferation was detected by Cell Counting 
Kit‑8 (CCK‑8) assay. The mRNA expression of β‑catenin and 
cyclin D1 were detected by reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR), and the protein expres-
sion of β‑catenin and cyclin D1 was determined by western 
blotting. The results from the CCK‑8 cell viability assay 
confirmed that XAV939 is able to inhibit the proliferation of 
SCLC cells in a dose‑dependent manner. However, the effects 
of XAV939 were not time‑dependent. By contrast, the effect of 
DDP treatment was time‑ and dose‑dependent. Furthermore, 
the effect of combination treatment with XAV939 and DDP 
was antagonistic at low doses and synergistic at high doses. 
It was also observed that the mRNA and protein expression 
of β‑catenin and cyclin D1 was significantly in SCLC cells 
following XAV939 treatment compared with the control 
group. These findings suggested that XAV939 is able to inhibit 

the proliferation of H446 cells, at least partially, through 
downregulating the Wnt/β‑catenin signaling pathway. All of 
these results may provide potential therapeutic approaches for 
the treatment of SCLC. 

Introduction

Lung cancer, is the most frequently diagnosed cancer and the 
leading cause of cancer‑associated mortalities among males 
and females worldwide. Small‑cell lung carcinoma (SCLC) is 
an aggressive malignancy with a high mortality, accounting 
for 15% of all lung cancer cases (1). There has been a distinct 
lack of significant advances in SCLC therapy over the last 
30 years (2). Therefore, new ways to treat or prevent SCLC are 
therefore needed. 

In many types of cancer, Wnt signaling, which plays a 
fundamental role in proliferation and development, is inap-
propriately activated  (3‑5). A series of studies mentioned 
that Wnt signaling may be a potential therapeutic target for 
lung cancer (6‑9). β‑catenin, a key downstream effector of the 
signaling pathway, mediates the canonical Wnt signals. The 
degradation of β‑catenin is regulated by glycogen synthase 
kinase‑3, in a complex with adenomatous polyposis coli 
(APC) and axin. Cytosolic β‑catenin levels are kept low 
by the destruction complex in the absence of Wnt (10‑13). 
Effective pharmacological inhibitors of the Wnt signaling 
pathway have only recently been available. These inhibitors 
are poly‑ADP‑ribose polymerase (PAPR) enzymes, namely 
tankyrase (TNKS) 1 and TNKS2, which regulate canonical 
Wnt activity by promoting the stabilization of axin to increase 
the destruction of β‑catenin (14). It has been reported that 
TNKS1 is upregulated in many types of cancer, including 
breast cancer, colon and bladder cancer as well as high‑grade 
non‑Hodgkin's lymphoma (15‑19).

XAV939, a small molecule inhibitor of the dysregulated 
Wnt signaling pathway, is characterized as a potent inhibitor 
of TNKS (14). A number of recent studies have demonstrated 
that XAV939 is able to inhibit the growth of breast, colon and 
non‑small cell lung cancer cells by blocking the Wnt signaling 
pathway  (20‑22). However, there rarely have been similar 
studies on SCLC.

The purpose of the present study was to investigate if 
XAV939 is able to inhibit the proliferation of SCLC cells and 
the underlying mechanisms. H446 cells were treated with 
XAV939/cisplatin (DDP) alone or combined for 24 or 48 h. 

Inhibitory effects of XAV939 on the proliferation of small‑cell lung 
cancer H446 cells and Wnt/β‑catenin signaling pathway in vitro
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The inhibition of cell proliferation was detected by Cell 
Counting Kit‑8 (CCK‑8). The mRNA and protein expression 
of β‑catenin and cyclin D1 were detected by reverse tran-
scription‑quantitative polymerase chain reaction (RT‑qPCR) 
and western blotting. The results of the present study demon-
strated that the anti‑proliferative effects of TNKS inhibitor 
XAV939 may be associated with the downregulation of the 
Wnt/β‑catenin signaling pathway in H446 cells. The present 
study indicated that TNKS may be a potential molecular target 
for the treatment of SCLC.

Materials and methods

Chemicals. XAV939 was purchased from Sigma‑Aldrich 
(Merck KGaA, Darmstadt, Germany). DDP was purchased 
from Hospira Australia Pty Ltd. (Pfizer, Inc., New York, 
NY, USA).

Cell culture. The human H446 SCLC cells were purchased 
from the Institute of Biochemistry and Cell Biology (Shanghai 
Institutes for Biological Sciences, Chinese Academy of 
Sciences, Shanghai, China). The cells were cultured in RPMI 
1640 medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) and supplemented with 10% fetal bovine serum, 
penicillin G sodium (100 U/ml; all purchased from Gibco; 
Thermo Fisher Scientific, Inc.) and streptomycin sulfate 
(100 mg/ml) at 37˚C under an atmosphere of 5% CO2.

CCK‑8 cell viability analysis. The effect of XAV939 on 
the viability of H446 cells was analyzed by CCK‑8. The 
experiment was divided into three groups: XAV939, DDP 
and combination group. There were 5 concentration gradients 
for each treatment group. H446 cells (1x105) were plated and 
treated in 96‑well plates. The cells were treated with the corre-
sponding drug for 24 or 48 h. Then, 10 µl CCK8 was added 
to each well. The absorbance was measured at 490 nm using 
a microplate reader (Multiskan™ GO microplate spectropho-
tometer; Thermo Fisher Scientific, Inc.). The experiment was 
performed in triplicate. The data was analyzed using the effi-
ciency equation fa/fu=(D/Dm)m (fu, tumor cell survival rate; 
fa, tumor cell inhibition rate; fu=1‑fa; D, drug concentration; 
Dm, effect concentration). Combination Index (CI) values 
were calculated using the D1/Dx1+D2/Dx2+αD1D2/Dx1Dx2 
method. Synergism was considered when CI <1.

RT‑qPCR analysis. The N‑H446 cells were plated in 6‑well 
plates and treated with XAV939 (10, 20 and 40 µM) for 24 h. 
Total RNA extraction was performed according to the TRIZOL 
manufacturer's protocol (Takara Bio, Inc., Otsu, Japan). The 
synthesis of cDNAs was performed by reverse transcription 
reactions using a PrimeScript™ RT reagent transcription kit 
(Takara Bio, Inc.). cDNA samples were subjected to qPCR 
using the SYBR Premix Ex Taq kit (Takara Bio, Inc.). PCR 
was performed with the following primers: β‑catenin forward, 
5'‑CAT​TAC​AAC​TCT​CCA​CAA​CC‑3', reverse 5'‑CAG​ATA​
GCA​CCT​TCA​GCA​C‑3'; cyclin D1 forward, 5'‑CAT​TGA​TTC​
AGC​CTG​TTT​GG‑3' and reverse, 5'‑GAA​TTC​ATC​GGA​ACC​
GAA​CT‑3'. GAPDH expression was used to normalize the Cq 
values. The expression of each gene was analyzed in triplicate. 
The data was analyzed using the 2‑ΔΔCq method (23).

Western blot analysis. Following treatment with XAV939 
(10, 20 and 40 µM) for 24 h, the H446 cells were collected and 
lysed using radioimmunoprecipitation assay buffer (Beyotime 
Institute of Biotechnology, Shanghai, China) and BCA 
Protein Assay Kit for determination of protein concentration 
(Beyotime Institute of Biotechnology). A total of 20 µg protein 
was separated on 8% SDS‑PAGE and transferred to a PVDF 
membrane. The membranes were blocked at room temperature 
for 2h with 5% non‑fat milk. The membranes were then incu-
bated with the following primary antibodies: Anti‑β‑catenin 
(cat no. 6387; Cell Signaling Technology, Inc., Danvers, MA, 
USA), anti‑cyclin D1 (cat no. 2922; Cell Signaling Technology, 
Inc.) and anti‑β‑actin (cat no. AF0003; Beyotime Institute 
of Biotechnology) at a dilution of 1:1,000 at 4˚C overnight. 
Following three washes with TBST, the membranes were 
incubated with horseradish peroxidase‑conjugated secondary 
antibodies (goat anti‑rabbit IgG: dilution, 1:10,000; cat 
no. 7074; anti‑mouse: dilution, 1:10,000; cat no. 7076; Cell 
Signaling Technology, Inc.) for 2 h at 37˚C. The blots were 
visualized using the ECL Plus system (Thermo Fisher 
Scientific, Inc.).

Statistics analysis. The SPSS 17.0 software (SPSS, Inc., 
Chicago, IL, USA) was used to analyze the data. The data were 
presented as the mean ± standard deviation. One‑way analysis 
of variance and paired Student's t‑test, along with the post‑hoc 
tests least significant difference test and Dunnett's test, were 
used for comparison between the groups. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

Effect of XAV939 on the proliferation of H446 cells. H446 
cells were treated with different concentration (2.5‑40 µM) of 
XAV939 for 24 or 48 h. There was a significant difference in 
the cell inhibition rate with the increase of drug concentration 
(P<0.01; Table I). However, there was no significant difference 
in cell inhibition rate between 24 and 48 h (P>0.05; Table I). 
Collectively, these results indicate that the inhibitory effect of 
XAV939 on the proliferation of H446 cells is dose‑dependent 
but not time‑dependent (Fig. 1 and Table I). The IC50 value for 

XAV939 is 21.56 µM.

Effect of DDP on the proliferation of H446 cells. The 
cells were incubated with 0.5‑8 mg/l DDP for 24 or 48 h. 
The cell inhibition rate increased markedly in a dose‑ and 
time‑dependent manner (Fig. 2 and Table II). The IC50 value 
for DDP is 7.91 µM.

Effect of XAV939 and DDP combination treatment on the 
proliferation of H446 cells. The treatment of H446 cells with 
a combination of XAV939 and DDP (2.5‑40 µM XAV939 
and 0.5‑8 mg/l DDP; 1:1 ratio) for 24 or 48 h resulted in an 
increase in cell inhibition rate in a dose‑ and time‑dependent 
manner (P<0.01; Table  III). The IC50 value for XAV939 
and DDP combination treatment is 7.98 µM. However, the 
effect of combination treatment with XAV939 and DDP 
was antagonistic at low doses in H446 cells (CI>1), whilst 
at higher concentrations the effect was synergistic (CI<1) 
(Fig. 3 and Table IV). 
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Effect of XAV939 on the mRNA expression levels of β‑catenin 
and cyclin D1 in H446 cell. The effect of XAV939 on the expres-
sion of endogenous Wnt‑regulated target genes, β‑catenin 
and cyclin D1 was determined by RT‑PCR. H446 cells were 
treated with various concentrations (10, 20 and 40 µM) of 
the tankyrase inhibitor, XAV939, for 24 h. Compared with 
the control group, treatment with XAV939 was able to inhibit 
Wnt‑associated expression of target genes in H446 cells. The 
effects on gene expression were dose‑dependent (Fig. 4) and 
the differences were statistically significant. 

Effect of XAV939 on the expression of β‑catenin and cyclin 
D1 proteins in H446 cells. In order to investigate the mecha-
nism of XAV939 in H446 cells, the expression levels of key 
proteins involved in Wnt signaling pathway were analyzed 
by western blotting. β‑catenin was observed to be reduced in 
H446 cells that were treated with 10, 20 and 40 µM XAV939 
compared with the control (Fig.  5). Additionally, cyclin 
D1 was downregulated in H446 cells following treatment 
with XAV939, which is an inhibitor of the Wnt signaling 
pathway. The effects of XAV939 on the levels of expression 

of β‑catenin and cyclin D1 proteins were dose‑dependent 
(Fig. 5). Altogether these results demonstrated that XAV939 
may affect associated target genes in order to block Wnt 
transcriptional responses in SCLC cells.

Discussion

As an increasing number of targeted drugs are to be used for 
the treatment of non‑small cell lung carcinoma (NSCLC), the 
overall survival and disease‑free survival (DFS) of patients 
are markedly prolonged. On the contrary, the treatments for 
patients with SCLC are progressing slowly  (2). Therefore, 
there is an urgent requirement for the identification of effective 
targets in order to improve patient survival. 

In 1973, Sharma et al (24) identified the Wingless gene 
(Wg) that leads to a wingless phenotype in drosophila embryo 
research. Nusse et al (25) identified the Int‑1 gene in mouse 
breast cancer in in 1982. In 1987, the study confirmed that Wg 
is the homologous gene of Int‑1 (26), therefore Wg and Int‑1 
are named as Wnt genes. Aberrant WNT signaling pathway 
is associated with a wide array of tumor types, including 

Table I. Inhibition of H446 cells by XAV939.

Groups (µM)	 24 h	 48 h	 t	 P‑value (Comparison between treatment durations)

2.5	 19.97±3.63	 22.90±1.56	‑ 0.985	 0.428
5.0	 27.72±3.19	 29.92±3.65	‑ 2.133	 0.167
10.0	 36.82±2.80	 38.85±4.55	‑ 0.519	 0.655
20.0	 49.43±3.81	 53.95±2.77	‑ 2.451	 0.134
40.0	 59.96±2.90	 60.12±1.95	‑ 0.066	 0.954
F	 72.175	 77.284	‑	‑ 
P‑value	 <0.0001	 <0.0001	‑	‑ 

Figure 2. Effect of DDP on the viability of H446 cells when incubated 
with different concentrations for different time points (24 and 48 h). Cell 
viability was detected by Cell‑Counting‑Kit 8 assay. Significant differences 
were observed as the concentration of DDP increased (*P<0.01 vs. 0.5 mg/l, 
**P<0.01 vs. 1 mg/l, ***P<0.01 vs. 2 mg/l, ****P<0.01 vs. 4 mg/l and ****P<0.01 
vs. 8 mg/l) and the duration of incubation increased (#P<0.05 vs. 24 h). Data 
are presented as the mean ± standard deviation from three independent 
experiments. DDP, cisplatin. 

Figure 1. Effect of XAV939 on the viability of H446 cells that were incubated 
with different concentrations for different time points (24 and 48 h). Cell 
viability was detected by Cell‑Counting‑Kit 8 assay. Significant difference 
was observed when the drug concentration was increased (*P<0.01 vs. 2.5 µM, 
**P<0.01 vs. 5.0 µM. ***P<0.01 vs. 10 µM. ****P<0.01 vs. 20 µM and *****P<0.01 
vs. 40 µM). However, no significant difference was found as the duration of 
incubation increased (P>0.05). Data are presented as the mean ± standard 
deviations from three independent experiments.
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colorectal cancer, acute myeloid leukemia, breast cancer, 
ovarian cancer and NSCLC  (3,5,27,28). Therefore, Wnt 
signaling pathway may provide a potential therapeutic target 
for SCLC.

A family of secreted lipid‑modified Wnt protein ligands 
activate the pathway in order to promote the nuclear accumu-
lation of β‑catenin by binding to a family of 7‑transmembrane 
Frizzled (in the canonical Wnt signaling pathway (29). β‑catenin 
forms complexes with the transcription factors T‑cell factors 
(TCFs) and lymphoid enhancer‑binding factor in the nucleus, 

and this reduces the expression of TCF responsive target 
genes, including critical growth‑regulators, such as cyclin D1, 
and c‑Myc (30,31). The β‑catenin destruction complex, which 
consists of APC, axin, casein kinase 1 and glycogen synthase 
kinase‑3β, downregulates the level of β‑catenin (12). XAV939 
is a small molecule inhibitor of the WNT signaling pathway, 
which is able to block WNT signaling through upregulating 
the destruction of β‑catenin and stabilizing the axin protein.

In order to demonstrate that XAV939 is able to inhibit 
the growth of SCLC cells, CCK‑8 assay was employed. A 
significant difference was observed in the rate of proliferation 
following treatment with XAV939. The effect of XAV939 was 
dose‑dependent but not time‑dependent. 

DDP, a common chemical anti‑tumor drug is still used 
in the clinic for the treatment of SCLC. Due to serious side 

Figure 3. Graph depicting the CI plotted against the FA. (2.5‑40 µM XAV939 
and 0.5‑8 mg/l DDP; 1:1 ratio). CI, combination index; FA, fraction affected; 
DDP, cisplatin.

Table IV. Inhibition of H446 cells with single or combination 
treatments of XAV939 and DDP.

	 Combination	 Correlation	 IC50

Groups	 index	 index	 (µM)

XAV939	 0.652	 0.997	 21.56465
DDP	 0.940	 0.965	 7.910076
XAV939 + DDP	 1.162	 0.996	 7.980187

DDP, cisplatin.

Table II. Inhibition of H446 cells by cisplatin.

Groups (mg/l)	 24 h	 48 h	 t	 P‑value (Comparison between treatment durations)

0.5	 17.53±1.74	 22.61±2.14	‑ 4.69	 0.043
1.0	 29.84±2.15	 36.54±1.03	‑ 10.267	 0.009
2.0	 50.15±1.48	 56.34±0.80	‑ 4.795	 0.041
4.0	 64.91±0.81	 71.29±0.70	‑ 7.669	 0.017
8.0	 72.59±0.97	 77.47±0.76	‑ 4.922	 0.039
F	 703.827	 1091.974	‑	‑ 
P‑value	 <0.0001	 <0.0001	‑	‑ 

Table III. Inhibition of H446 cells by a combination of XAV939 and DDP.

				    P‑value
Groups	 24 h	 48 h	 t	 (Comparison between treatment durations)

0.5 mg/l DDP + 2.5 µM XAV939	 15.90±1.22	 21.09±0.82	‑ 12.189	 0.007
1 mg/l DDP + 5 µM XAV939	 31.48±0.71	 37.33±1.15	‑ 10.818	 0.008
2 mg/l DDP + 10 µM XAV939	 55.68±1.17	 60.34±1.69	‑ 2.869	 0.103
4 mg/l DDP + 20 µM XAV939	 72.79±1.92	 78.40±1.85	‑ 20.774	 0.002
8 mg/l DDP + 40 µM XAV939	 81.49±0.93	 85.85±0.81	‑ 4.482	 0.046
F	 1437.682	 1248.72	‑	‑ 
P‑value	 <0.0001	 <0.0001	‑	‑ 

DDP, cisplatin.
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effects, DDP is limited in clinical use. Therefore, there is a 
requirement to identify a drug that is able to achieve the thera-
peutic effect of the original dose of DDP that can be used in 
combination with a lower dosage of DDP. 

Consistent with the findings of the XAV939 treatment 
group, a significant difference in the inhibitory rate of H446 
cells following treatment with DDP was observed. However, 
the effect of DDP was dose‑dependent and time‑dependent. 
Following treatment with a combination of XAV939 and DDP, 
it was observed that the effects were antagonistic at low doses 
and synergistic at high doses. The drugs played their own role, 
and no marked synergistic effect was observed when the dose 
of XAV939 was low. It is possible to attain the optimum cura-
tive effect and the least adverse reactions when an appropriate 
dosage ratio is identified.

In order to further elucidate the mechanism of XAV939 
in SCLC, Wnt‑associated target genes were analyzed by 
RT‑qPCR, and the expression of the associated proteins were 
examined by western blotting. In the present study, the levels 
of β‑catenin and cyclin D1 were downregulated following the 
treatment of XAV939 for 24 h. All of these results suggested 
that XAV939 is able to downregulate β‑catenin, the primary 
Wnt signaling effector and reduce the critical growth regulator 
cyclin D1.

In summary, the present study confirmed that the inhi-
bition of XAV939 is marked in SCLC cells. Additionally, 
the mechanism of XAV939 may be associated with the 
suppression of Wnt/β‑catenin signaling pathway. Further 
studies of the small molecule inhibitor, XAV939, in vivo 
are needed. 
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