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Background: Tankyrase1 (TNKS1), which often shows abnormal expression in many

malignant tumor cells, plays an important role in tumor progression. In our previous study,

we found that TNKS1 is also closely related to pathologic grade in human astrocytoma and

its expression level is positively correlated with the Wnt/β-catenin pathway. This study is

aimed to further elucidate the biological functions of TNKS1 as well as its relationship with

the Wnt/β-catenin pathway.

Methods: TNSK1 overexpression and knockdown vectors were constructed and transfected

into glioblastoma cell lines U251 MG and U87, respectively. Viability, apoptosis, cell cycle

and cell invasiveness in the treated cells were investigated.

Results: In comparison with untreated cells, U251 and U87 cells overexpressing TNSK1

showed significantly increased cell viability and decreased apoptosis, while the TNKS1

knockdown U251 and U87 cells had reduced cell invasive ability and increased apoptosis,

respectively. In addition, immunoprecipitation study showed that TNKS1 could be detected

by β-catenin antibody after pull-down, indicating that TNKS1 directly interacts with β-

catenin, further indicating that TNKS1 could be regarded as a positive regulator of the

Wnt/β-catenin pathway in astrocytoma. Moreover, knockdown of TNKS1 in U251 and U87

cells also leads to suppressed Wnt/β-catenin signaling, and subsequent decrease of cell

growth and proliferation, reduced invasion ability and increased apoptosis.

Conclusion: Our findings suggest that TNKS1 might be a potential new therapeutic target

for human astrocytoma in gene therapy.
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Background
Astrocytoma is a type of tumor composed of astrocytes. It is a very common

neurotic tumor.1 The characteristics of malignant astrocytoma include quick pro-

liferation, induction of neurodegeneration and diffuse invasion. Although a number

of comprehensive treatment measures are available such as surgical resection,

postoperative radiotherapy, chemotherapy and immunotherapy, the prognosis is

still poor. Therefore, it remains a hard nut to effectively improve the diagnosis

and treatment of astrocytoma.2 Studies have shown that the occurrence and devel-

opment of astrocytoma are closely related to the overexpression of oncogenes,

inactivation of tumor suppressor genes, and abnormal activation or mutation of

the signal pathways.3 Wnt/β-catenin pathway plays an important role in a variety of

physiological behaviors, such as embryonic development and tissue balance, and its

abnormal activation or mutation that is associated with developmental defects,

tumors and many other diseases.4 Studies have shown that abnormal activation or
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mutation of Wnt/β-catenin pathway is closely related to

the occurrence and development of astrocytoma.5–9

Tankyrase (TNKS) is a member of the growing family of

poly-adenosine diphosphate (ADP)-ribose (PAR) poly-

merases (PARP), which is responsible for PARsylation of

target proteins using nicotinamide adenine dinucleotide

(NAD)+ as a substrate.10 TNKS has been found to be

involved in the Wnt/β-catenin pathway. It stabilizes β-
catenin through binding to and destabilizing Axin via Axin

PARsylation and ubiquitination.11 There are two TNKS

genes, TNKS1 and TNKS2, both have indistinguishable

properties in theWnt/β-catenin pathway. As a major member

of the TNKS family, TNKS1 is abnormally and highly

expressed in malignant tumor cells and has a role in tumor

progression.12–18 In our previous study, we have found that

the expression of TNKS1 is correlated with pathologic grade

andWnt/β-catenin pathway in human astrocytoma,19 provid-

ing additional evidence for the involvement of the TNKS1

gene and the Wnt/β-catenin pathway in the genesis and

progression of astrocytoma. However, the biological func-

tions of TNKS1 in astrocytoma and its relationship with the

Wnt/β-catenin pathway are still unclear.

In this study, we up- and down-regulated the expres-

sion of the TNKS1 gene in U251 and U87 glioblastoma

cell lines to investigate its effects on the proliferation, cell

cycle, invasion, and to reveal mechanisms and regulatory

role of the TNKS1 gene in Wnt/β-catenin pathway. The

findings would provide insight into the pathogenesis, diag-

nosis and better therapeutic targets of astrocytoma.

Materials and Methods
Cell Lines
U251 and U87 cell lines (cat. nos. BNC337874 and

BNCC337874) were purchased in the Cell Bank, Shanghai

Academy of Sciences, Shanghai, China and maintained in

RPMI-1640 medium at 37°C in 5% CO2 incubator.

Reagents and Instruments
TNKS1-siRNAs and negative control (Table 1) were synthe-

sized at Generalbio, Beijing, China; Lipofectamine 3000 (cat.

no. 18882752) was purchased from Invitrogen, USA; OPTI-

MEM I (cat. no. 331985-062) was purchased from GIBCO,

USA; F12 complete medium (cat. no. KGM21700S-500) and

RPMI-1640 medium (cat. no. KGM31800S-500) were pur-

chased from Keygen, Beijing, China; FBS (cat. no. 04-001-

1ACS) was purchased from BI, USA; mini plasmid extraction

kit (cat. no. DP103-02) was a product of Trangen, Beijing,

China; Trizon Reagent (cat. no. CW0580S), Ultrapure RNA

extraction kit (cat. no. CW0581M), HiFiScript first-strand

cDNA synthesis kit (cat. no. CW2569M) and UltraSYBR

Mixture (cat. no. CW0957M) were purchased from CWBIO,

Beijing, China; Cell Cycle Staining kit (cat. no. CCS012) was

purchased from MULTI SCIENCES, Beijing, China; rabbit

antibodies against β-catenin (cat. no. ab32572, 1:1000), axin 2

(cat. no. ab109307, 1:800), tankyrase (cat. no. ab86279,

1:1000), cyclin D1 (cat. no. ab13417, 1:1000), MMP7 (cat.

no. ab207299, 1:1000), phospho Y142 (cat. no.

ab27798,1:500) and c-Myc (cat. no. ab32072, 1:10,000)

were purchased from Abcam, US. Fluorescent cell imager

(ZOE) was obtained from Bio-rad, USA. Nucleic acid quanti-

zer (Nanodrop 2000) and flow cytometry (MoFlo Astrios EQ)

were obtained fromBeckman-Culter, USA. Fluorescent quan-

titative PCR Instrument (CFX Connect™) and ultrasensitive

chemiluminescence imaging system (Chemi DocTM XRS+)

were purchased from Bio-Rad, USA.

Cell Culture
Cells were cultured in RPMI-1640 medium to

a confluency of 70–80%, harvested, washed with 3–5 mL

PBS and digested with trypsin containing EDTA for 3

mins at room temperature. Digested cells were suspended

in 5A complete medium containing 10% FBS and pelleted.

The pelleted cells were re-suspended in the 5A medium

and seeded on plates and cultured at 37°C in a 5% CO2

incubator. The medium was refreshed every 2 days, and

the cells were subcultured when reaching a confluency of

70–80%, as described above.

Construction of TNKS1 RNAi Vectors
Three potential siRNA sequences (Table 1) targeting TNKS1

were designed using online tools (http://rnaidesigner.thermo

Table 1 TNKS1 siRNA Sequences

siRNA Sequence (5ʹ–3ʹ)

Negative control Sense: UUCUCCGAACGUGUCACGUTT

Anti-sense: ACGUGACACGUUCGGAGAATT

TNKS1-siRNA-1 Sense: GGAUGUUGUAGAACACUUAdTdT

Anti-sense: UAAGUGUUCUACAACAUCCdTdT

TNKS1-siRNA-2 Sense: GCAGACUUAGCUAAAGUUAdTdT

Anti-sense: UAACUUUAGCUAAGUCUGCdTdT

TNKS1-siRNA-3 Sense: GCAAAGUACUAUUCGAGAAdTdT

Anti-sense: UUCUCGAAUAGUACUUUGCdTdT
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fisher.com/rnaiexpress/) based on the TNKS1 gene sequence

from the NCBI databases and synthesized.

Construction of Overexpression Vectors
TNKS1 and β-catenin sequences were obtained from the

NCBI database and chemically synthesized after adding

BamHI and XbaI sites to facilitate cloning. The gene frag-

ments were ligated to pcDNA3.1 to construct overexpres-

sion vectors.

Transfection
Transfection of cells was performed using a Lipofectamine

3000 Transfection Reagent according to the manufac-

turer’s instructions. Briefly, U251 and U87 cells were

seeded at a concentration of 1× 105/mL in six-well culture

plates. After 24 hrs (70% confluence), the cells were

transfected with 2.5 µg plasmid DNA of three TNKS1-

siRNA (TNKS1-siRNA), TNKS1-NC siRNA (TNKS1-

siRNA NC), TNKS1 overexpression vector (TNKS1) and

TNKS1 empty vector (TNKS1 NC). Non-transfected cells

were used as control. The transfected cells were cultured

in RPMI-1640 medium with 20% FBA for 48 hrs and

harvested for subsequent analysis.

Fluorescent Quantitative PCR
Total RNA isolated from cells using Trizon Reagent and

Ultrapure RNA extraction kits and reversely transcripted

into cDNA using HiFiScript first-strand cDNA synthesis kit

according to manufacturer’s recommendations. PCR was

carried out in a total volume of 10 μL containing 1.5 μL of

cDNA, 10 μL of UltraSYBR Mixture and 1 μL of primers

(TNKS1-F, GTAAAGAGGCTGGTGGACG, TNK

S1-R GGCATTATGAAGCGGGAT, GAPDH-F, GAAGGT

CGGAGTCAACGGAT, GAPDH-R, CCTGGAAGATGGT

GATGGG) on fluorescent quantitative PCR Instrument

(CFX Connect™). The cycling conditions were 50°C for 2

mins, 95°C for 10 mins followed by 40 cycles, each one

consisting of 30 s at 95°C and 1 min at 57°C, with final

extension at 72°C for 30 s. Samples were run in triplicate and

the mean value was calculated for each case. Human glycer-

aldehyde-3-phosphate dehydrogenase, GADPH (Hs039290

97_g1), was used as an internal control. The data were

managed using the Applied Biosystems software RQ

Manager v1.2.1. Relative expression was calculated by

using comparative Ct method and obtaining the fold change

value (2−ΔΔCt) according to previously described protocol.20

Western Blot Analysis
Cells were harvested, washed twice with cold PBS and

lysed with RIPA buffer that containing protease and phos-

phatase inhibitors cocktail (Roche, UK). The supernatants

were collected and assayed for protein content using the

BCA method. Fifty microgram of protein was applied to

polyacrylamide gel electrophoresis (SDS-PAGE), trans-

ferred to a PVDF membrane, and then detected by the

proper primary and secondary antibodies before visualiza-

tion with a chemiluminescence kit. The gels were imaged

with ultrasensitive chemiluminescence imaging system.

The intensity of blot signals was quantitated using

ImageQuant TL analysis software (General Electric, UK).

Cell Viability Assay
The cell viability was measured by MTT assay. In brief,

cells were plated in 96-well culture plates at the density of

1–1.5 × 104 per well in complete medium. After 24 hrs

incubation, cells were treated with 20 µL/well MTT solu-

tion (5 mg/mL) and incubated for 4 hrs. The optical

density at 490 nm was measured using a plate reader.

Cell Cycle Analysis
Cells were harvested, washed twice with PBS and digested

with 0.25% EDTA-trypsin at 37°C for 4 hrs. Floating and

adherent cells were collected, suspended in PBS and

stained with Cell Cycle Staining following the manufac-

turer’s instruction. MoFlo Astrios EQ flow cytometer was

used to assess the cell cycles.

Detection of Apoptosis by Flow

Cytometry
Cells were harvested, washed twice with PBS and digested

with 0.25% EDTA-trypsin, washed with PBS and fixed

with ice-cold 70% ethanol at 4°C for 2 hrs. DNA was

labeled with Annexin V-FITC and PI and the fluorescence

was measured with a MoFlo Astrios EQ flow cytometer.

Data collection and analysis of the cell cycle distribution

were performed using CellQuest and the Modfit software

(Becton Dickinson).

Caspase 3/7 Activity Apoptosis Assay
Cells were harvested, washed twice with PBS and assayed

for Caspase 3/7 activity using Caspase 3/7 activity apoptosis

assay kit (cat. no. E607103-0200, Sangon Biotech, Shanghai,

China) according to the supplier's instructions. Fluorescence

was measured at ex/em wavelength of 490/525 nm.
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Cell Invasion Assays
For the assessment of invasion, 5×105 transfected and viable

cells in serum-free medium were placed into the upper

chamber of an insert coated with Matrigel (BD Bioscience,

USA). Media containing 10% FBS were added to the lower

chamber. After 24 hrs of incubation, the cells remaining on

the upper membrane were removed with cotton wool,

whereas the cells that had migrated or invaded through the

membrane were stained with 0.2% crystal violet in 25%

methanol/PBS at room temperature for 20 mins, imaged

and counted using an inverted microscope.

Co-Immunoprecipitation
Non-transfected cells or cells transfected with TNKS1 over-

expression vector and empty vector were transfected with

pCDNA3.1-β-catenin. The co-transfected cells were lysed

within ODG buffer and the protein was quantified with the

BCA method. Equal amount of protein was pre-treated with

protein A/G-plus agarose beads and then incubated with β-
catenin antibody. Fifty microgram of incubated protein was

applied to SDS-PAGE, transferred to a PVDF membrane,

and then detected by the proper primary and secondary anti-

bodies before visualization with a chemiluminescence kit.

Statistical Analysis
All data were expressed as mean ± standard error of the

mean (SEM) obtained from at least three independent

experiments. Statistical comparisons between experimen-

tal and control groups were assessed using the Student’s

t-test. P < 0.05 was considered statistically significant.

Results
TNKS1 Over Expression and Silencing
Transfected cells were examined for the expression of the

TNKS1 gene at mRNA and protein levels. RT PCR and

Western blot analyses showed that compared with the con-

trol, the expression of TNKS1 was significantly higher or

lower after the cells were transfected with the overexpres-

sion or with three TNKS1-siRNAs vector (P < 0.05), parti-

cularly with TNKS1-siRNA1 (Figure 1A and B). Therefore,

TNKS1-siRNA1 was selected for subsequent experiments.

Cell Viability
MTT assays showed that the viability of U251 and U87

cells was significantly higher and lower after transfection

with TNKS1 overexpression vector and TNKS1-siRNA

(P < 0.05, Figure 2A and B), respectively.

Apoptosis
Flow cytometry studies showed that U251 and U87 cells had

significantly lower and higher apoptosis after transfection

with TNKS1 overexpression vector and TNKS1-siRNA

(P < 0.05, Figure 3A–D), respectively. Caspase 3/7 activity

assay showed that the activity was significantly lower and

higher after transfection with TNKS1 overexpression vector

and TNKS1-siRNA (P < 0.05, Figure 4A and B)

Cell Cycle
Flow cytometry studies also showed that there were less

U251 cells in G1 stage and more in S stage following

transfection with TNKS1 overexpression vector. On the

Figure 1 Expression of TNKS1 in U251 cells following transfection with over-

expression and siRNA vectors: (A) relative mRNA level, and (B) representative
Western blots (upper panel) and relative protein level (lower panel). * denotes P <

0.05 vs control.
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other hand, TNKS1-siRNA transfection resulted in more

U251 and U87 cells in G1 stage and less in S stage (P <

0.05, Figure 5A–D).

Cell Invasion Ability
Tranwell assays showed thatU251 andU87 cells had increased

invasion ability following transfection with TNKS1 overex-

pression vector and the ability was reduced after transfection

with TNKS1-siRNA (P < 0.05, Figure 6A–D).

Gene Expression
We then examined the protein expression of TNKS1,

cyclinD1, MMP-7, β-catenin, p-β-catenin and c-Myc in

U251 and U87 cells using Western blot analysis. The results

showed that compared with the control, cells transfected with

TNKS1 overexpression vector increased the levels of

TNKS1, cyclinD1, MMP-7, β-catenin, p-β-catenin and

c-Myc, while these proteins were all down-regulated follow-

ing TNKS1-siRNA1 treatment (P < 0.05, Figure 7A–D).

Interaction Between TNKS1and β-Catenin
Co-immunoprecipitation assays showed that β-catenin

antibody was able to detect TNKS1 in U251 cell lysates

before transfection or transfected with empty vector or

TNKS1 overexpression vector (Figure 8).

Figure 2 Viability of U251 and U87 cells following transfection with overexpression and siRNA vectors: (A) U251 cells and (B) U87 cells. * denotes P < 0.05 vs control.

Figure 3 Viability of U251 and U87 cells in different cell cycles following transfection with overexpression and siRNA vectors: (A and C) flow cytometry results, and (B and

D) percentage of apoptotic cells. * denotes P < 0.05 vs control.
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Discussion
Glioma is a type of tumor that starts in the glial cells of the

brain or the spine.21 Gliomas comprise about 30% of all

brain tumors and central nervous system tumors, and 80%

of all malignant brain tumors.22 Astrocytoma is the most

common type of glioma. The tumor does not have obvious

envelope and invasively grows in the white matter. It is

believed that the malignant progression of astrocytoma is

likely to involve multiple gene mutations, abnormal activa-

tion of cell signaling pathways, inhibition of apoptosis path-

way, and cell immortalization. Therefore, gene therapy has

become an important therapeutic option for astrocytoma.23

TNKS1 is a member of the PARP family, consisting of

four structurally unique domains: the HPS domain, the anchor

protein repeat domain, the SAM domain and the PARP

domain from the N-terminal to the C-terminal. In the PARP

domain, polyADP ribose in NAD+ can be added to the recep-

tor protein to ribosylate poly adenosine diphosphate, which is

a transient post-translational modification. Ribosylated poly

adenosine diphosphate participates in various physiological

activities, such as DNA replication, repair, gene expression,

chromosome separation, cell malignant transformation, cell

differentiation and apoptosis. Therefore, the active domain is

the most important domain in TNKS1. TNKS1 relies on the

Figure 4 Caspase 3/7 activity of U251 and U87 cells following transfection with overexpression and siRNA vectors as measured by fluorescence intensity: (A) U251 cells

and (B) U87 cells. * denotes P < 0.05 vs control.

Figure 5 Distribution of U251 cells in different cell cycles following transfectionwith overexpression and siRNAvectors: (A andC) flow cytometry results), and (B andD) percentage

of cells. * denotes P < 0.05 vs control.
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domain to play a variety of important biological functions,

such as the positive regulation of telomere length by binding

with TRF1 to ribosylate polyadenosine diphosphate.24

TNKS1 is widely expressed in human tissues and is highly

conserved in mammalian.25 Recent studies have shown

that TNKS1 is abnormally and highly expressed in malignant

tumor cells such as malignant hematopoietic cell tumors.12–18

Inhibiting the PARP activity of TNKS1 and blocking the

expression of TNKS1 gene are shown to have anti-tumor

activity,26,27 which suggest that TNKS1 is involved in the

occurrence and development of tumor and TNKS1 can be

used as a molecular target for gene therapy of cancer. In

addition, TNKS1 is shown to regulate Wnt/β-catenin path-

ways through its PARP activity. TNKS1 and TNSK2 bind to

the tankyrase-binding domain (TBD) of Axin to glycosylate

polyadenosine diphosphate ribose, resulting in degradation of

Axin by the ubiquitin-proteasome system. Once Axin is

degraded, the β-catenin destruction complex is degraded and

cytoplasmic unphosphated β-catenin is accumulated and

translocated to nuclei to form a complex with transcriptional

factor TCF/LEF that triggers the expression of downstream

target genes and activate the Wnt/-catenin pathway.11

Our results show that overexpression of TNKS1

increased the level of the TNKS1 protein, while siRNA

decreased the level of the protein in U251 and U87 cells,

indicating that the expression of the gene was successfully

manipulated in U251 and U87 cells. Matsutani et al found

that the expression of TNKS1 mRNA was up-regulated in

gastric cancer tissue,28 which was confirmed by Gao et al29 at

both mRNA and protein levels. And they further demon-

strated that the level expression of TNKS1 is related to tissue

differentiation and tumor staging. In this study, cells trans-

fected with TNKS1 overexpression vector were found to

significantly increase cell viability, while TNKS1-siRNA

significantly decreased the viability. These results suggest

that TNKS1-siRNA may be used to slow down the growth

Figure 6 Viability of U251 and U87 cell invasion ability following transfection with overexpression and siRNA vectors: (A and C) microphotos of Transwell assays, and

(B and D) number of invaded cells. * denotes P < 0.05 vs control.

Figure 7 The protein expression of TNKS1, cyclinD1, MMP-7, β-catenin, p-β-catenin and c-Myc in U251 and U87 cells following transfection with overexpression and

siRNA vectors: (A and C) representative Western blots, and (B and D) relative protein level. * denotes P < 0.05 vs control.
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of U251 and U87 cells and reduce their proliferation ability.

Since we also found that Caspases 3/7 activity is increased by

TNKS1-siRNA and decreased by TNKS1 overexpression,

the increased Caspases 3/7 activity is likely the reason that

leads to increased apoptosis of U251 and U87 cells after

TNKS1 knockdown.

A major characteristic of malignant astrocytoma is that

it grows invasively in the white matter, and is therefore

difficult to resect completely, resulting in frequent relapse

easily and poor prognosis.30,31 Therefore, inhibiting the

invasion ability of the tumor cells is of great significance

in improving the therapeutic effect of astrocytoma. Our

study shows that the number of invaded cells decreased

significantly after silencing the TNKS1 gene, suggesting

that siRNA-mediated silencing of the TNKS1 gene may

effectively inhibit the invasiveness of U25l cells. Since the

invasion assays might be influenced by the cell number,

we used the same number of viable cells in the assays to

minimize the impact. Therefore, the changes in the

invaded cells in the invasion assay are a reliable reflection

of invasion ability. Furthermore, TNKS1-siRNA treatment

generated more cells arrested at G1 stage and less in S1

stage. Reduced cells at S1 stage imply less DNA synthesis

in the cells and slower cell proliferation. On the other

hand, TNKS1 overexpression vector gave rise to the oppo-

site results. To further validate the results, we determined

the apoptosis of U251 and U87 cells following up- and

down-regulation of TNKS1 and found that apoptosis was

reduced or increased when TNKS1 was up-regulated or

silenced with siRNA, respectively, suggesting that silen-

cing of TNKS1 gene may induce apoptosis of U251 and

U87 cells.

Studies have shown that TNKS1 participates in theWnt/

β-catenin signaling pathway and plays an important regula-

tory role in the occurrence and development of tumors.32

Wnt/β-catenin signaling pathway plays an important role in

a variety of physiological behaviors,33,34 and abnormal

activation or mutation of the Wnt/β-catenin signaling path-

way is closely related to the occurrence and development of

astrocytoma.5,9 Our co-immunoprecipitation assays con-

firmed the interaction between TNKS1 and β-catenin.

Furthermore, we showed that the overexpression of

TNKS1 resulted in increased β-catenin and p-β-catenin

levels, while these levels were reduced once TNKS1 was

silenced, suggesting that TNKS1 may be a positive regula-

tor in Wnt/β-catenin signaling pathway. High-level TNKS1

might prevent the degradation of β-catenin by its degrada-

tion complex, leading to the abnormal accumulation of β-

catenin in the cytoplasm and translocation into the nucleus,

where it activates the downstream target genes to initiate

Wnt/β-catenin signaling pathway, leading to the occurrence

of the tumor. Once Wnt/β-catenin signaling pathway is

activated, the expressions of the downstream target genes

cyclinD1,MMP-7 and c-Myc are induced, leading to abnor-

mal proliferation, apoptosis and differentiation of the cells,

and the formation of tumors.35,36 Up-regulation of cyclinD1

and c-Myc expression accelerates cell proliferation through

the interaction with cyclin-dependent kinases (CDKs) in G1

stage and up-regulation of MMP-7 promotes cell invasion

by degrading extracellular matrix.37 We found that

silencing TNKS1 inhibited the Wnt/β-catenin signaling

pathway, thereby inhibiting the expression of cyclinD1,

MMP-7 and c-Myc genes. Huang et al found that small

molecule inhibitor XAV939 effectively inhibits the clonal

proliferation of Wnt/β-catenin pathway dependent-colon

cancer cell line DLD-1.11 Kaner et al showed that TNKS1

plays an important role in the development of rat kidneys as

a regulatory factor of the Wnt/β-catenin pathway.38 Bao

et al demonstrated that after silencing of TNKS1 with

siRNA, Wnt/β-catenin pathway is inactivated in breast can-

cer cell line.39 These results are consistent with our findings,

confirming that TNKS1 is a positive regulator of the Wnt/β-

catenin signaling pathway.

Figure 8 Co-immunoprecipitation assays with β-catenin antibody for TNKS1 using

U251 cell lysates before transfection (Control) or transfected with empty vector

(TNKS1 NC) or TNKS1 overexpression vector (TNKS1).
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Conclusion
We have demonstrated that TNKS1 is a positive regulator

of the Wnt/β-catenin signaling pathway, silencing of

TNKS1 inhibits the growth, reduces the invasion ability

of U251 and U87 cells with increased apoptosis via

suppression of Wnt/β-catenin signaling pathway.

Therefore, TNKS1 may be a new target of gene therapy

for astrocytoma.
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