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Purpose: This study aimed to investigate the effect of growth arrest specific 2 (GAS2) on

T-cell acute lymphoblastic leukemia (T-ALL) and its potential molecular mechanism.

Methods: The GAS2 expression level was detected by qRT-RCR and Western blot in

normal T lymphocytes and T-ALL cells Jurkat and CCRF-CEM. The proliferation and

invasion of Jurkat and CCRF-CEM cells were detected by MTT and Transwell assay,

respectively. Apoptosis and cell cycle were measured by flow cytometry. In addition, the

chemotherapeutic sensitivity of Jurkat and CCRF-CEM cells was measured MTT assay and

flow cytometry.

Results: GAS2 was highly expressed in Jurkat and CCRF-CEM cells. GAS2 could promote

cell proliferation and invasion, and inhibit apoptosis of Jurkat and CCRF-CEM cells. GAS2

also promoted cell cycle changes from G0/G1 phase to S phase in Jurkat and CCRF-CEM

cells. In addition, GAS2 could reduce the chemotherapeutic sensitivity of Jurkat and CCRF-

CEM cells. GAS2 overexpression could promote the expression levels of ki67, proliferating

cell nuclear antigen (PCNA), Bcl-2, c-myc, cyclin D1 and β-catenin, while GAS2 knock-

down could inhibit their expression levels. Meanwhile, GAS2 overexpression could inhibit

Bax expression. Moreover, Wnt/β-catenin pathway inhibitor XAV939 could inhibit the

expressions of c-myc, cyclin D1 and β-catenin, but activator LiCl could promote their

expression.

Conclusion: Our study demonstrated that GAS2 could promote cell proliferation and

invasion, and induce cell cycle, as well as inhibit apoptosis and could activate the Wnt/β-

catenin pathway in T-ALL cells.

Keywords: T-ALL, GAS2, proliferation, apoptosis, invasion, cell cycle, Wnt/β-catenin

pathway

Introduction
T-cell acute lymphoblastic leukemia (T-ALL), is an uncommon hematological

malignancy, accounting for 15% and 25% of pediatric and adult ALL.1–3

Although substantial improvements have been made on the treatment of T-ALL

in recent years, the clinical outcome remains poor.4 Therefore, it is urgent to find

new molecular diagnosis methods and targets for the treatment of T-ALL.

Growth arrest specific 2 (GAS2) is a cytoplasmic protein and first identified by

Schneider et al.5 More and more studies have suggested that GAS2 can modulate
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multiple cell biological behaviors including cell cycle,

proliferation, apoptosis and differentiation.6–9 Previous

researches indicate that GAS2 is essential in hepatocellular

carcinoma10 and colorectal cancer.11 Zhou et al12 have

reported that GAS2 is upregulated in chronic myeloid

leukemia cells. Sun et al13 have indicated that GAS2 has

higher expression in the leukemic cells than that in control

cells and promotes the growth of leukemic cells. However,

the effects of GAS2 in T-ALL and its potential molecular

mechanism have not been fully elucidated.

Wnt/β-catenin pathway is involved in several stages of

embryogenesis, lymphocyte development and self-renewal

of hematopoietic stem cells.14,15 More and more studies

have confirmed that the abnormal activation of the Wnt/β-
catenin pathway is implicated in the formation of multiple

human malignancies14 and mediating the anti-tumor func-

tion of histone deacetylase inhibitors in T-ALL.16 In addi-

tion, GAS2 is reported to interact directly with β-calpain
and inhibit β-calpain activity.17,18 However, whether

GAS2 affects T-ALL through regulating the Wnt/β-
catenin pathway is unknown.

In this study, we explored the effects of GAS2 on the

biological behaviors of the T-ALL cells and its potential

molecular mechanisms. Our results revealed that GAS2

could significantly promote cell proliferation and invasion,

and induce cell cycle as well as inhibit cell apoptosis and

could activate the Wnt/β-catenin pathway in T-ALL cells.

The findings of our study may provide a new theoretical

foundation for deeply exploring the treatment of T-ALL.

Materials and Methods
Cell Cultures
Normal T lymphocytes and T-ALL cell lines Jurkat and

CCRF-CEM (ATCC, Manassas, VA, USA) were cultured

in RPMI-1640 (Gibco, USA) complemented with 10%

fetal bovine serum (Gibco, USA) at 37°C in 5% CO2.

Cell Transfection Assay
The lentiviral vectors used for inhibiting GAS2 (phU6-

EGFP-shRNA-GAS2) or for inducing GAS2 (pUbi-EGFP-

GAS2) were supplied by GenePharma (Shanghai, China).

Their corresponding control vectors were also obtained

from GenePharma. In short, a total of 5×104 Jurkat and

CCRF-CEM cells were added into the 24-plate well con-

taining the media with lentiviral vectors overnight, and

divided into NC group (transfected with negative control),

GAS2 group (transfected with pUbi-EGFP-GAS2), sh-NC

group (transfected with pUbi-EGFP empty control vector)

and sh-GAS2 group (transfected with phU6-EGFP-shRNA

-GAS2). In addition, cells in the GAS2 group when treated

with 10-μM XAV939 (Wnt/β-catenin pathway inhibitor,

Tocris Bioscience, USA) were GAS2 + XAV939 group.

Cells sh-GAS2 group when treated with 20 μM LiCl (Wnt/

β-catenin pathway activator, MedChemExpress, USA)

were sh-GAS2 + LiCl group.

Cell Proliferation and Apoptosis Assay
Cell proliferation and apoptosis assay were performed

according to a previous study.19 Briefly, after transfection,

cells were added with 20 μL 3-(4, 5-dimethylthiazol-2-yl)-

2, 5-diphenyltetrazolium bromide (MTT, 5 mg/mL, Sigma,

USA) at the predetermined time, and absorbance at 495

nm was obtained. For cell apoptosis, Jurkat and CCRF-

CEM cells were stained with 5 μL Annexin V-FITC and

propidium iodide (PI) in dark, and apoptosis was analyzed

by a flow cytometer (FACSCanto™ II, BD Biosciences,

CA, USA).

Transwell Assay
Cells invasion was examined by a transwell chamber pre-

coated with Matrigel (Invitrogen, USA). Briefly, trans-

fected Jurkat and CCRF-CEM cells were seeded in the

upper chamber, and 500-μL medium was added into the

lower chamber. After 24 h, the cells on the lower side of

the membrane were fixed and stained using 0.1% crystal

violet dye (Sigma, USA). Finally, the number of invasive

cells was counted under an optical microscope.

Cell Cycle Assay
Jurkat and CCRF-CEM cells cycle were detected using

a cell cycle detection kit according to the manufacturer’s

instructions (KeyGEN Biotech, Jiangsu, China). Briefly,

cells were planted into a 6-well plate, and were stained

with PI for 30 min at 4°C. After transfection, the cell cycle

was analyzed by using a FACSCanto™ II flow cytometer

(BD Biosciences).

Evaluation of Drug Susceptibility
Jurkat and CCRF-CEM cells were added into a 96-well

plate. When the cells adhered to the wall, vincristine

(VCR, 0.5 μg/mL, Sigma, USA) was added into the well.

After 24 h of culture, 20-μL MTT was added to each well

and cells were continued to incubate for 4 h. The optical

density (OD) was measured at 495 nm by using

a microplate reader. The inhibition rate (IR, %) was
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calculated according to the formula as follows: IR (%) =

(1-ODMedicine/ODControl) × 100%.

Real-Time Quantitative PCR (RT-qPCR)
Total RNA was extracted from the normal T lymphocytes,

Jurkat and CCRF-CEM cells by using TRIZOL reagent

(Invitrogen, USA). Then, RNA was reverse-transcribed

into cDNA and measured by using qRT-PCR (Bio-Rad,

CA, USA) with SYBR green qPCR Master Mix (Thermo

Scientific, USA). Primers used for qRT-PCR analysis were

as follows: GAS2 F: 5′-GCAACCCAGAGAAGTGTGT

CT-3′, R: 5′-CAGGAGGCTCCACACCAT-3′; β-actin F:

5′-TCAGGTCATCACTATCGGCAAT-3′, R: 5′-AAAGAA

AGGGTGTAAAACGCA-3′.

Western Blot Analysis
Protein samples were extracted using RIPA lysis buffer

(Beyotime, Shanghai, China). Protein samples with the

same amount of protein (50 μg/lane) were subjected to SDS-
PAGE and then transferred to the PVDF membrane. After

being blocked with 5% non-fat milk, the membrane was

incubated at 4°C overnight with the primary antibodies

(GAS2, 1:1000, ab175290; ki67, 1:1000, ab92742, Abcam;

proliferating cell nuclear antigen (PCNA), 1:1000, #13110;

Bax, 1:1000, #5023; Bcl-2, 1:1000, #4223; c-myc, 1:1000,

#9402; cyclin D1, 1:1000, #2922; β-Catenin (Ser33/37),

1:1000, #2922 and β-actin, 1:2000, #4967, Cell signaling,
USA). Subsequently, HRP-conjugated secondary antibody

(1:5000, Sigma, USA) was used to incubate the membranes

for 2 h at room temperature. The protein bands were visua-

lized with ECL system (Thermo, USA) and then analyzed

by Quantity One 1-D Analysis Software (Bio-Rad).

Statistical Analysis
All statistical analyses were performed using SPSS 22.0

(Chicago, IL). The results were presented in the form of

mean ± standard deviation. The differences between var-

ious groups were analyzed by a one-way ANOVA fol-

lowed by the Tukey’s post hoc test, and the data of the

two groups were assessed using the Student t test. P < 0.05

was considered to be statistically significant.

Results
The Expression of GAS2 Is Upregulated

in Jurkat and CCRF-CEM Cells
After detecting the expression levels of GAS2 using

qRT-PCR andWestern blot, we found that GAS2 expression

in Jurkat and CCRF-CEM cells was significantly higher

than that in normal T lymphocytes (P < 0.001) (Figure

1A). As shown in Figure 1B and C, transfection of lentiviral

vectors phU6-EGFP-shRNA-GAS2 or pUbi-EGFP-GAS2

could markedly inhibit or increase GAS2 expression in

Jurkat and CCRF-CEM cells, suggesting that the cell trans-

fection was successful.

GAS2 Promotes Cell Proliferation
MTT assay revealed that Jurkat and CCRF-CEM cells pro-

liferation was increased at 48 hrs (P < 0.05) and 72 hrs

(P < 0.01) in the GAS2 group compared with the NC group

(Figure 2A). On the contrary, the cell proliferation was

decreased at 48 hrs (P < 0.05) and 72 h (P < 0.01) in the sh-

GAS2 group compared with the sh-NC group (Figure 2A).

Additionally, compared with the NC and sh-NC group, ki67

and PCNA protein expression was higher in the GAS2

group and lower in the sh-GAS2 group (P < 0.05)

(Figure 2B). All those results revealed that GAS2 could

promote cell proliferation in Jurkat and CCRF-CEM cells.

GAS2 Promotes Cell Cycle Changes from

G0/G1 Phase to S Phase
As shown in Figure 3, GAS2 overexpression significantly

decreased the proportion of G0/G1 phase in Jurkat and

CCRF-CEM cells, and notably increased the proportion of

S phase (P < 0.01). On the contrary, knockdown of GAS2

significantly increased the proportion of G0/G1 phase, and

markedly decreased the proportion of S phase in Jurkat

and CCRF-CEM cells (P < 0.01), indicating that GAS2

could promote cell cycle changes from G0/G1 phase to

S phase in Jurkat and CCRF-CEM cells.

GAS2 Inhibits Cell Apoptosis
Cell apoptosis detection showed that the cell apoptosis of

Jurkat and CCRF-CEM cells was reduced in the GAS2

group, when compared with the NC group (P < 0.05)

(Figure 4A). On the contrary, the cell apoptosis was

increased in the sh-GAS2 group compared with the sh-

NC group (P < 0.05) (Figure 4A). In addition, the apop-

tosis-related protein was measured by Western blot

(Figure 4B). When compared with the NC group, the

expression of Bcl-2 was significantly increased and Bax

was decreased in the GAS2 group (P < 0.05). Meanwhile,

the opposite expression levels of Bcl-2 and Bax were

found in the sh-GAS2 group. The results above revealed
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that GAS2 could inhibit cell apoptosis in Jurkat and

CCRF-CEM cells.

GAS2 Promotes Cell Invasion in Jurkat

and CCRF-CEM Cells
Compared with the NC group, the cell invasion of Jurkat

and CCRF-CEM cells was increased in the GAS2 group (P

< 0.05) (Figure 5). On the contrary, the cell invasion of

Jurkat and CCRF-CEM cells was decreased in the sh-

GAS2 group compared with sh-NC group (P < 0.05)

(Figure 5), suggesting that GAS2 could promote cell inva-

sion in Jurkat and CCRF-CEM cells.

GAS2 Reduces the Chemotherapeutic

Sensitivity of Jurkat and CCRF-CEM Cells
MTT assays showed that the cell inhibition rate of

Jurkat and CCRF-CEM cells in GAS2 +VCR group

was lower than that in NC + VCR group (P < 0.05,

P < 0.01) (Figure 6A). Meanwhile, the cell inhibition

rate in sh-GAS2 + VCR group was increased than that

in sh-NC + VCR group (P < 0.05, P < 0.01) (Figure

6A). In addition, as shown in Figure 6B, the cell apop-

tosis of Jurkat and CCRF-CEM cells was reduced in

GAS2 +VCR group compared with the NC + VCR

group (P < 0.05), and increased in sh-GAS2 + VCR

Figure 1 The expression of GAS2 was upregulated in Jurkat and CCRF-CEM cells. (A) The mRNA and protein expression of GAS2 was measured by qRT-PCR and Western

blot in normal T lymphocytes and acute lymphoblastic leukemia cells Jurkat and CCRF-CEM. (B) The mRNA and protein expression of GAS2 was measured by qRT-PCR and

Western blot in the transfected Jurkat cells. (C) The mRNA and protein expression of GAS2 was measured by qRT-PCR and Western blot in the transfected CCRF-CEM

cells. Data were presented as mean ± standard deviation with repeated for three times. ***P<0.001, vs Normal group (A). *P<0.05, **P<0.01, ***P<0.001, vs NC group;
#P<0.05, ##P<0.01, ###P<0.001, vs sh-NC group (B and C).
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group compared with sh-NC + VCR group (P < 0.05),

indicating that GAS2 reduces the chemotherapeutic sen-

sitivity of Jurkat and CCRF-CEM cells.

GAS2 Activates Wnt/β-Catenin Pathway
In order to investigate the role of GAS2 on the Wnt/β-
catenin pathway, we detected the expression levels of Wnt/

Figure 2 GAS2 promoted proliferation of Jurkat and CCRF-CEM cells. (A) The proliferation of transfected Jurkat and CCRF-CEM cells was detected by MTTassay. (B) The
expression levels of ki67 and PCNA were measured by Western blot in the transfected Jurkat and CCRF-CEM cells. Data were presented as mean ± standard deviation with

repeated for three times. *P<0.05, **P<0.01, vs NC group; #P<0.05, ##P<0.01, vs sh-NC group.
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β-catenin pathway associated protein using GAS2 overex-

pression and knockdown. As shown in Figure 7, the expres-

sion levels of c-myc, cyclin D1 and β-catenin were increased

in GAS2 group and decreased in the sh-GAS2 group com-

pared with the NC group and sh-NC group, respectively

(P < 0.01). In addition, to further verify the role of GAS2

on the Wnt/β-catenin pathway, we used the Wnt/β-catenin

pathway inhibitor XAV939 and activator LiCl. We found

that compared with the GAS2 group, treating with XAV939

could significantly inhibit the expressions of c-myc, cyclin

Figure 3 GAS2 promoted cell cycle changes from G0/G1 phase to S phase in Jurkat and CCRF-CEM cells. The cell cycle of transfected Jurkat and CCRF-CEM cells was

detected by flow cytometry. Data were presented as mean ± standard deviation with repeated for three times. **P<0.01, vs NC group; ##P<0.01, vs sh-NC group.

Figure 4 GAS2 inhibited apoptosis of Jurkat and CCRF-CEM cells. (A) The cell apoptosis of transfected Jurkat and CCRF-CEM cells was detected by flow cytometry. (B)
The expression levels of Bcl-2 and Bax were measured by Western blot. Data were presented as mean ± standard deviation with repeated for three times. *P<0.05, vs NC

group; #P<0.05, vs sh-NC group.
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D1 and β-catenin (P < 0.01). Furthermore, LiCl could

increase the expressions of c-myc, cyclin D1 and β-catenin

compared with sh-GAS2 group (P < 0.01), suggesting that

XAV939 and LiCl could eliminate GAS2-induced

promotion and GAS2 knockdown-induced inhibition on

Wnt/β-catenin pathway. All those results revealed that

GAS2 could activate the Wnt/β-catenin pathway in Jurkat

and CCRF-CEM cells.

Figure 5 GAS2 promoted cell invasion in Jurkat and CCRF-CEM cells. The cell invasion of transfected Jurkat and CCRF-CEM cells was detected by transwell assay. Data

were presented as mean ± standard deviation with repeated for three times. **P<0.01, vs NC group; #P<0.05, ##P<0.01, vs sh-NC group.

Figure 6 GAS2 reduced the chemotherapeutic sensitivity of Jurkat and CCRF-CEM cells. (A) Cell proliferation inhibition rate of Jurkat and CCRF-CEM cells was measured

by MTT assay. (B) The cell apoptosis of transfected Jurkat and CCRF-CEM cells was detected by flow cytometry. Data were presented as mean ± standard deviation with

repeated for three times. *P<0.05, **P<0.01, vs NC + VCR group; #P<0.05, ##P<0.01, vs sh-NC + VCR group.
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Discussion
Although substantial improvements have been made on

the treatment of T-ALL, the prognosis of T-ALL patients

is still poor due to the drug-resistance and the recurrence

and metastasis of disease.20 Therefore, there is an urgent

need to find a new molecular approach to identify a novel

therapeutic target. Here, we confirmed that GAS2 could

promote cell proliferation and invasion, and suppress

apoptosis and could activate the Wnt/β-catenin pathway

in pediatric T-ALL cells.

GAS2 is a microtubule and microfilament associated

protein and the abnormal expression of GAS2 is closely

associated with the progress of malignant tumors.21 In

addition, GAS2 is upregulated in chronic myeloid leuke-

mia cells12 and leukemic cells.13 In this study, GAS2

expression was upregulated in Jurkat and CCRF-CEM

cells relative to normal T lymphocytes, which is consistent

with the previous studies. More and more researches have

suggested that GAS2 plays a regulatory role in cell biolo-

gical behaviors including cell cycle, proliferation, apopto-

sis and differentiation.7,13 Huang et al11 have indicated that

GAS2 overexpression is related to cell proliferation, cell

cycle and the chemotherapeutic sensitivity in colorectal

cancer, and GAS2 contributes to proliferation and inhibits

apoptosis of leukemic cells.13 In this study, we demon-

strated that GAS2 could promote cell proliferation and

invasion, inhibit cell apoptosis and reduce the chemother-

apeutic sensitivity of Jurkat and CCRF-CEM cells.

Additionally, we further confirmed this result by detecting

the expressions of two well-known proliferation markers

(PCNA and ki-67 antigen) and the apoptosis-related pro-

teins (Bcl-2 and Bax).

Wnt signaling pathway plays a crucial role in the pro-

gress of cell growth and differentiation.22 As the most

canonical Wnt pathways, Wnt/β-catenin pathway exerts

a crucial regulatory role in multiple tumors, such as hema-

tological malignancies and breast cancer.23,24 More and

more researches have indicated that the Wnt/β-catenin path-

way is closely related to the hematopoietic cells differentia-

tion and proliferation.25 For example, Zhao et al26 have

reported that lncRNA-H19 could promote the proliferation

of ALL cells and suppress apoptosis by regulating the Wnt/

β-catenin pathway. Xin et al27 have indicated that

Dishevelled-Axin domain-containing 1 could promote

acute myeloid leukemia cells growth via regulating Wnt/β-
catenin pathway. Lyu et al28 suggested that miR-181a-5p

could facilitate cell proliferation in ALL by activating Wnt/

β-catenin pathway. In addition, cyclin D1 is necessary for

the progression of the cell cycle, and its overexpression has

Figure 7 GAS2 activated Wnt/β-catenin pathway in Jurkat and CCRF-CEM cells. The expressions of c-myc, cyclin D1 and β-catenin were measured by Western blot in the

transfected Jurkat and CCRF-CEM cells. Data were presented as mean ± standard deviation with repeated for three times. **P<0.01, vs NC group; ##P<0.01, vs sh-NC

group; &&P<0.01, vs GAS2 group; $$P<0.01, vs sh-GAS2 group.
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been found in ALL cells,29 and c-myc is related to the

survival and progression of multiple tumors.30,31 Liu et al32

have also indicated that c-myc and cyclin D1 are generally

considered as the downstream targets of the Wnt/β-catenin
pathway. In this study, we found that GAS2 overexpression

could promote the expression levels of c-myc, cyclin D1

and β-catenin, while GAS2 knockdown could inhibit their

expression levels. Moreover, treating with Wnt/β-catenin
pathway inhibitor XAV939 or activator LiCl could inhibit

or promote the expressions of c-myc, cyclin D1 and β-
catenin, suggesting that GAS2 could activate Wnt/β-
catenin pathway in Jurkat and CCRF-CEM cells.

Conclusions
In conclusion, our study demonstrated that the expression

of GAS2 was upregulated in Jurkat and CCRF-CEM cells.

We found that GAS2 could significantly promote cell

proliferation and invasion, and induce cell cycle as well

as inhibit cell apoptosis, and active Wnt/β-catenin signal-

ing pathway in T-ALL Jurkat and CCRF-CEM cells. Our

research provides a novel regulatory mechanism about

GAS2 on T-ALL and may provide a reference to the

treatment of T-ALL in the future.
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