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Abstract. γ-catenin plays different roles in different types of 
tumors, and its role in chronic myeloid leukemia (CML) cells 
has yet to be identified. In our study, two CML cell lines (K562, 
KU812) had higher γ-catenin expression levels compared to five 
types of BCR-ABL-negative leukemia cells. Knockdown of the 
expression of BCR-ABL resulted in downregulation of γ-catenin. 
Furthermore, downregulation of γ-catenin by siRNA inhibited 
the proliferation and colony formation of CML cells and the 
expression of the c-Myc and cyclin D1 genes; downregulation 
of γ-catenin also potentiated the effects of imatinib (inhibiting 
CML cell proliferation and inducing apoptosis) and suppressed 
the anti-apoptotic genes Bcl-xL and survivin. We also showed 
that downregulation of γ-catenin suppressed the phosphoryla-
tion of STAT5, promoted the phosphorylation of β-catenin and 
reduced the translocation of β-catenin into the nucleus, although 
there were no effects on the total level of β-catenin expression in 
the whole cells. Furthermore, downregulation of γ-catenin was 
found to promote glycogen synthase kinase-3β (GSK3β) and 
inhibit its phosphorylation. Collectively, our results suggest that 
γ-catenin is an oncogene protein in CML that can be regulated 
by BCR-ABL and that suppression of γ-catenin inhibits CML 
cell growth and potentiates the effects of imatinib on CML cells 
through inhibition of the activation of STAT5 and suppression 
of β-catenin by activating GSK3β.

Introduction

γ-catenin (plakoglobin), a member of the Armadillo proteins 
(1), plays important roles in cell adhesion with α-catenin and 

β-catenin (2), is involved in Wnt signaling (3), and is trans-
located into the nucleus and binds LEF1, but is inefficient 
in forming a complex with DNA (4), and even inhibits the 
transcriptional activity of the TCF4 complex (5). Despite the 
homology and the similar structure of γ-catenin and β-catenin, 
the differences between them are rather distinct (6); β-catenin-
null mice and γ-catenin-null mice have different phenotypes 
(7). β-catenin is regarded as an oncogenic protein, while there 
are different proposed roles for γ-catenin for different types of 
tumors. In renal carcinoma cell KTCTL 60 cells (8), squamous 
carcinoma cell SCC9 cells (9), lung cancer (10), mammary 
carcinoma MCF-7 cells (11), and bladder carcinomas (12), 
γ-catenin acts as a tumor suppressor. By contrast, γ-catenin 
acts as an oncogenic factor in human colonic carcinoma 
HTC116 cells (13), and γ-catenin can promote the transforma-
tion of RK3E cells (14).

In chronic myeloid leukemia (CML), the reciprocal trans-
location of chromosomes 9 and 22 forms the Philadelphia 
chromosome, which results in the expression of a fused 
BCR-ABL protein. The BCR-ABL protein activates a series 
of proteins to promote cell survival and cell growth (15,16). 
Previous studies have shown that γ-catenin can be regulated by 
the acute myeloid leukemia (AML) fused protein AML1-ETO, 
PML-retinoic acid receptor-α (RARα) and PLZF-RARα (17), 
but the influence of BCR-ABL on the expression of γ-catenin 
remains unclear. It has been shown that β-catenin is crucial for 
CML cells (18), and β-catenin siRNA sensitizes CML cells to 
imatinib (19). Although γ-catenin and β-catenin belong to the 
same family, the role of γ-catenin in CML is elusive. In a study 
by Kim et al (20), CML patients in the accelerated phase and 
blast crisis (AP/BC) stages had significantly increased levels 
of γ-catenin, suggesting that γ-catenin may also play a crucial 
role in CML cells.

In this study, we showed that two BCR-ABL positive CML 
cell types (K562 cells and KU812 cells) had higher expres-
sion levels of γ-catenin compared to five BCR-ABL-negative 
leukemia cells. Suppressing the expression of BCR-ABL 
with siRNA resulted in decreased γ-catenin expression. 
Furthermore, suppression of γ-catenin by siRNA inhibited 
proliferation, colony formation and the β-catenin target genes 
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c-Myc and cyclin D1. Suppression of γ-catenin also potenti-
ated the effects of imatinib on CML cells and suppressed 
the expression of Bcl-xL and survivin (a β-catenin target 
gene). Furthermore, suppression of γ-catenin suppressed the 
activation of STAT5 and inhibited β-catenin by promoting 
its phosphorylation and inhibiting its translocation into the 
nucleus. Finally, downregulation of γ-catenin resulted in the 
increased total glycogen synthase kinase-3β (GSK3β) and 
suppression of phospho-GSK3β. This study helps elucidate 
the role of γ-catenin in CML cells and provides a marker or 
strategy for CML treatment.

Materials and methods

Cells and reagents. The cells were purchased from the 
Shanghai Cell Bank (Shanghai, China) and were maintained 
in a 37˚C/5% CO2 atmosphere. IMDM and DMEM medium 
were purchased from Hyclone, and fetal bovine serum (FBS) 
was purchased from Gibco. The human CML cell lines, K562 
and KU812, were maintained in DMEM or IMDM medium 
supplemented with 10 or 20% FBS, respectively. Human 
leukemia cells, Jurkat cells, U937 cells, CEM cells and Kasumi 
cells were maintained in RPMI-1640 medium supplemented 
with 10% FBS, and HL-60 cells were maintained in IMDM 
medium supplemented with 20% FBS. Human embryonic 
kidney cells HEK293 cells were maintained in DMEM 
medium supplemented with 10% FBS. Imatinib, a BCR-ABL 
inhibitor, purchased from Selleck Chemicals, was dissolved in 
DMSO (Sigma-Aldrich).

Stable cell line construction. The pSES-hus plasmid was used 
to construct the siRNA retrovirus. The pSES-hus plasmid was 
digested with the SfiⅠ restriction endonuclease and ligated 
with annealed DNA chains for siRNA. The BCR-ABL (target 
sequence, 5'-GCAGAGTTCAAAAGCCCTT-3') and γ-catenin 
(target sequence, 5'-GCTGATCATCCTGGCCAA-3') genes 
were the targets for the siRNA. A randomized sequence that 
did not target any gene was used as an siRNA control.

Subsequently, pSES-hus-siBCR-ABL and pSES-hus-γ-
catenin were used to package the retrovirus with pCL-ampho 
with co-transfection into HEK293 cells. K562 and KU812 
cells were infected with the retrovirus. Stable cell lines were 
obtained through Blasticidin (Invitrogen) selection. The cells 
infected with the BCR-ABL siRNA retrovirus were labeled 
K562-siBCR-ABL and KU812-siBCR-ABL, and the cells 
infected with the γ-catenin siRNA retrovirus were labeled 
K562-siγ-catenin and KU812-siγ-catenin. The siRNA control 
cells were labeled K562-siControl and KU812-siControl cells.

Western blotting, co-immunoprecipitation (Co-IP), and 
nuclear protein and cytoplasmic protein extraction. Western 
blot analysis was carried out as previously described (21), and 
the entire process was performed using the Bio-Rad system. 
The anti-c-Abl, anti-c-Myc, anti-cyclin  D1, anti-survivin, 
anti-Bcl-xL, anti-phospho-STAT5, anti-β-catenin, anti-
phospho-β-catenin, anti-GSK3β, and anti-phospho-GSK3β 
antibodies were obtained from Cell Signaling Technology. 
The anti-β-actin antibody, mouse IgG and rabbit IgG were 
obtained from Santa Cruz Biotechnology, Inc., while the anti-
γ-catenin antibody (mouse antibody) was from Abcam.

Co-IP was carried out with a Pierce Co-IP kit. A Nuclear 
Protein and Cytoplasmic Protein Extraction kit (Beyotime, 
China) was used to extract protein from the cell nucleus or 
cytoplasm. An anti-Histone H1 (Santa Cruz Biotechnology, 
Inc.) antibody was used as a loading control for the proteins 
in the nucleus.

Apoptosis analysis. After washing the cells three times 
with ice-cold phosphate-buffered saline (PBS), they were 
resuspended in binding buffer, stained with Annexin V-APC 
(KeyGentec, China) and propidium iodide (PI; Sigma-Aldrich), 
and analyzed by flow cytometry (BD Biosciences).

Cell proliferation analysis and colony formation assay. 
Cell proliferation analysis was conducted with a CCK-8 kit 
(Dojindo, Japan) according to the manufacturer's instructions.

The colony formation assay was performed as follows: 
the cells (2x103 cells/well) were plated in methylcellulose 
(1% final concentration; Sigma-Aldrich) semi-solid medium. 
Seven (K562 cells) or 12 days (KU812 cells) later, the colonies 
containing >40 cells each were counted.

Statistical analysis. Statistical tests were performed using 
the Student's t-test with SPSS software. A P-value <0.05 was 
considered to indicate statistically significant differences. The 
tests were conducted three times, and the results are presented 
as the means ± SD.

Results

Downregulation of BCR-ABL suppresses γ-catenin, but 
γ-catenin cannot bind BCR-ABL. Kim  et  al (20) found 
elevated levels of γ-catenin in AP/BC stage patients. We evalu-
ated the expression of γ-catenin in leukemia cell lines. K562 
and KU812 cells had higher levels of γ-catenin expression than 
the BCR-ABL-negative cell lines (Fig. 1A). It suggested that 
BCR-ABL regulates the expression of γ-catenin. To observe 
the effects of BCR-ABL on the expression of γ-catenin, we 
constructed CML cell lines with stable BCR-ABL siRNA 
expression: K562-siBCR-ABL and KU812-siBCR-ABL cells 
(Fig. 1A). We found that K562-siBCR-ABL cells and KU812-
siBCR-ABL cells had decreased levels of γ-catenin compared 
to control cells (Fig. 1B).

To determine whether BCR-ABL regulates γ-catenin 
by directly binding γ-catenin, we performed a Co-IP assay. 
The results showed that γ-catenin protein does not bind the 
BCR-ABL protein (Fig. 1C).

Downregulation of γ-catenin inhibits the proliferation and 
colony formation of CML cells. To study the roles of γ-catenin 
in CML cells, we constructed the following CML cells with 
downregulation of γ-catenin: K562-siγ-catenin cells and 
KU812-siγ-catenin cells.

After the cells (0.5x105/ml) were plated on 96-well plates, 
their proliferation was monitored at different time points. As 
shown in the proliferation curves, the proliferation rate of 
K562-siγ-catenin cells was lower than that of K562-siControl 
cells, and the proliferation rate of KU812-siγ-catenin cells 
was lower than that of KU812-siControl cells (Fig. 2A and B). 
The colony formation assay showed that the γ-catenin siRNA 
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CML cells formed fewer colonies than the control cells 
(Fig. 2C and D).

We also examined the expression of c-Myc and cyclin D1, 
which are β-catenin target genes (22,23). The expression levels 
of c-Myc and cyclin D1 in the γ-catenin siRNA cells were 
lower than in the control cells (Fig. 2E).

Downregulation of γ-catenin potentiates the sensitivity 
of CML cells to imatinib. We also examined the influence 
of γ-catenin on the sensitivity of CML cells to imatinib. To 
exclude the influence of γ-catenin on cell proliferation, the 
proliferation of the treated cells was normalized to cells that 

were not treated with imatinib. The cells (2x105/ml) were 
plated in 96-well plates and treated with different concentra-
tions of imatinib for 24 h. Imatinib decreased the proliferation 
of the K562-siγ-catenin and KU812-siγ-catenin cells more 
substantially compared to the control cells (Fig. 3A and B).

Following treatment with imatinib (K562, 6  µmol/l; 
KU812, 0.3 µmol/l), the percentages of apoptotic K562-siγ-
catenin and KU812-siγ-catenin cells were higher than for 
control cells (Fig. 3C and D).

We then examined the changes in the expression levels 
of survivin (a β-catenin target gene) (24) and Bcl-xL and 
found lower expression levels of these proteins in K562-siγ-

Figure 2. Downregulation of γ-catenin inhibits the growth and colony formation of CML cells. (A and B) Equal numbers of the γ-catenin siRNA cells and 
the control cells were plated on a 96-well plate. The cell proliferation was monitored with the CCK-8 assay at different time points. h, hour. (C and D) Equal 
numbers of the γ-catenin siRNA cells and the control cells were plated on a 6-well plate, and the numbers of colonies were counted at different time points. 
(E) Western blotting for the proteins in the γ-catenin siRNA cells and the control cells; β-actin was used as the loading control. *P<0.05, **P<0.01.

Figure 1. γ-catenin is regulated by BCR-ABL in CML cells. (A) Western blotting for γ-catenin in the leukemia cells. (B) Western blotting for γ-catenin in 
the BCR-ABL siRNA CML cells or the control cells; β-actin was used as the loading control. (C) Co-immunoprecipitation (Co-IP) analysis for the physical 
interaction of the BCR-ABL and γ-catenin proteins in K562 cells. Input: the cell lysates were used as positive control. 
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catenin and KU812-siγ-catenin cells than in the control cells 
(Fig. 3E).

Downregulation of γ-catenin suppresses STAT5 phosphory-
lation, promotes β-catenin phosphorylation and inhibits 
β-catenin translocation into the nucleus. STAT5 has been 
shown to be activated by BCR-ABL, to be involved in the 
signaling of BCR-ABL, and to be important for growth and 
apoptosis resistance (15). Bcl-xL and the cyclin D1 have been 
shown to be the targets of STAT5 in BCR-ABL-transformed 
cells (25). The effects of siRNA against γ-catenin on the 
activation of STAT5 were also evaluated. We found that the 
phospho-STAT5 level was lower in the γ-catenin siRNA CML 
cells than in the control cells (Fig. 4A).

As shown above, downregulation of γ-catenin reduced the 
expression of c-Myc (22), cyclin D1 (23) and survivin (24). 
Since these proteins are downstream target genes of β-catenin, 
we posited that γ-catenin influences β-catenin. There was no 
change in the expression of β-catenin in γ-catenin siRNA 
CML cells (Fig. 4A). However, there was an increased level of 
phospho-β-catenin in γ-catenin siRNA CML cells (Fig. 4A), 
a decreased β-catenin level in the nucleus, and an increased 

β-catenin level in the cytoplasm of the γ-catenin siRNA CML 
cells (Fig. 4B).

Downregulation of γ-catenin promotes GSK3β and suppres-
sion of phospho-GSK3β. Due to the regulation of β-catenin by 
GSK3β (26), we investigated whether GSK3β was involved in 
the γ-catenin regulation of β-catenin. We found that γ-catenin 
downregulation leads to downregulation of phospho-GSK3β 
and upregulation of total GSK3β, compared with the control 
cells (Fig. 4C).

Discussion

Our study helps elucidate the roles of γ-catenin in CML cells. 
γ-catenin was regulated by the BCR-ABL fused protein, and 
downregulation of γ-catenin had an anti-leukemia effect 
through the inhibition of β-catenin.

It was previously reported that γ-catenin expression is 
amplified in the CML cells of AP/BC stage patients (20) and 
that BCR-ABL has particularly increased levels in BC stage 
patients (27). In this study, two CML cells expressed higher 
levels of γ-catenin than BCR-ABL-negative leukemia cells. 

Figure 3. Downregulation of γ-catenin potentiates the sensitivity of CML cells to imatinib. (A and B) The cells were treated with different concentrations of 
imatinib for 24 h, and the cell proliferation was monitored with the CCK-8 assay. The cell proliferation was normalized to the proliferation of the cells that did 
not receive imatinib treatment. (C and D) The cells were treated with imatinib for 18 h, and then the cells were stained with Annexin V-APC/PI and analyzed 
by flow cytometry. The apoptotic cells are shown in the lower right quadrant, and the graphs represent the percentages of apoptotic cells. (E) Western blotting 
for the proteins in the γ-catenin siRNA cells and the control cells; β-actin was used as the loading control. **P<0.01.
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We hypothesized that BCR-ABL can regulate γ-catenin. To 
test our hypothesis, we used siRNA to knock down BCR-ABL 
expression, and found that γ-catenin is indeed regulated by 
BCR-ABL. Additionally, it was reported that BCR-ABL 
stabilizes β-catenin through binding β-catenin and its tyrosine 
phosphorylating β-catenin (19); thus, we addressed whether 
BCR-ABL also binds γ-catenin. However, a Co-IP assay 
showed that γ-catenin does not bind BCR-ABL, suggesting 
that BCR-ABL regulates γ-catenin in an indirect way, 
which is different from the interaction between BCR-ABL 
and β-catenin. However, although there are lower levels of 
γ-catenin in the 5 BCR-ABL-negative leukemia cell lines, 
high levels of γ-catenin may still exist in the other types of 
leukemia. In fact, γ-catenin has been reported to contribute 
to the signaling pathway of AML translocation products (17).

Our study also showed that the suppression of γ-catenin 
resulted in the inhibition of CML cell proliferation and trans-
formation as well as the inhibition of c-Myc and cyclin D1, the 
target genes of β-catenin. c-Myc plays important roles in cell 
proliferation and in the transformation of BCR-ABL-positive 
cells (28), and cyclin  D1 also contributes to BCR-ABL-

mediated transformation (25,29). c-Myc has been reported 
to be suppressed (30) or enhanced (13) by γ-catenin. In our 
study, downregulation of γ-catenin suppressed the expression 
of c-Myc.

Some signaling proteins influence the effects of imatinib 
on CML cells (31). In this study, we showed that downregula-
tion of γ-catenin potentiates the effects of imatinib on CML 
cells. Based on the report that the disruption of survivin can 
sensitize CML cells to imatinib (32), the report that Bcl-xL is 
an apoptosis resistant factor in CML cells (33), and our result 
that downregulation of γ-catenin suppressed survivin and 
Bcl-xL, we speculate that the survivin and Bcl-xL suppres-
sion is the mechanism by which downregulation of γ-catenin 
sensitizes CML cells to imatinib. However, Dusek et al (34) 
found that γ-catenin suppresses the expression of Bcl-xL in 
keratinocytes, but these differences may be cell-type specific.

It has been reported that Bcl-xL and cyclin D1 are regu-
lated by STAT5 in BCR-ABL-transformed cells (25). Our 
study showed that downregulation of γ-catenin decreased the 
levels of phospho-STAT5, which may be a mechanism for the 
downregulation of γ-catenin-mediated suppression of Bcl-xL 
and cyclin D1 in CML cells. There are differing reports on the 
influence of γ-catenin on β-catenin; it has been reported that 
γ-catenin suppresses β-catenin (35) and decreases the binding of 
β-catenin and TCF4 (5). However, it has also been reported that 
γ-catenin can promote β-catenin translocation into nucleus and 
increase the levels of β-catenin and the β-catenin-LEF-DNA 
complex (4,36). The present study showed that downregulation 
of γ-catenin had no influence on β-catenin expression, but could 
inhibit β-catenin translocation into the nucleus and suppress 
β-catenin-dependent genes expression. This observation is 
a possible mechanism for the downregulation of γ-catenin to 
suppress the proliferation and transformation of CML cells 
and potentiate the effects of imatinib on CML cells, due to the 
reports on the roles of β-catenin (18,19). Additionally, it has 
been shown, in BCR-ABL transformed cells, that the loss of 
β-catenin can reduce the levels of phosphorylated STAT5 (18); 
thus, β-catenin inhibition may be the mechanism by which 
γ-catenin downregulation suppressed STAT5 activation.

We also found that the suppression of β-catenin by down-
regulation of γ-catenin occurs through the promotion of GSK3β 
activation. This suggests that γ-catenin can stabilize β-catenin 
by suppressing GSK3β. It was previously shown that GSK3β 
regulates γ-catenin by phosphorylation (37), and, in the present 
study, we showed that γ-catenin can regulate GSK3β, indicating 
that γ-catenin and GSK3β interact and inhibit each other.

Previously, γ-catenin was considered to play an important 
role in cell adhesion and development. It is currently thought 
that γ-catenin also plays important roles for tumors. Our 
studies suggest that γ-catenin functions as an oncogenic protein 
in CML cells and can be regulated by the BCR-ABL fused 
protein. This study provides new insight into the BCR-ABL 
pathways, the roles of γ-catenin in CML cells, and a potential 
target for CML treatment.
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Figure 4. Downregulation of γ-catenin suppresses phospho-STAT5, inhibits 
β-catenin, and promoted GSK3β. (A) Western blotting for phospho-STAT5 
in the γ-catenin siRNA CML cells or the control cells; western blotting for 
β-catenin in the γ-catenin siRNA CML cells or the control cells; β-actin was 
used as the loading control. (B) Western blotting for β-catenin in the cell 
nucleus or cell plasma; histone H1 was used as the loading control for the 
nuclear protein, and β-actin was used as the loading control for the cytoplasmic 
protein. (C) Western blotting for GSK3β in the γ-catenin siRNA CML cells or 
the control cells; β-actin was used as the loading control. p, phospho.
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