
c-Myc inhibition decreases CIP2A and reduces 
BCR-ABL1 tyrosine kinase activity in chronic
myeloid leukemia

Chronic myeloid leukemia (CML) is a malignant disease
of the primitive hematologic cell which is driven by BCR-
ABL1 tyrosine kinase activity.1 Although in recent years
CML treatment has been drastically improved by the tyro-
sine kinase inhibitor (TKI) imatinib, at least one-third of
patients will eventually fail imatinib treatment2,3 and a sig-
nificant proportion of these will progress to blast crisis
(BC). c-Myc is a transcription factor which regulates genes
involved in proliferation, cell growth, differentiation, and
apoptosis. The C-terminal domain of c-Myc has a basic

helix-loop-helix leucine zipper domain (bHLHZip), neces-
sary for the dimerization with MAX and for DNA binding.
c-Myc exerts its oncogenic activity via the hetero-dimeriza-
tion with MAX. Inhibition of c-Myc/MAX interaction has
been shown to inhibit c-Myc induced cellular transforma-
tion. c-Myc is crucial for BCR-ABL1 mediated cellular trans-
formation4 and is over-expressed at transformation to blast
crisis.5 Furthermore, in CML, elevated levels of c-Myc may
promote aneuploidy, contributing to disease progression.6,7

Many malignancies, including CML, are associated with
inhibition of protein phosphatase 2A (PP2A).8,9 A novel pro-
tein inhibitor of PP2A, cancerous inhibitor of PP2A (CIP2A,
KIAA1525) is associated with poor outcome in many
malignancies. In CML, CIP2A protein level at chronic
phase diagnosis is a prospective biomarker of disease pro-
gression in imatinib-treated CML patients. Moreover, high
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Figure 1. 10058-F4 inhibits c-Myc and reduces CIP2A and BCR-ABL1 tyrosine kinase activity. K562 cells were treated with the c-Myc
inhibitor 10058-F4 for 48 h and the CIP2A pathway was assessed by flow cytometry and western blot (n=5). (A) c-Myc. (B) c-Myc S62. (C)
CIP2A. (D) PP2A Y307. (E) pCrkL/CrkL ratio. (F) BrdU Proliferation assay and (G) western blot analysis. (H-I) c-Myc inhibition leads to a
decrease in CIP2A in AGS cells. (AGS cells are CIP2A positive but BCR-ABL1 negative). FACS analysis of the CIP2A and c-Myc following 48
h of 10058-F4 treatment (n=4).

A

D

G H I

E F

B C



CIP2A levels are associated with high c-Myc and high BCR-
ABL1 tyrosine kinase activity.9 CIP2A acts by impairing
PP2A activity leading to the stabilization of c-Myc,10 and
this stabilization is accompanied by phosphorylation at ser-
ine residue 62 (S62).  CIP2A is an attractive therapeutic tar-
get since high levels are only found in malignant cells. The
structure of CIP2A is unknown, thus specific small mole-
cule inhibitors targeting CIP2A have not been developed.
The aim of this study was to inhibit the c-Myc using the
small molecule inhibitor 10058-F4 which inhibits c-
Myc/MAX interaction in order to disrupt the CIP2A/c-Myc
interaction, and thus attempt to indirectly suppress CIP2A. 

K562 and AGS cell lines and newly diagnosed chronic
phase patients’ cells were cultured with 60 µM 10058-F4
(Sigma-Aldrich, UK) for 48 h and changes to the CIP2A/C-
Myc pathway were assessed by flow cytometry and west-
ern blot methodology, as previously described,9,11 and were

used for the detection of PP2A, PP2A Y307, CIP2A, c-Myc
and c-Myc S62. The following antibodies were used: Anti-
PP2A (Merck Millipore, UK), PP2A Y307 (Epitomics, USA),
CIP2A (Santa Cruz Biotechnology, USA), c-Myc (New
England Biolabs, UK), c-Myc S62 (Abcam, UK), anti-mouse
and anti-rabbit Alex fluor 488 (Invitrogen, UK).  Levels of
pCrKL and CrKL were used as an assay of BCR-ABL1 activ-
ity, measured by flow cytometry, as previously described.11

c-Myc siRNA  (Thermo Scientific. MA, USA) was transfect-
ed into K562 and CD34+ cells for 72 h prior to analysis.
Cellular proliferation was assessed by bromodeoxyuridine
(BrdU) incorporation (Roche Diagnostics, UK).

To investigate whether modulating c-Myc could affect
CIP2A levels, K562 cells were initially treated for 48 h with
60 µM 10058-F4. 10058-F4 significantly decreased both c-
Myc (P=0.005) (Figure 1A) and c-Myc S62 (P=0·003) (Figure
1B). Interestingly, c-Myc inhibition led to a decrease in
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Figure 2. c-Myc inhibition decreas-
es CIP2A in CML patients diagnos-
tic MNC from high and low CIP2A
patients treated with 10058-F4 for
48 h (n=10). (A and B) shown c-
Myc. (C and D) show CIP2A. (E and
F) pCrKL/CrKL ratio for high and
low CIP2A patients, respectively. 
G 10058-F4 significantly reduces
CIP2A protein levels to a greater
degree than observed with imatinib
in high CIP2A patients.
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CIP2A (P=0.003) (Figure 1C), and this was associated with
increased PP2A activity (i.e. decreased PP2A Y307) (Figure
1D) and decreased BCR-ABL1 tyrosine kinase activity, as
assessed by decreased pCrKL/CrKL ratio (P=0.003) (Figure
1E). 10058-F4 also significantly reduced the rate of cellular
proliferation (P=0.003), (Figure 1F). Results were also con-
firmed by western blot (Figure 1G). 10058-F4 treatment
decreased both c-Myc and BCR-ABL1 mRNA expression
(P=0.002 and 0.004, respectively) (Online Supplementary
Figure S1). No effect on CIP2A mRNA expression was
observed (data not shown). To investigate whether the
decrease in CIP2A protein was a direct result of c-Myc
reduction or an indirect effect via BCR-ABL1, AGS cells (a
gastric carcinoma line which has high CIP2A levels but is
BCR-ABL1-negative) were treated with 60µM 10058-F4 for
48 h. Again, c-Myc inhibition resulted in a decrease in
CIP2A (P=0.001) (Figure 1H and I). These data in a BCR-
ABL1 negative cell line are in line with the view that the
effect of 10058-F4 on c-Myc and CIP2A was independent
of BCR-ABL1.

The effects of c-Myc inhibition using 10058-F4 were
extended to primary CML cells. In patients with a high
diagnostic CIP2A level, 10058-F4 significantly reduced c-
Myc (P=0.03) (Figure 2A) and CIP2A protein levels (P=0·02)
(Figure 2C). In those patients with low diagnostic CIP2A
level, a reduction in c-Myc and c-Myc S62 was also
observed (Figure 2B), though no effect was seen on the

already low CIP2A protein level (Figure 2D).  Furthermore,
as in the K562 cell line, c-Myc inhibition decreased the
BCR-ABL1 tyrosine kinase activity in both high and low
CIP2A patients (Figure 2E and F). In High CIP2A patients
treatment with 10058-F4 significantly reduces CIP2A pro-
tein levels to a greater degree than observed with imatinib
(Figure 2G). Taken together, these data in CML cell lines
and primary cells suggest that it is possible to target c-Myc
inhibition as a surrogate for CIP2A inhibition. 

We then investigated the role of c-Myc in the CIP2A
pathway, using c-Myc siRNA on K562 cells and CML
CD34+ cells (Figure 3) with similar findings to those seen
with c-Myc inhibition by 10058-F4. Specifically, Figure 3A
and B show a significant reduction in c-Myc and c-Myc
S62.  Inhibition of c-Myc again resulted in an 85% decrease
in CIP2A protein (P=0.01) (Figure 3C), reactivation of PP2A
activity and a 60% decrease in BCR-ABL1 tyrosine kinase
activity (P=0.01) (Figure 3D and E). 

Coupled with our previous publication demonstrating
that CIP2A siRNA causes a decrease in c-Myc,9 these data
support the notion that CIP2A and c-Myc act to stabilize
each other at the protein level by mutual protection from
proteolytic degradation.  Similarly, inhibition of c-Myc by
siRNA in CML CD34+ cells resulted in an 80% reduction in
CIP2A protein levels (P=0.04) (Figure 3F).

Our previous work and that of others has shown that
CIP2A acts to stabilize c-Myc. c-Myc plays a critical role in
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Figure 3. c-Myc inhibition leads to a decrease
in CIP2A and BCR-ABL1 tyrosine kinase activ-
ity. Cells were treated with c-Myc siRNA for 72
hours and the CIP2A/c-Myc pathway was
assessed. Results of K562 cells are shown (A-
E) (A) c-Myc, (B) c-Myc S62. (C) CIP2A. (D)
PP2A Y307. (E) pCrkL/CrkL ratio (=5). CD34+

selected CML cells were treated with c-Myc
siRNA for 72 h prior to analysis (n=4). With c-
Myc siRNA a decrease in CIP2A was observed 
(F-G). 
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proliferation and cell cycle, and levels are elevated in those
patients with a high diagnostic CIP2A level.9 In AML cell
lines and primary cells, 10058-F4 has been shown to inhibit
growth, induce cell cycle arrest and cause differentiation.12

Here, we have demonstrated that c-Myc inhibition by
using the small molecule inhibitor 10058-F4 or siRNA leads
to a decrease in CIP2A, reactivation of PP2A, a decrease in
BCR-ABL1 tyrosine kinase activity (as assessed by pCrKL),
and reduces cellular proliferation. In those patients with a
high diagnostic CIP2A level, inhibition of c-Myc reduced
CIP2A. However, 10058-F4 also reduced BCR-ABL tyro-
sine kinase activity irrespective of the patient’s diagnostic
CIP2A level. These data suggest that c-Myc inhibition
would be beneficial for all CML patients. Recently, it has
been shown that there are putative binding sites for c-Myc
and MAX within the BCR promoter and that c-Myc/MAX
hetero-dimers up-regulate BCR-ABL1 expression,13 this
may explain why 10058-F4 treatment reduces BCR-ABL1
tyrosine kinase activity in high- and low-CIP2A patients.
Our study has demonstrated that c-Myc inhibition via
either 10058-F4 or siRNA results in a decrease in CIP2A in
K562, mono-nuclear cells and CD34+ cells, and suggest that
c-Myc inhibition may merit further study, especially as it is
a surrogate target for CIP2A. 

Claire M. Lucas, Robert J. Harris, Athina Giannoudis 
and Richard E. Clark

Department of Haematology, Royal Liverpool and Broadgreen
University Hospital, Liverpool, UK

Acknowledgments: we would like to thanks Elizabeth McDonald
and Natasha Carmell for their technical help.

Correspondence: cml@liv.ac.uk
doi:10.3324/haematol.2014.115691

Key words: CML, CIP2A, 10058-F4, MYC, PP2A.
Information on authorship, contributions, and financial & other disclo-

sures was provided by the authors and is available with the online version
of this article at www.haematologica.org.

References

1. Ben-Neriah Y, Daley GQ, Mes-Masson AM, Witte ON, Baltimore D.
The chronic myelogenous leukemia-specific p210 protein is the
product of the BCR/ABL hybrid gene. Science. 1986;233(4760):212–
214.

2. Lucas CM, Wang L, Austin GM, et al. A population study of imatinib
in chronic myeloid leukaemia demonstrates lower efficacy than in
clinical trials. Leukemia. 2008;22(10):1963-1966.

3. de Lavallade H, Apperley JF, Khorashad JS, et al. Imatinib for Newly
Diagnosed Patients With Chronic Myeloid Leukemia: Incidence of
Sustained Responses in an Intention-to-Treat Analysis. J Clin Oncol.
2008;26(20):3358-3363.

4. Sawyers CL, Callahan W, Witte ON. Dominant negative MYC
blocks transformation by ABL oncogenes. Cell. 1992;70(6):901-910.

5. Strnad M, Brajusković G, Strelić N, Zivanović BT, Tukić L, D. S.
Expression of Bcl-2 protein and the amplification of c-myc gene in
patients with chronic myeloid leukemia. Vojnosanit Pregl.
2006;63(4):364-369.

6. Prochownik EV, Li Y. The ever expanding role for c-Myc in promot-
ing genomic instability. Cell Cycle. 2007;6(9):1024-1029.

7. Oudat R, Khan Z, Glassman AB. Detection of Trisomy 8 in
Philadelphia Chromosome-Positive CML Patients Using
Conventional Cytogenetic and Interphase Fluorescence in situ
Hybridization Techniques and its Relation to c-myc Involvement.
Ann CLin Lab Sci. 2001;31(1):68-74.

8. Neviani P, Santhanam R, Trotta R, et al. The tumor suppressor PP2A
is functionally inactivated in blast crisis CML through the inhibitory
activity of the BCR/ABL-regulated SET protein. Cancer Cell.
2005;8(5):355-368.

9. Lucas CM, Harris RJ, Giannoudis A, Copland M, Slupsky JR, Clark
RE. Cancerous inhibitor of PP2A (CIP2A) at diagnosis of chronic
myeloid leukaemia is a critical determinant of disease progression.
Blood. 2011;117(24):6660-6668.

10. Junttila MR, Puustinen P, Niemela M, et al. CIP2A inhibits PP2A in
human malignancies. Cell. 2007;130(1):51-62.

11. Lucas CM, Harris RJ, Giannoudis A, Knight K, Watmough SJ, Clark
RE. BCR-ABL1 tyrosine kinase activity at diagnosis, as determined
via the pCrkL/CrkL ratio, is predictive of clinical outcome in chronic
myeloid leukaemia. Br J Haematol. 2010;149(3):458-460.

12. Huang MJ, Cheng YC, Liu CR, Lin S, Liu HE. A small-molecule c-
Myc inhibitor, 10058-F4, induces cell-cycle arrest, apoptosis, and
myeloid differentiation of human acute myeloid leukemia. Exp
Hematol. 2006;34(11):1480-1489.

13. Sharma N, Magistroni V, Piazza R, Gambacorti C. MYC:MAX het-
erodimer acts on BCR promoter to modulate BCR and BCR-ABL
expression. Haematologica. 2014;99 (Supplement 1).

haematologica 2015; 100:e182

LETTERS TO THE EDITOR


