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ARTICLE INFO ABSTRACT

Keywords: Epigenetic disorders play a key role in tumorigenesis and development, among which histone methylation ab-
RBP2 normalities are common. While patients living with chronic myeloid leukemia in the chronic phase (CML-CP)
Cell proliferation have a good response to TKI, blastic phase (CML-BP) patients demonstrate poor efficacy and high fatality rates.

CML However, while the mechanism of blast crisis of chronic myeloid leukemia remains unclear, high expression and
grcl:;;t;fﬁ activation of BCR-ABL are usually related to CML blast crisis transition. We found that histone H3 lysine 4
PTEN (H3K4) demethylase RBP2 expression is negatively correlated with BCR-ABL expression, which suggests a

regulatory link between these two genes. We also discovered that RBP2 mediates the dephosphorylation of BCR-
ABL by directly downregulating PTEN expression, depending on histone demethylase activity, while PTEN
targets protein phosphatase activity of BCR-ABL, a phosphatase which directly dephosphorylates BCR-ABL. In
clinical specimens, the mRNA expression of RBP2 was found to be positively correlated with that of PTEN. These
data suggest that the under-expression of RBP2 promotes blast crisis transition by activating an RBP2/PTEN/

BCR-ABL cascade.

1. Introduction

Chronic myeloid leukemia (CML) is a myeloproliferative disorder
characterized by the BCR-ABL fusion gene, which forms a chimeric
protein with deregulated tyrosine kinase activity [1,2]. The disease
starts with an initial chronic phase (CP), before spontaneous progres-
sion to an accelerated phase (AP) and then finally a blastic phase (BP)
[3,4].The vast majority of CML-CP patients are sensitive to tyrosine
kinase inhibitors (TKI), which demonstrate a good curative effect.
However, approximately 20% of CML-CP patients , and so sponta-
neously progress into the blastic phase are insensitive to TKI, including
both Imatinib and second-generation TKI. Once the disease moves into
the blastic phase, existing therapy does not have positive responses;
fatality rates are extremely high. The median survival for CML-BP pa-
tients is just six months [5].

While the mechanism of blast crisis transition is both complex and
highly heterogeneous, it tends to be accompanied by a high expression
and activation of BCR-ABL. Uncontrolled activation of BCR-ABL is
considered the driving force in promoting CML [5-7]. It may be
speculated that CML-BP is a multi-step, time-dependent process in-
itiated by mechanisms which are both dependent and independent of

BCR-ABL1 and which cause DNA damage associated with inefficient,
unfaithful DNA repair in CML-CP, facilitating accumulation of addi-
tional genetic changes that lead to selection of CML-BP clones [8]. At
present, BCR-ABL is mainly regulated by both transcription and post-
transcriptional regulation. BCR-ABL dephosphorylation (inactivation)
which is a post-transcriptional regulation, can be regulated with PP2A,
SET, CIP2A, SHP1 and PTP1B [9-14]. There are many binding sites of
SP1, Sry, E47 and other transcription factors in the BCR promoter [15].
BCR-ABL is also regulated by epigenetics at the transcriptional level.
This means that -arrestinl in the nucleus, binding to EZH2, promotes
CML progression by regulating BCR-ABL H4 acetylation [16]. However,
whether or not BCR-ABL could be regulated by histone demethylase has
not been well explored.

Epigenetics lead to in heritable changes in gene expression but no
alteration in DNA sequence. Epigenetic modification, including DNA
methylation, histone modification and so on, play a key role in carci-
nogenesis [17-19]. The retinoblastoma binding protein 2 (RBP2) be-
longs to the KDM5 family, and is also known as JARID1A or KDM5A.
RBP2 can specifically target both tri- and di-methylated lysine 4 of
histone H3 (H3-K4) for demethylation [20]. RBP2, which can regulate
transcription and differentiation, contains a JmjC domain, which is a
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histone demethylase signature motif [21]. The role of histone de-
methylase RBP2 as an oncogene or tumor suppressor in cancer remains
controversial. It may have different functions in different types of
cancer cells. Recently, RBP2 has been reported to participate in the
initiation of cancers including gastric [22,23], lung [24], breast [25],
malignant gliomas [26], renal cell carcinoma [27], ovarian [28] and
hepatocellular carcinoma [29]. In our previous research, we found that
RBP2 is under-expressed in CML-BP. RBP2 mediated CML blast crisis
transition by regulating miR-21 in the BCR-ABL independent pathway
[30]. However, whether RBP2 could mediate CML progression through
the BCR-ABL dependent pathway remains unknown.

Protein tyrosine phosphorylation plays a key role in regulating the
activity and stability of proteins. The state of tyrosine phosphorylation
will depend on the balance between protein-tyrosine kinases and pro-
tein-tyrosine phosphatases (PTPs) [31]. The phosphatases and tension
homolog (PTEN) is the first tumor suppressor gene found to have a
double specific phosphatase activity; that is, dephosphorylate protein
and peptide substrates phosphorylated on serine, threonine and tyr-
osine residues [32,33]. PTEN can lead to PTK6 dephosphorylation of
PY342 as well as PTK6 inhibition in prostate cancer [34]. The crystal
structure analysis of PTEN demonstrated that its N-terminal domain
contained a specific sequence of protein tyrosine phosphatase (PTP),
which has a structure similar to that of double specific phosphatase
VHR [35,36]. In contrast, PTP1B can mediate the dephosphorylation of
BCR-ABL and inhibit transcriptional activation induced by BCR-ABL
[12,13]. Peng and colleagues have shown that PTEN over-expression
has a synergistic effect with imatinib. This synergy can significantly
prolong survival time of mice [37]. PTEN can be inactivated by BCR-
ABL in chronic myeloid leukemia [38-40]. Therefore, we speculate that
PTEN may inhibit activation of BCR-ABL by dephosphorylating BCR-
ABL.

We hypothesize that histone demethylase RBP2 mediates CML
progression in the BCR-ABL dependent pathway. That is, under-ex-
pression of RBP2 leads to low PTEN expression depending on histone
demethylase activity, which could upregulate BCR-ABL phosphoryla-
tion and activate the BCR-ABL signaling pathway as well as promoting
CML blast crisis transition.

2. Materials and methods
2.1. Cell lines and cell culture

K562, MEGO1 and HEK293 cell lines were obtained from and au-
thenticated by the Typical Culture Preservation Commission Cell Bank,
Chinese Academy of Sciences (Shanghai, China). These cells were cul-
tured in RPMI 1640 which contained 10% fetal bovine serum without
antibiotics (FBS; Gibco, Carlsbad, CA, USA).

2.2. Transfection

Cells were transfected using RBP2, PTEN, BCR-ABL(P210) expres-
sion plasmid (purchased from addgene) or with stealth interference
RNAs (siRNA) of PTEN, BCR-ABL [41] with Lipofactamine2000 (In-
vitrogen, Carlsbad, CA, USA), according to the protocol. Sequences of
these siRNAs are listed in Table 1.

2.3. Patients and sample preparation

Bone-marrow samples were obtained from patients with newly di-
agnosed CML-CP (n = 26) and CML-BP (n = 16) who were treated at
the Department of Hematology, Qilu Hospital of Shandong University
in Jinan, China. Clinical characteristics of CML patients can be seen in
Table 2. Mononuclear cells were isolated from samples and stored at
—80 °C. This study was approved by the Ethics Committee of Shandong
University School of Medicine.
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Table 1
Sequences of siRNAs.
siRNAs Sequences
BCR-ABL NC Sense 5-CAGUGUUCAUAAGCCGUUCAG-3"
Antisense 3’-UCGUCACAAGUAUUCGGCAAGUC-5"
BCR-ABL siRNA Sense 5’-CAGAGUUCAAAAGCCCUUCAG-3’
Antisense 3’-UCGUCUCAAGUUUUCGGGAAGUC-5’
PTEN NC Sense 5’-UUCUCCGAACGUGUCACGUTT-3"
Antisense 5-ACGUGACGUUCGGAGAATT-3"
PTEN siRNA Sense 5’-CUAUUCAUGGAAGGAUUUAATAT-3"
Antisense 5-UAAAUCCUUCCAUAG-dTdT-3’
Table 2

Clinical characteristics of CML patients.

Characteristic Patients (n = 42)

Progression CP 26
BP 16
Gender Male 25
Female 17
Age(years) Range 26-70
Medium 44
WBC, x10%/L Range 3.65-397.06
Medium 55

2.4. RNA extraction and quantitative real-time PCR (qRT-PCR)

Total RNA from human bone marrow samples and cells was ex-
tracted with Trizol reagent (Invitrogen, Carlsbad, CA, USA). Extracted
RNA used a RevertAid First Strand DNA Synthesis (RT) kit (Fermentas
Life Science, Canada) in order to reverse-transcriptase. Expressions of
RBP2 and BCR-ABL mRNA were verified by PCR using TagMan gene
expression assay kit (Life Technologies, USA). The expression of other
genes' mRNA were measured using SYBR Premix Ex Taq kit (Takara,
Japan). Probes for RBP2 (Applied Biosystems) were Hs00231908 m1.
TagMan probes were placed to cover the fusion region of the b2a2 and
b3a2 variants respectively. The probes b2a2: tgaccatcaataaggaa-
gaagcecttcage and b3a2: cagagttcaaaagcccttcagegge were purchased
labeled with 6-carboxy-fluorescein (FAM) (Applied Biosystems,
Germany) [42]. Gene expression was normalized to that of B-actin.
Expressions were calculated using the 2~ *2“"method. The sequences of
the primers used were shown in Table 3.

Table 3
Sequences of the primers used.
Primers Sequences
ACTIN Forward AGTTGCGTTACACCCTTTCTTG
Reverse CACCTTCACCGTTCCAGTTTT
PTEN Forward TGGATTCGACTTAGACTTGAC-CT
Reverse GGTGGGTTATGGTCTTCAAAAGG
b2a2 Forward TGTGAAACTCCAGACTGTCCACA
Reverse AAAGTCAGATGCTACTGGCCG
b3a2 Forward TCCACTCAGCCACTGGATTTAA
Reverse CAGAGTTCAAAAGCCCTTCAGCGGC
PTP1B Forward GCAGATCGACAAGTCCGGG
Reverse GCCACTCTACATGGGAAGTCAC
SHP1 Forward GGTGTCCACGGTAGCTTCC
Reverse ACAGGTCATAGAAATCCCCTGAG
SET Forward AGCAAGAAGCGATTGAACACA
Reverse TGGTTGGCGGAGTTTGTTATATT
PP2A Forward TCTCAGGCATACGCTGACTAC
Reverse GGAGACTCTGTACTCGAAGGT




X. Yin, et al.

Table 4

The detail information of primary antibodies used.
Antibody Company Product
RBP2 Abcam ab70892
H3K4me2 Abcam ab32356
H3K4me3 Abcam ab8580
ACTIN Sigma A5441
P-STATS Cell Signaling Technology 4322
STAT5 Cell Signaling Technology 9363
P-ERK Cell Signaling Technology 4376
ERK Cell Signaling Technology 4695
PTEN Cell Signaling Technology 9552
c-ABL Cell Signaling Technology 2862
4G10 Millipore 2,654,211
GAPDH Santa Cruz sc-47,724

2.5. Western blotting

Cells were collected, washed twice in PBS and then lysed for 30 min
on ice in DTT-buffer, supplemented with 1 mM PMSF. Total cellular
proteins were separated using SDS-PAGE and transferred to PVDF
membranes. Primary antibodies against RBP2 (1:1000, Abcam), PTEN
(1:500, Cell Signaling Technology), c-ABL (1:1000, Cell Signaling
Technology), and B-actin (1:10000, Sigma) were incubated overnight at
4 °C. The detail information of these primary antibodies can be seen in
Table 4. Horseradish peroxidase-conjugated anti-rabbit as well as anti-
mouse secondary antibodies (Jackson) were diluted 1:6000 and in-
cubated at room temperature for 50 min. Antigens were revealed with
Enhanced Chemiluminescence Reaction (ECL+, Millipore, USA).

2.6. Co-immunoprecipitation(Co-IP) and immunoblot analysis

Co-IP analysis was performed using a Pierce TM Co-
Immunoprecipitation Kit (Thermo-Fisher, Waltham, MA, USA), fol-
lowing the manufacturer's instructions. Protein extracts were then in-
cubated with 5 pg antibodies.

2.7. Chromatin immunoprecipitation (ChIP)

A Cell Signaling Technology ChIP Assay Kit was utilized to treat
prepared K562 cells according to kit protocol. K562 cells were cross-
linked by incubation in 37% formaldehyde solution for 10 min at 37 °C
and then sonicated to develop soluble chromatin with DNA fragments,
ranging in size from 200 to 800 bps. DNA was purified from the chro-
matin fragments which had been immunoprecipitated with antibodies
against RBP2, H3K4me3, H3K4me2 (Abcam) and then used for PCR
amplification. PCR primers for the PTEN promoter were as follows:
forward primer: 5-GTCGGAGTCAAGCTCGGT-3’, reverse primer:
5-TCCTACCGTTCCGTACTTTC-C-3".

2.8. Cell proliferation

We used 5-ethynyl-2’-deoxyuridine (EDU) assay to detect pro-
liferative rates of K562 and MEGO1 cells. Transfected cells were in-
cubated with EDU for 2 h before fluorescent detection. Cells which had
been treated were used to prepare cell smear with glass slides, fixed
with 4% paraformaldehyde for 30 min and then stained using a Cell-
Light™ EDU Apollo®488 In Vitro Imaging Kit (RioBio, China), following
the manufacturer's instructions. Slides were examined by confocal laser
scanning microscopy.

2.9. Soft agar assay
One ml of 1% agar in complete 2xDMEM, containing 20% fetal

bovine serum (FBS), was plated as the basal layer in 6-well plates. Cells
in complete medium containing 0.4% agar were seeded on the basal
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layer. Plates were then incubated at 37 °C in a CO, incubator for a total
of 21 days. Dense colonies were microscopically examined and counted
on the final day.

2.10. Luciferase reporter assay

We transfected HEK293 cells with RBP2 plasmid on day one and the
wild-type or mutant PTEN promoter reporter plasmid the following
day. A thymidine kinase promoter was co-transfected to monitor
transfection efficiency. After 48 h, luciferase activity was measured
using the Dual-Luciferase Reporter Assay System (Promega). Luciferase
activity of the PTEN promoter reporter was found to be normalized to
thymidine kinase renilla activity.

2.11. Statistical analysis

Data obtained from biological replicates are presented as means
( = SD or SEM). Student's t-test and Pearson correlation efficiency were
used to analyze differences between the groups, using GraphPad Prism
for Windows version 5.00 (GraphPad Software, La Jolla, CA, USA).
P < .05 was considered to signify a statistically significant difference.

3. Results
3.1. RBP2 over-expression inhibited BCR-ABL phosphorylation

Our previous study has shown that RBP2 is under-expressed in blast
crisis of chronic myeloid leukemia (CML). RBP2 over-expression acti-
vated leukemia cell differentiation while inhibiting cell proliferation
through BCR-ABL independent pathway [30]. Whether RBP2 plays a
role in CML progression in the BCR-ABL dependent pathway remains
unknown. Compared to the RBP2 expression in BCR-ABL positive and
negative cell lines, we discovered that RBP2 protein level is lower in
BCR-ABL positive cell lines than BCR-ABL negative cell lines
(Fig. 1A-B). When transfecting RBP2 expression plasmid into MEGO1
and K562 cell lines, levels of P-BCR-ABL protein decrease (Fig. 1C-D).
However, no significant change of BCR-ABL protein (Fig. 1C) and
mRNA (Fig. 1E) was found. Mononuclear cells were isolated from the
bone marrow of one patient with newly diagnosed CML-CP, and RBP2
expression plasmid was transfected into these cells. When the RBP2
mRNA level increased, the level of BCR-ABL mRNA displayed no ob-
vious change (Fig. 1G). These results suggest that RBP2 cannot regulate
BCR-ABL expression transcriptionally, but is able to regulate BCR-ABL
phosphorylation.

3.2. PTEN is a potential target for RBP2

Thus far, it remains unknown whether RBP2 has phosphorylation
function. We therefore hypothesized that RBP2 inhibited BCR-ABL
phosphorylation indirectly. We searched core regulatory factors related
to the phosphorylation of BCR-ABL, such as PP2A, SET, SHP1, PTP1B
and PTEN. Only the expression of phosphatase PTEN mRNA could be
regulated by RBP2 (Fig. 2A-B). We found that the expression of RBP2 is
positively correlated with the expression of PTEN. We investigated
whether there was a correlation between RBP2 and PTEN and found
that the expression of RBP2 is positively correlated with that of PTEN in
samples of newly diagnosed CML-CP and CML-BP patients collected
from Qilu hospital (N = 42, R = 0.5621, P < .0001) (Fig. 2C). De-
mographic details relating to these patients can be seen in Table 4.
Following transfection of RBP2 expression plasmid into MEGO1 and
K562 cell lines, PTEN protein (Fig. 2D-F) and mRNA (Fig. 2A-B) levels
showed obvious increases. In addition, in primary cells from the bone
marrow of a CML-CP patient with RBP2 overexpression, PTEN expres-
sion was significantly increased (Fig. 2G). Furthermore, when com-
pared to wild mice, accompanied with RBP2 under-expression, PTEN
mRNA level was lower in RBP2 hybrid knock-out mice (Fig. 2H).
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Therefore, PTEN is upregulated by RBP2 and may be a target gene of
RBP2.

3.3. RBP2 upregulates the expression of PTEN by binding to its promoter
depending on histone demethylase activity

In order to determine the mechanism by which RBP2 upregulates
PTEN, RBP2 wild-type and RBP2-mutant defective in demethylase ac-
tivity (H483A) expression plasmids were selected. Two plasmids were
separately transfected into MEGO1 and K562 cell lines. With RBP2 over-
expression, PTEN protein (Fig. 3A-C) and mRNA (Fig. 3D) levels rose
significantly. RBP2-H483A plasmid, over-expressing RBP2 but with no
histone demethylase activity, could not regulate expression of PTEN
protein (Fig. 3A-C) or mRNA (Fig. 3D). This suggests that RBP2 reg-
ulates PTEN expression depending on enzyme activity. To further ex-
plore whether PTEN is a direct target of RBP2, we found a binding motif
(CCGCCQ) in PTEN promoter region (Fig. 3E). To verify whether RBP2
directly binds to PTEN promoter, we performed a ChIP assay in K562

cells and found that RBP2 is bound to the region (Fig. 3F). Therefore, it
appears that RBP2 upregulates the expression of PTEN by binding to its
promoter, depending on histone demethylase activity (Fig. 3G). In
order to determine the effect of RBP2 on PTEN promoter activity, we
transfected both RBP2 plasmid and PTEN promoter reporter plasmid
into the HEK293 cell line. With RBP2 over-expression, PTEN promoter
activity was significantly increased, while there was no change in PTEN
promoter activity on mutation of the binding site (Fig. 3H). There was
no significant change in PTEN promoter activity with RBP2-H483A
over-expression (Fig. 3H). These results suggest that RBP2 can regulate
PTEN expression transcriptionally depending on enzyme activity.

3.4. PTEN regulates the downstream signaling pathway of BCR-ABL by
regulating the phosphorylation of BCR-ABL

PTEN has the same domain PTP as PTP1B, which mediates the de-
phosphorylation of BCR-ABL as well as inhibiting the transcriptional
activation induced by BCR-ABL. Therefore, we speculated that PTEN
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Fig. 2. PTEN is a potential target for RBP2.
(A, B) gqRT-PCR analysis of RBP2, SHP1,
PP2A, SET, PTP1B and PTEN mRNA levels
following transfection with RBP2 expression
plasmid in MEGO1 and K562 for 48h. (C)
Expressions of RBP2 and PTEN were ana-
lyzed by linear correlation in samples ob-
tained from Qilu hospital. (D) Western Blot
analysis of RBP2, PTEN protein levels in
MEGO1 and K562 cells following transfec-
tion with RBP2 expression plasmid. B-actin
was a loading control. (E, F) Relative protein
levels were quantified using the ImageJ
program, with actin for normalization. (G)
qRT-PCR analysis of RBP2 and PTEN mRNA
levels following transfection with RBP2 ex-
pression plasmid in CML-CP primary cells
for 48 h. (H) qRT-PCR analysis of RBP2 and
PTEN mRNA levels in RBP2 hybrid knock-
out mice compared to wild mice. *P < .05,
**P < .01, ***P < .001.
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Fig. 3. RBP2 upregulates the expression of PTEN by binding to its promoter, depending on histone demethylase activity. (A) Western Blot analysis of RBP2 and PTEN
protein levels in leukemia cell lines transfected with either RBP2 expression plasmid or RBP2-H483A plasmid. 3-actin was a loading control. (B, C) Relative protein
levels were quantified using the ImageJ program, with actin for normalization. (D) qRT-PCR analysis of RBP2 and PTEN mRNA level following transfection with
RBP2 expression plasmid or RBP2-H483A plasmid in MEGO1 and K562 cell lines. Data are mean + SEM of three independent experiments. (E) RBP2 binding motif in
PTEN promoter. (F) ChIP assay for binding RBP2 to PTEN promoter in K562 cells. (G) ChIP assay for binding RBP2, H3K4me3 and H3K4me2 to PTEN promoter in
K562 cells. (H) PTEN promoter and mutated activity with RBP2 expression plasmid or RBP2-H483A expression plasmid transfection for HEK293 cells. Luciferase
activities were determined at 48 h and normalized using Renilla luciferase activity. Results are from three independent experiments, only exemplary blot pictures are

shown. *P < .05, **P < .01, ***P < .001.

may inhibit BCR-ABL activation via the dephosphorylation of BCR-ABL.
In order to determine whether PTEN regulates phosphorylation level of
BCR-ABL, K562 cells were transfected with control siRNA or PTEN
siRNA (Fig. 4A-C). PTEN was depleted, BCR-ABL phosphorylation level
and its downstream targets p-STAT5 and p-ERK increased (Fig. 4A-C).
MEGO1 cells were transfected with PTEN expression plasmid; with
PTEN overexpression, both BCR-ABL phosphorylation levels and BCR-
ABL signaling pathway downstream targets p-STAT5 and p-ERK de-
creased (Fig. 4A-C). Following PTEN depletion in K562 cells or PTEN
overexpression in MEGO1 cells, BCR-ABL mRNA levels demonstrated no

significant change (Fig. 4D).

To explore the ways in which PTEN regulates BCR-ABL phosphor-
ylation, we conducted both exogenous and endogenous co-im-
munoprecipitation experiments. PTEN and c-ABL antibodies were used
for IP assay in K562 cells, which confirmed that PTEN and c-ABL can
endogenously bind to each other (Fig. 4E). When PTEN and BCR-ABL
expression plasmid were transfected into HEK293 cells at the same
time, PTEN and c-ABL antibodies were used for IP assay after 48 h,
which confirmed that ectopic PTEN and BCR-ABL can bind to each
other (Fig. 4E). Therefore, overexpression of PTEN inhibits activation of
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BCR-ABL and its downstream signaling pathway by downregulating
BCR-ABL phosphorylation through protein-protein interaction with
BCR-ABL.

3.5. BCR-ABL inhibits RBP2 expression reversely forming a feedback loop

It is worth mentioning that we found RBP2 to be reversely regulated by
BCR-ABL. K562 cells were incubated with imatinib (IM) at various con-
centrations (0, 0.5, 1.0 and 2.0 uM) for 24 h. The mRNA and protein ex-
pression of RBP2 were upregulated dose-dependently (Fig. 5A-C). Fur-
thermore, K562 cells were incubated with IM at differing times (0, 12, 24
and 36h), while RBP2 mRNA and protein expression were upregulated
time-dependently (Fig. 5D-F). These results indicate that IM, a small mo-
lecule that inhibits the BCR-ABL kinase activity, is able to upregulate RBP2
expression in both concentration and a time-dependent manner. Moreover,
BCR-ABL expression plasmid which has been transfected into K562 cells,
RBP2 mRNA and protein expression was clearly downregulated (Fig. 5G-I).
In contrast, when transfecting K562 cells with BCR-ABL siRNA, the mRNA
and protein expression of RBP2 were upregulated (Fig. 5G-I). This means
that BCR-ABL inhibits RBP2 expression, reversely forming a feedback loop.

3.6. Ectopic expression of RBP2 inhibits leukemia cell proliferation
depending at least partially on BCR-ABL inhibition by RBP2

We investigated the potential role of RBP2 in leukemia cell pro-
liferation by transfecting RBP2 expression plasmid into MEGO01 and
K562 cell lines. Following this, cells with RBP2 overexpression pro-
liferated at a slower rate than the control group (Fig. 6A, C), while their
ability to form colonies was also impaired (Fig. 6B, D). This means that
RBP2 inhibited the proliferation of leukemia cells. Following transfec-
tion of RBP2 and BCR-ABL expression plasmid into MEGO1 and K562
cell lines, BCR-ABL restored the inhibition of proliferation by RBP2
(Figs. 7A, 8B), while their ability to form colonies increased (Fig. 8A,
C). The key finding was that RBP2 partially regulates CML cell pro-
liferation through the BCR-ABL pathway.

4. Discussion
The blast crisis phase is the fatal stage of CML. While its mechanism is

complex and highly heterogeneous, it tends to be accompanied by high
expression and activation of BCR-ABL. Uncontrolled activation of BCR-ABL
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may be considered the driving force for promoting CML [5,43,44]. A
growing number of studies have suggested that epigenetic regulation is
involved in the progression of CML from CP to BP [45,46]. We posit that
there is a relationship between BCR-ABL and epigenetic regulation. Our
focus is on histone demethylase. Until now, regulation of BCR-ABL by his-
tone demethylase in this type of disease progression has not been described.

It has been reported that histone demethylase RBP2 participates in
carcinogenesis [22-29]. Our previous study demonstrated that histone
demethylase RBP2 is downregulated in CML-BP compared with CML-
CP. RBP2 is involved in the progression of CML from CP to BP by
downregulating miR-21 expression, independent of the BCR-ABL
pathway [30]. In this study, we found that RBP2 is involved in CML
progression in the BCR-ABL dependent pathway. By examining RBP2
and PTEN expression in samples from Qilu hospital, we found that
expression of RBP2 correlates positively with PTEN expression. RBP2
overexpression significantly upregulated PTEN expression in K562,
HL60 and CML primary cells, while RBP2 binds to the PTEN promoter
and upregulates its transcription. However, when the binding site was
mutated, activation disappeared. In addition, a ChIP assay demon-
strated that RBP2 directly bound to the promoter of PTEN.

PTEN is often lost or inactivated in multiple solid tumor types, but is
a critical regulator of the PI3K/Akt signaling pathway [47]. PTEN

results in PTK6 dephosphorylation of PY342 and PTK6 inhibition in
prostate cancer [34]. PTEN has the same function as PTP1B, which can
regulate BCR-ABL dephosphorylation [13]. However, whether PTEN
can mediate BCR-ABL dephosphorylation remains unknown. We found
that under-expression of PTEN significantly upregulated phosphoryla-
tion level of BCR-ABL. In order to verify the mechanisms, co-IP assays
were applied, demonstrating the ways in which PTEN and BCR-ABL
interact with each other. Further investigation is needed to confirm at
which tyrosine residue PTEN dephosphorylates BCR-ABL.

Furthermore, BCR-ABL is able to regulate RBP2 expression in re-
turn. However, the exact mechanism for how BCR-ABL regulates RBP2
needs further investigation. The major finding here is a new epigenetic
mechanism for regulating BCR-ABL in CML-BP pathogenesis (Fig. 9). In
CML, a low expression of RBP2 leads to low PTEN expression, which
results in a high level of BCR-ABL phosphorylation and promotes the
transition of CML from CP to BP.

5. Conclusion

Downregulation of RBP2 promoted BCR-ABL phosphorylation by
directly downregulating PTEN expression, while the under-expression
of RBP2 promoted blast crisis transition via an RBP2/PTEN/BCR-ABL
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cascade. These findings may provide new insights into the mechanisms
of CML blast crisis transition.
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