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Circular RNA circHIPK3 serves as a prognostic marker to promote chronic

myeloid leukemia progression
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Increasing evidence demonstrate that circular RNAs (circRNAs) play critical role in regulation of gene expression, which
participate in the pathogenesis of cancer, including chronic myeloid leukemia (CML). In this study, we aimed to investigate
the expression profiling of circHIPK3 in CML. We found that circHIPK3 was significantly upregulated in peripheral blood
mononuclear cells (PBMC) and serum samples from CML compared with healthy controls. High circHIPK3 expression
predicted a poor outcome of CML patients. Further loss-function experiments suggested the oncogenic role of circHIPK3
in CML. Our findings provide insights on the role of circHIPK3 in the development and treatment of CML.
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In the past, circular RNAs (circRNAs) were initially
considered as by-products of mis-spliced RNAs. Recently, by
circRNA microarray, a large number of circRNAs have been
identified. In addition, increasing evidence demonstrate that
circRNAs play critical role in regulation of gene expression,
which participate in the pathogenesis of cancer, including
hematologic malignancies [1]. Several studies shown that
circRNAs are abundantly expressed in the hematologic
cancer cells and highly conserved across species and show
tissue- and developmental stage-specific expression [2].
For example, circBA9.3 that derived from BCR-ABLI can
efficiently promote proliferation and inhibit apoptosis of
cancer cells, and promote resistance against tyrosine kinase
inhibitors therapy in chronic myelogenous leukemia [3].
hsa_circ_0080145 knockdown significantly suppressed
chronic myeloid leukemia (CML) cell proliferation by acting
as a miR-29b sponge [4].

CML is caused by a reciprocal translocation between
chromosomes 9 and 22 t(9;22) (q34;q11), which account for
up to 15% of reported cases of leukemia. The Ph chromosome
is a reciprocal translocation, which results in a fusion gene
and resultant transcription of the fusion protein BCR-ABL
that has constitutive tyrosine kinase activity. Given the
general deregulation in splicing mechanisms in CML, altered
circRNAs could contribute to leukemogenesis. Previous

study revealed that circHIPK3 is derived from Exon2 of
the HIPK3 gene and directly binds to miR-124 and inhibits
miR-124 activity [5]. The following studies demonstrate that
circHIPK3 functions as biomarker for several cancers, such
as glioma, ovarian cancer and osteosarcoma [6-8], and acts
as an oncogene in lung cancer and colorectal cancer [9-10].
However, the role of circHIPK3 in chronic myeloid leukemia
(CML) remains unknown.

In this study, we aimed to investigate the expression
profiling of circHIPK3 in CML. We found that circHIPK3
was significantly upregulated in peripheral blood mononu-
clear cells (PBMC) and serum samples from CML compared
with healthy controls. High circHIPK3 expression predicted
a poor outcome of CML patients. Further loss-function
experiments suggested the oncogenic role of circHIPK3 in
CML. Our findings provide insights on the role of circHIPK3
in the development and treatment of CML.

Patients and methods

Patients and samples. One hundred patients with CML
and age-matched healthy donors were enrolled in this study
from The Affiliated Hospital of Qingdao University between
Sep 2010 and Oct 2017. The medical records of CML patients
with Sokal relative risk (RR) and survival information were
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collected. BCR/ABL fusion protein was detected by FISH
in our hospital (Figure 1). Peripheral blood samples were
collected from all subjects enrolled in the study. Peripheral
blood mononuclear cells (PBMC) were obtained by Ficoll-
Hypaque density gradient centrifugation and then stored at
—-80°C in guanidinium thiocyanate until use. This project
was approved by the Ethic Committee of The Afhiliated
Hospital of Qingdao University. Written informed consents
were received from all subjects.

Cell culture and transfection. The human cell line
1D3 and 5 CML cell lines (K562, KCL22, AR230-r,
LAMAS84-s and Kasumi-4) were obtained from ATCC.
Cells were grown routinely in RPMI-1640 medium (Invit-
rogen, CA, USA) supplemented with 10% fetal bovine
serum (Gibco, CA, USA) and cultured in a 37°C humidi-
fied atmosphere of 5% CO,. To test the effect of lenti-
virus circHIPK3 shRNA (circHIPK3 shl, sequence:
CCGGACTGTTGGCCAGTATGAATATCTCGAGA-
TATTCATACTGGCCAACAGTTTTTTG; circHIPK3
sh2, sequence: CCGGTCTACATCAAATGGGTCTTT-
GCTCGAGCAAAGACCCATTTGATGTAGATTTTTG,
Sigma-Aldrich), K562 cells were infected with either
circHIPK3 sh1/sh2 (MOI = 100) or the empty lentivirus for
48 h in accordance with the manufacturer’s instructions.

Quantitative real-time PCR analysis. Trizol reagent
(Invitrogen) was used to extract total RNA from cells or
serum samples. RevertAid First Strand ¢cDNA Synthesis
Kit (ThermoFisher Scientific, Waltham, MA, USA)
was used to reverse transcript cDNA from total RNA
according to the manufacturer’s protocol. The expres-
sion of circRNAs was measured by PowerUp SYBR™
Green Master Mix (ThermoFisher Scientific) according
to manufacturers’ instructions. Expression of -actin was
used as an endogenous control. The primers were used as
following: 5-TGGAGACTGGGGGAAGATGA-3’ (forward)
and 5-CACACTAACTGGCTGAGGGG-3’ (reverse)

Negative

/ABL

for circHIPK3; 5°-GACCTGAGGAGATCAAGCCG-3’
(forward) and 5’-ACTCCTCACTCTTGCGCTTC-3’ (reverse)
for HIPK3; 5-TAGAACTGCACGGGAAACCC-3’ (forward)
and 5-ACTATCCAGCACCTCCCACT-3’ (reverse) for
IGF2BP3; 5-GTCTCTCCTCACAAGGTGGC-3 (forward)
and 5-ACTCCTCACTCTTGCGCTTC-3" (reverse) for
B4GALT1;5-CCTTCCAAGAAGAGCAGCGTG-3’ (forward)
and 5-TGCCCAGAAGGAAACACCAT-3’ (reverse) for p65;
and 5-TTGTTACAGGAAGTCCCTTGCC-3’ (forward),
5-ATGCTATCACCTCCCCTGTGTG-3" (reverse) for
B-actin. All-in-One™ miRNA qRT-PCR Reagent Kits (iGene
Biotechnology Co., Ltd, Guangzhou, China) was used to
measure miR-124 expression in serum samples, and U6 was
used as an endogenous reference. 2 method was used to
calculate the relative expression.

Cell proliferation analysis. K562 and Kasumi4 cells (1000
cells per well) were seeded into 96-well plates. After incuba-
tion at 37°C for 24 h, 48 h, 72 h and 96 h, 0.5% MTT solution
was added to cells. After incubation at 37°C for 4 h, 150 pl
DMSO was added into each well to dissolve the formazan.
The optical density (570 nm) was detected using a microplate
reader (Bio-Rad Laboratories, CA, USA).

Cell apoptosis analysis. K562 and Kasumi4 cell apoptosis
was analyzed by using Annexin V-FITC Apoptosis Staining/
Detection Kit (Abcam, Cambridge, MA, USA) following
the manufacturer’s instructions. Briefly, 2x10° cells were
harvested by centrifugation at 1000 xg for 5 min and resus-
pended in 100 pl binding buffer, followed by a 15 min incuba-
tion with 5 pl Annexin V-FITC in the dark at 37°C. After
that, 10 ul PI staining was added with gentle shaking for 10
min incubation in the dark at 37°C. Flow cytometry (BD)
analysis was employed for detecting apoptotic events with
FlowJo software (version 10, FlowJo, LLC, USA).

Western blot. Radioimmunoprecipitation assay (RIPA)
lysis buffer (Boster, Wuhan, China) was used to extract
protein from cells. BCA Protein assay kit (Thermo Scien-

Positive

Figure 1. Representative BCR-ABL fusion positive and negative images by FISH. Red indicates BCR probes, blue indicates ABL probes and yellow

indicates the BCR-ABL fusion protein.



circHIPK3 IN CHRONIC MYELOID LEUKEMIA

173

PBMC
5- p<0.001
©
3 44 .
™
E —
T 37
o
o 27
2
3 i
0 :

Healthy control CML

B
Serum

4- p<0.001
5 e
3
o 37
¥ ——
o
5 2
C
) [ —
=
E 1- %
[0)
o

0 T T

Healthy control CML

Figure 2. circHIPK3 expression in CML. A) qPCR was performed to measure the expression of circHIPK3 in PBMC from CML patients (n=100) and
healthy controls (n=100). B) qPCR was performed to measure the expression of circHIPK3 in serum samples from CML patients (n=100) and healthy
controls (n=100). CML, chronic myeloid leukemia; PBMC, peripheral blood mononuclear cells.

tific) was used to measure protein concentrations. After
separated by 10% SDS/PAGE, the proteins were blotted
onto membranes. The membranes were then blocked by
5% non-fat milk for 30 min at room temperature and then
immunoblotted with the following primary antibodies: Bcl2
antibody (cat no. 2872, diluted at 1:1000), Bax antibody (cat
no. 5023, diluted at 1:1000), full length PARP antibody (cat
no. 9532, diluted at 1:1000), cleaved PARP antibody (cat no.
5625, diluted at 1:1000), caspase 3 antibody (cat no. 9662,
diluted at 1:1000), cleaved caspase 3 antibody (cat no. 9664,
diluted at 1:1000), GAPDH antibody (cat no. 5174, diluted at
1:3000). All antibodies were purchased from Cell Signaling
Technology. Membranes were then incubated with peroxi-
dase-conjugated secondary antibody and specific bands were
detected with a Bio-Rad (Hercules, CA) imaging system.

Luciferase reporter gene assay. The 3’'UTR of IGF2BP3,
B4GALT1 and p65 were cloned downstream of FL reporter
vector. Mutations were performed in the binding sites. 50
ng miR-124 mimics were obtained from ThermoFisher
(Beijing, China). K562 cells were cultured for 24 h in 96-well
plates. Then, the cells were co-transfected with FL reporter,
Renilla luciferase reporter and miRNA mimic for 48 h.
The luciferase activity was measured with a dual luciferase
reporter assay system (Promega, Madison, WI) and normal-
ized to Renilla activity.

Statistical analysis. All data from 3 independent
experiments were expressed as mean + SD and processed
using SPSS17.0 statistical software. The overall survival
rate estimation was calculated using the Kaplan-Meier
method with log-rank test. The clinical association between
circHIPK3 expression and clinicopathological variables in
CML patients was evaluated by chi-square test. The differ-
ence among the groups was estimated by Student’s t-test or
one-way ANOVA with post hoc Turkey test. A p-value <0.05
was statistically significant.

Results

CircHIPK3 is upregulated in CML patients. To inves-
tigate whether circHIPK3 could be used as biomarker
for CML diagnosis, we performed qPCR to measure the
expression of circHIPK3 in PBMC and serum samples from
CML patients and healthy donors. The results revealed that
circHIPK3 expression was significantly upregulated in CML
patients PBMC compared with healthy controls (Figure 2A).
In addition, we also found that circHIPK3 was significantly
increased in serum samples from CML patients compared
with healthy controls (Figure 2B).

High serum circHIPK3 is associated with poor
outcome of CML patients. We analyzed the association
between serum circHIPK3 and clinicopathological features
of CML patients. The cases of CML patients were divided
into high circHIPK3 expression with their expression more
than the mean of circHIPK3 levels, otherwise into low
circHIPK3 expression group. We found that circHIPK3
expression was associated with Sokal relative risk (p=0.017),
but not BCR/ABL mutant status (p=0.891), age (p=0.536)
and gender (p=0.151) (Table 1). In addition, we investigated
the factors that could predict the prognosis of CML patients
by using the univariate and multivariate analyses. Univariate
analysis indicated that the serum circHIPK3 level (p=0.01),
as well as Sokal relative risk (p=0.02) and BCR/ABL mutant
status (p=0.01) was significantly associated with patients’
prognosis (Table 2). Multivariate analysis revealed that
the serum circHIPK3 level (p=0.02), Sokal relative risk
(p=0.01) and BCR/ABL mutant status (p=0.02) were found
to be independent factors for predicating the prognosis of
CML patients (Table 3). We further analyzed the relation-
ship between serum circHIPK3 levels and survival time of
CML patients. The Kaplan-Meier survival cure showed that
the patients with high circHIPK3 expression had shorter
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Table 1. Clinical association between serum circHIPK3 levels and clini-
copathological variables of patients with CML

serum circHIPK3

X test

Variable Low expression High expression " oje
(n=38) (n=62)
Age 0.536
<60 20 37
> 60 18 25
Gender 0.151
Male 16 36
Female 22 26
Sokal RR 0.017
Low 18 13
Intermediate 11 22
High 9 27
BCR/ABL 0.891
Mutated 34 56
Unmutated 4 6
Sokal RR, Sokal relative risk.
Table 2. Univariate analysis of prognostic factors of CML.
Variable Hazard ratio p-value
Age (260 vs. <60) 1.32 0.46
Gender (Male vs Female) 0.93 0.28
Sokal RR (high vs. low/intermediate) 2.54 0.02
BCR/ABL (mutated vs. unmutated) 3.32 0.01
serum circHIPK3 levels (high vs. low) 4.63 0.01

Sokal RR, Sokal relative risk.

Table 3. Multivariate analysis of independent prognostic factors of CML.

Variable Hazard ratio p-value
Sokal RR (high vs. low/intermediate) 5.72 0.02
BCR/ABL (mutated vs. unmutated) 4.15 0.01
serum circHIPK3 levels 4.82 0.02
Sokal RR, Sokal relative risk.
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Figure 3. High circHIPK3 expression predicts a poor outcome for CML
patients. The Kaplan-Meier survival cure showed the survival rate in pa-
tients with high circHIPK3 expression (n=62) and those with low circH-
IPK3 expression (n=38).

overall survival rate than those with low circHIPK3 expres-
sion (Figure 3).

Knockdown of circHIPK3 by shRNA inhibits K562
and Kasumi4 cell growth. We next aimed to characterize
circHIPK3 in CML cells. Compared with 1D3 cells, the
expression of circHIPK3 was significantly upregulated in
five CML cell lines, but the expression of host gene HIPK3
were comparable among these cell lines (Figure 4). Because
of the highest amount of circHIPK3, we chose K562 and
Kasumi4 cells for the next study. We first knocked down
circHIPK3 expression in K562 and Kasumi4 cells (Figure
5A). The results showed that knockdown of circHIPK3
could significantly inhibit K562 and Kasumi4 cells prolif-
eration (Figure 5B, C) and induced cell apoptosis (Figure
5D). In addition, our studies showed that downregulation
of circHIPK3 could lead to an apparent upregulation of bax,
cleaved caspase 3 and cleaved PARP, and meanwhile the
levels of bcl2 were substantially decreased, but the levels of
full length PARP and pro-caspase 3 were comparable among
groups (Figure 5E).

Given that circRNA has been shown to act as miRNA
sponge and miR-124 was a valid target of circHIPK3, we
therefore analyzed the expression of miR-124 and the corre-
lation between miR-124 and circHIPK3 in serum samples
of CML patients. We found that the levels of miR-124 were
significantly decreased in serum samples of CML patients
compared with healthy controls (Figure 6A) and were
negatively correlated with circHIPK3 expression (Figure
6B). Luciferase reporter gene assay and qPCR validated
that B4GALT1 and nuclear factor-kB (NF-kB) p65, but not
IGF2BP3, were the direct targets of miR-124 (Figures 6C, D),
suggesting that circHIPK3/miR-124 axis may through these
genes exhibits their functions.

Discussion

In this study, we found that circHIPK3 was significantly
increased in CML PBMC and serum compared with healthy
controls. High circHIPK3 expression predicted a poor
outcome for CML patients. Further analysis showed that
circHIPK3 would be an independent prognostic factor for
CML patients’ outcome.

Emerging evidence revealed the function of circRNAs
in cancer and their potential to serve as a required novel
biomarker and therapeutic target for cancer treatment. RNA
sequencing revealed thousands of circRNAs in leukemia. For
example, circPAN3 was increased in bone marrow samples
from patients with refractory and recurrent acute myeloid
leukemia. Downregulation of circPAN3 could decrease the
expression of X-linked inhibitor of apoptosis protein, which
was counteracted by miR-153-3p or miR-183-5p specific
inhibitors [11]. circ-CBFB could serve as a diagnostic and
prognostic biomarker for chronic lymphocytic leukemia
patients. circ-CBFB knockdown significantly suppressed
chronic lymphocytic leukemia cell proliferation, arrested



circHIPK3 IN CHRONIC MYELOID LEUKEMIA

175

>

Relative circHIPK3 level

B_
2 2.0-
1)
<
Z 1.5
=
€ 1.0
o
I
g 0.5
©
& o0.04
,9“’ (OQ;L \()j/ %Q,« xS (.Q\,b‘
@ N
v r ¥

Figure 4. circHIPK3 expression in CML cell lines. qPCR was performed to measure the expression of circHIPK3 (A) and HIPK3 (B) in CML cell lines.
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Figure 5. Knockdown of circHIPK3 inhibits K562 and Kasumi 4 cell proliferation. A) qPCR was performed to measure the expression of circHIPK3
after shRNA transfection in K562 and Kasumi4 cells. MTT was performed to evaluate the cell viability after shRNA transfection in K562 (B) and Ka-
sumi4 (C) cells. D) Flow cytometry was performed to evaluate the cell apoptosis after shRNA transfection in K562 and Kasumi4 cells. E) Western blot
was performed to evaluate the expression of apoptosis markers after shRNA transfection in K562 and Kasumi4 cells. *p<0.05, **p<0.01.
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Figure 6. Association of miR-124 and circHIPK3. A) qPCR was performed to measure the expression of miR-124 in serum samples from CML patients
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performed to analyze the targets of miR-124 in K562 cells. D) qPCR was performed to measure the expression of IGF2BP3, BAGALT1 and nuclear
factor-kB (NF-kB) p65 after miR-124 mimics transfection in K562 cells. *p<0.05.

cell cycle progression, and induced cellular apoptosis
by sponging miR-607, leading to the inactivation of the
Wnt/B-catenin pathway [12]. Here, we firstly revealed that
high circHIPK3 was associated with poor outcome of CML
patients and may be an independent prognostic factor for
CML progression. Knockdown of circHIPK3 inhibited cell
proliferation and induced cell apoptosis. Several studies
have investigated the role of circHIPK3 on various types
of cancer. However, it seems that the role of circHIPK3 is
cancer-specific. CircHIPK3 is upregulated in lung cancer,
nasopharyngeal carcinoma, glioma, epithelial ovarian
cancer, hepatocellular carcinoma and colorectal cancer [6-7,
9-10, 13-14], but it is downregulated in bladder cancer,
osteosarcoma [8, 15]. CircHIPK3 exhibited its oncogenic
role by sponging miR-124, miR-654, miR-7 [6, 10, 14], and
acted as a tumor suppressor by binding to miR-558 [15].
MiR-124 has been demonstrated as tumor suppressor in
many cancers, including CML, which is involved in p53
signaling and NF-kB pathway [16-18]. In recent study,
we found that the expression of miR-124 was significantly
decreased in serum samples from CML patients compared
with healthy donors. Importantly, miR-124 levels were

negatively correlated with circHIPK3 in CML patients. In
addition, luciferase reporter gene assay and qPCR validated
that BAGALT1 and nuclear factor-kB (NF-«kB) p65 were the
direct targets of miR-124. These genes have been reported
as targets of miR-124 in glioma, B-cell lymphomas and
CML [16, 18], suggesting that circHIPK3/miR-124 axis may
through these genes to exhibit their functions.

In conclusion, our study firstly identified that circHIPK3
was significantly upregulated in CML PBMC and serum
samples and might serve as a novel biomarker for CML. Our
findings also provide a new insight of circHIPK3 on CML
and a novel target for CML treatment.
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