Am J Cancer Res 2017;7(5):1054-1067
www.ajcr.us /ISSN:2156-6976/ajcr0052222

Original Article

CEBPA-mediated upregulation of the IncRNA PLIN2
promotes the development of chronic myelogenous
leukemia via the GSK3 and Wnt/3-catenin

signhaling pathways

Chengming Sun?, Shuping Luan?, Guili Zhang*, Na Wang?, Huiyuan Shao?, Caifu Luan*

1Department of Clinical Laboratory, Yantai Yuhuangding Hospital Affiliated to Qingdao University Medical College,
Yantai 264000, Shandong Province, China; 2Rongcheng Shidao People’s Hospital, Weihai 264200, Shandong
Province, China

Received March 5, 2017; Accepted March 22, 2017; Epub May 1, 2017; Published May 15, 2017

Abstract: Accumulating evidence has shown that long noncoding RNAs (IncRNAs) are significant regulators of mul-
tiple cellular processes, including the development of chronic myelocytic leukemia (CML). However, the mechanism
of how the IncRNA PLIN2 affects CML development remains unclear. In this study, we aimed to investigate the
potential roles of CEBPA-mediated upregulation of PLIN2 in the process of CML development by regulating the
GSK3 and Wnt/B-catenin signaling pathways. We found that both CEBPA and PLIN2 were expressed at significantly
higher levels in CML. Simultaneously, we found that CEBPA upregulated the expression of PLIN2 and that there
was a positive correlation between CEBPA and PLIN2 in CML patients. CEBPA promoted the progression of CML by
upregulating PLIN2. We also found that PLIN2 increased the expression levels of AKT, p-AKT, GSK-3j, B-catenin and
Axin2/Conductin as well as promoted the progression of CML via the GSK3 and Wnt/p-catenin signaling pathways
in vitro. Furthermore, we found that CEBPA-mediated upregulation of PLIN2 expression promotes tumor growth via
GSK3 and Wnt/B-catenin signaling in vivo. Therefore, our study provided a new theoretical basis for CML treatment

through the CEBPA/PLIN2 axis.
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Introduction

Chronic myeloid leukemia (CML) is a hemato-
poietic disorder that leads to the accumulation
of immature white blood cells in the bone mar-
row and peripheral blood [1-6]. The etiology of
CML is a reciprocal translocation between ch-
romosomes 9 and 22, which generates the
BCR-ABL oncogene that encodes a chimeric
oncoprotein with constitutive tyrosine kinase
activity. In addition, genetic changes contribute
to the malignant transformation driven by Bcr-
Abl [7] and cause increases in proliferation abil-
ity, changes in cell adhesion, inhibition of apop-
tosis and strengthening of bone marrow an-
giogenesis during the progression of the dis-
ease [8]. However, effective therapeutic targets
have still not been found for CML. At present,
some side-effects, such as diarrhea and aller-
gic reactions, are still serious problems in the

clinical management of CML patients [9]. Th-
erefore, a better understanding of the molecu-
lar mechanism responsible for CML develop-
ment and progression as well as improved ther-
apeutic methods are extremely urgent.

An increasing number of studies has found that
noncoding RNAs (ncRNAs), which include long
noncoding RNA (IncRNA), microRNA (miRNA),
circular RNA (circRNA), small nucleolar RNA,
and ribosomal RNA, play critical roles in tumor
progression by regulating gene expression [10,
11]. Among them, IncRNAs are a recently dis-
covered class of non-coding RNAs longer than
200 nucleotides [12]. Many studies have indi-
cated that IncRNAs regulate gene expression
via transcriptional regulation, post-transcrip-
tional regulation, chromatin modifications and
genomic imprinting [13, 14]. Furthermore, accu-
mulating evidence has consistently indicated
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that IncRNAs exert specific effects in a variety
of cellular processes and therefore may con-
tribute to the development of cancer and other
human diseases [15, 16]. However, the role of
the IncRNA PLIN2 in CML progression is still
unknown.

CCAAT/enhancer-binding protein-a (CEBPA),
which is a key regulator of myeloid differentia-
tion, regulates many protein-coding genes [17-
19]. Recent research has expanded the analy-
sis of CEBPA transcriptional targets to the newly
identified class of long non-coding RNAs and
found that CEBPA upregulated the expression
of PLIN2 [20Q]. In the present study, we analyzed
the expression levels of PLIN2 in human CML
cell lines and blood samples from patients as
well as explored the effects of PLIN2 on the pro-
gression and prognosis of CML. In addition, we
also explored the role of the CEBPA/PLIN2 axis
on CML proliferation and apoptosis.

Materials and methods
Clinical specimens

Ninety-six patients with CML and ninety-six
healthy donors were included in this study.
Patients with CML and healthy volunteers were
recruited from 2014 to 2016 at Yantai Yu-
huangding Hospital affiliated with Qingdao
University Medical College. Informed consent
was signed by the participants, and this study
was approved by the ethics committee at Yantai
Yuhuangding Hospital affiliated with Qingdao
University Medical College.

Cell lines

HEK293T, KT-1/A3 and K562 cells were pur-
chased from the Institute of Biochemistry and
Cell Biology at the Chinese Academy of Sciences
(Shanghai, China). HEK293T cells were cul-
tured in Dulbecco’s modified Eagle’s medium
(DMEM, Invitrogen, Carlsbad, CA, USA); KT-1/
A3 and K562 cells were cultured in RPMI 1640
(Invitrogen, Carlsbad, CA, USA). All media were
supplemented with 10% fetal bovine serum
(FBS; Invitrogen, Carlsbad, CA, USA), penicillin
(100 U/ml), and streptomycin (100 pg/ml), and
all the cell lines were cultured at 37°C in an
appropriate incubator.

Lentiviral vector construction

Human CEBPA, PLIN2, GSK-3B3 and B-catenin
DNA was amplified from K562 cells by RT-PCR.
Then, the PCR products were inserted into a
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lentiviral vector with EGF DNA used as a con-
trol. Furthermore, we synthesized DNA frag-
ments for sShRNA and cloned the shRNAs into
pBluescript SK (+) plasmid containing a human
U6 promoter (pU6) after annealing. Then, the
U6-shRNA cassettes were subcloned into a len-
tiviral vector [21, 22]. shLuc was used as the
control. Lentiviral vectors expressing shRNAs
targeting either CEBPA or PLIN2 were generat-
ed. Then, the lentiviral vectors were packaged
in HEK293T cells by co-transfecting the cells
with packaging vectors (pCMV-VSVG, pMDLg/
pRRE and pRSV-REV). The produced lentivirus
was ultracentrifuged, concentrated, and vali-
dated.

Transduction

KT-1/A3 and K562 cells (5 x 10* cells/well)
were seeded in 24-well plates and transduced
with lentivirus supplemented with 8 yg/mL of
polybrene (Sigma-Aldrich Chemie, The Nether-
lands). KT-1/A3 cells were transduced with
either Lenti-GFP or Lenti-CEBPA, and K562 ce-
lls were transduced with either shLuc and
shCEBPA. Additionally, KT-1/A3 cells were trans-
duced with either Lenti-GFP or Lenti-PLIN2, and
K562 cells were transduced with either shLuc
or shPLIN2, respectively. G418 (Life Techno-
logies, 0.8 mg/mL) was used to select the cell
lines with stable expression.

For RNA interference, siRNAs for GSK-3 and
B-catenin as well as negative control siRNAs
were purchased from GenePharma (GenePh-
arma Co., Ltd., Shanghai, China). The sequenc-
es of selected regions to be targeted by siRNAs
for GSK-33 and -catenin were as follows: GSK-
3B-siRNA, 5’-CGA GGG AAC UGG UGG CCA UTT-
3’ (sense) and 5’-AUG GCC ACC AGU UCC CUC
GTT-3’ (antisense); and B-catenin, 5-AGC TGA
TAT TGA TGG ACA G-3’ (sense) and 5-CAG TTG
TGG TTA AGC TCT T-3’ (antisense). KT-1/A3 and
K562 cells (2 x 10° cells/well in a 6-well plate)
were cultured and transfected with 50 nM neg-
ative control (NC) siRNA, siGSK-3(3 or sip-
catenin using Lipofectamine 3000 (Invitrogen,
Carlsbad, CA, USA) according to the manufac-
turer’s instructions.

Quantitative real-time reverse transcription
PCR (qRT-PCR)

Total RNA was extracted using TRIzol reagent
(Invitrogen, CA, USA). A RevertAid First Strand
cDNA Synthesis kit (Thermo Fisher) was used
to synthesize cDNAs with random primers
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according to the manufacturer’s protocol. The
MRNA expression levels were detected using a
SYBR-Green PCR Master Mix kit (Takara) in the
PCR reaction. The primer sequences were as
follows: GAPDH, 5-TGT TCG TCA TGG GTG TGA
AC-3’ (forward) and 5-ATG GCA TGG ACT GTG
GTC AT-3’ (reverse; internal control); CEBPA,
5-TGG ATA AGA ACA GCA ACG AG-3’ (forward)
and 5-TCA CTG GTC AAC TCC AGC AC-3
(reverse); PLIN2, 5-TGC CTG TAA TCC CAG CTA
CT-3’ (forward) and 5-CCT GCC AGG GGA AAG
ATC TA-3’ (reverse); GSK-3B, 5-CGG GAT ATT
AAA CCG CAG AAC CTC-3’ (forward) and 5-TGG
TGC CCT ATA GTA CCG AGA ACA G-3’ (reverse);
and B-catenin, 5-CTT ACA CCC ACC ATC CCA
CT-3’ (forward) and 5-CCT CCA CAA ATT GCT
GCT GT-3’ (reverse).

Western blot analysis

Total protein was extracted from the treated
KT-1/A3 and K562 cells into a radio immuno-
precipitation assay (RIPA) buffer (Thermo Sci-
entific, Rockford, IL, USA) containing a protease
inhibitor cocktail (P8340; Sigma-Aldrich, St.
Louis, MO, USA). The proteins were separated
based on their molecular weight on SDS-PAGE
gels and transferred to a PVDF membrane
(PerkinElmer, Boston, MA). The PVDF mem-
brane was blocked for 2 hrs in 5% skim milk at
room temperature and probed with primary
antibodies overnight at 4°C. The next day, the
PVDF membrane was incubated with HRP-
conjugated secondary antibodies. Signals were
detected using an enhanced chemilumines-
cence (ECL) substrate kit (Amersham Biosci-
ences, Inc.) and an enhanced chemilumines-
cence Western blotting system (ComWin Biote-
ch, Beijing, China). The following antibodies we-
re used in this study anti-GAPDH (1:2000,
Santa Cruz Biotechnology, Santa Cruz, CA,
USA), anti-AKT (1:1000, Cell Signaling Techno-
logy, Danvers, MA), anti-p-AKT (1:200, Cell
Signaling Technology, Danvers, MA), anti-GSK-
3B (1:500, Abcam, Cambridge, MA, USA), anti-
B-catenin (1:500, BD Transduction Laborato-
ries, San Jose, CA) and anti-Axin2/Conductin
(1:200, Santa Cruz Biotechnology, Santa Cruz,
CA).

Cell proliferation
Cell proliferation was detected using methylthi-

azole tetrazolium (MTT). Treated KT-1/A3 and
K562 cells (3 x 102 cells/well) were cultured in
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96-well plates, and 20 uL of MTT solution (5
mg/ml) was added into each well at the indi-
cated time points. Then, the treated cells were
incubated for 4 hrs at 37°C. Dimethyl sulfoxide
(DMSO, 200 uL) was added to dissolve the pre-
cipitates. The absorbance value was detected
at 490 nm with a microplate reader.

Flow cytometry analysis of apoptosis

The transduced KT-1/A3 and K562 cells were
digested, dispersed, centrifuged, collected, wa-
shed with cold PBS and resuspended in 1 x
binding buffer at a concentration of 1 x 108
cells/mL. The apoptotic cell death rate was
measured by flow cytometry and double stain-
ing using phosphatidylethanolamine (PE) and
an annexin-V-FITC staining kit (BD Biosciences)
according to the manufacturer’s instructions.
The flow cytometry results were obtained by a
BD FACS Calibur cytometer (BD Biosciences)
and analyzed by using FlowJo software (Tree
Star, Ashland, OR). The flow cytometry results
were divided into four sections: viable cells,
dead cells, early stage apoptotic cells, and late
stage apoptotic cells.

In vitro migration and invasion assays

In vitro invasion and migration assays were per-
formed using Transwell chambers (pore size of
8 um; Costar, Corning, NY). Transduced cells
were resuspended in serum-free medium, and
200 pl of the cell suspension (4 x 10* cells) was
added to the upper chamber. Complete medi-
um was added to the bottom wells of the cham-
bers. After fixing and staining the cells on the
lower membrane with a dye solution containing
0.1% crystal violet and 20% methanol, the cells
were counted.

Tumor formation in nude mice

KT-1/A3 cells were transduced with Lenti-GFP,
Lenti-CEBPA, or Lenti-CEBPA and siPLIN2, and
K562 cells transduced with shLuc, sShCEBPA, or
shCEBPA and PLIN2. Cells (1 x 107 cells in 100
pl) were injected into 6-week-old BALB/c athy-
mic nude mice, which were purchased from the
Shanghai LAC Laboratory Animal Co. Ltd. Tu-
mors were excised and photographed after 40
days. Tumor volume was also measured at 10,
15, 20, 25, 30, 35, and 40 days after injection.
The tumors were then homogenized for use in
gRT-PCR and Western blotting. This study was
approved by the Institutional Committee for
Animal Research.
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Figure 1. CEBPA promotes the proliferation and inhibits apoptosis of CML. A. The expression levels of CEBPA were detected using qRT-PCR in CML patients (n = 96)
and healthy subjects (n = 96) (***P < 0.001). B. The receiver operating characteristic curve (ROC) was used to analyze the cut-off score of CEBPA expression. C.
qRT-PCR was used to detect the expression levels of CEBPA in KT-1/A3 cells transduced with either Lenti-GFP or Lenti-CEBPA (**P < 0.01). D. The mRNA expression
levels of CEBPA were measured by qRT-PCR in K562 cells transduced with either shLuc or shCEBPA (**P < 0.01). E. An MTT assay was performed to detect the

1057 Am J Cancer Res 2017;7(5):1054-1067



LncRNA PLIN2 in chronic myelogenous leukemia

proliferative ability of KT-1/A3 cells transduced with either Lenti-GFP or Lenti-CEBPA (**P < 0.01). F. The prolifera-
tive ability of K562 cells transduced with either shLuc or shCEBPA was measured by the MTT assay (**P < 0.01). G.
The apoptotic ability was measured by annexin V-FITC/PE staining in KT-1/A3 cells transduced with either Lenti-GFP
or Lenti-CEBPA. H. The apoptotic ability was detected by annexin V-FITC/PE staining in K562 cells transduced with

either shLuc or shCEBPA.
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Figure 2. CEBPA does not affect cell invasion and migration in CML cells. A. Transwell invasion and migration assays
were carried out using KT-1/A3 cells transduced with either Lenti-GFP or Lenti-CEBPA. The quantification of five
randomly selected fields is shown. B. Representative images are shown. C. Transwell invasion and migration assays
were carried out using K562 cells transduced with either shLuc or shCEBPA. The quantification of five randomly
selected fields is shown. D. Representative images are shown. NS indicates no significance between the two groups.

Statistical analysis

Statistical significance was analyzed using
GraphPad (GraphPad Prism Software, La Jolla,
CA, USA) and SPSS 20.0 software (variance
and Student’s t-test). All data are shown as the
means * SD. A P value < 0.05 indicated statisti-
cal significance.

Results

CEBPA promotes proliferation and inhibits
apoptosis of CML

To determine the effects of CEBPA on the prolif-
eration and apoptosis of CML, qRT-PCR was
first used to detect the expression levels of
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CEBPA in CML patients (n = 96) and healthy
subjects (n = 96). The results showed that
CEBPA expression was significantly higher in
CML patients compared with healthy donors (P
< 0.05, Figure 1A). The receiver operating char-
acteristic (ROC) curve was used to predict the
prognosis of CEBPA in CML, and the results
indicated that the area under the curve (AUC) of
CEBPA was 0.739 (P < 0.0001, Figure 1B), sug-
gesting that CEBPA expression could serve as a
molecular marker for CML. Second, KT-1/A3
cells were transduced with either Lenti-GFP or
Lenti-CEBPA, and K562 cells were transduced
with either shLuc and shCEBPA. The results
indicated that CEBPA levels were successfully
increased in KT-1/A3 cells (P < 0.0001, Figure

Am J Cancer Res 2017;7(5):1054-1067
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Figure 3. The IncRNA PLIN2 accelerates the proliferation and inhibits apoptosis of CML. A. Relative PLIN2 expres-
sion levels were detected by qRT-PCR in CML patients and healthy subjects (***P < 0.001). B. The receiver oper-
ating characteristic (ROC) curve predicted the prognosis of PLIN2 in CML, and the area under the ROC curves of
PLIN2 was 0.692 (P < 0.0001). C. PLIN2 levels were examined by qRT-PCR in KT-1/A3 cells transduced with either
Lenti-GFP or Lenti-PLIN2 (**P < 0.01). D. The expression levels of PLIN2 were measured by gRT-PCR in K562 cells
transduced with either shLuc or shPLIN2 (**P < 0.01). E. MTT assays revealed the cell growth curves of the trans-
duced KT-1/A3 cells (***P < 0.001). F. MTT assays revealed the cell growth curves of the transduced K562 cells
(***P < 0.001). G. The apoptotic ability was measured by annexin V-FITC/PE staining in transduced KT-1/A3 cells.
H. The apoptotic ability was detected by annexin V-FITC/PE staining in transduced K562 cells.

1C) and that the expression levels of CEBPA
were significantly decreased in K562 cells
transduced with shCEBPA than with shLuc (P <
0.0001, Figure 1D). Furthermore, the prolifera-
tive abilities of KT-1/A3 and K562 cells were
detected by the MTT assay, and the results
showed that overexpression of CEBPA promot-
ed the proliferative capacity of KT-1/A3 cells (P
< 0.0001, Figure 1E) and that silencing CEBPA
by lentivirus inhibited the proliferative ability of
K562 cells (P < 0.0001, Figure 1F). The apop-
tosis ability was then detected by annexin V-
FITC/PE staining, and we found that overex-
pression of CEBPA inhibited the apoptosis
capacity of KT-1/A3 cells (P < 0.0001, Figure
1G) whereas silencing CEBPA by lentivirus
accelerated the apoptotic ability of K562 cells
(P <0.0001, Figure 1H).

CEBPA levels do not affect cell invasion and
migration in CML cells

To determine if CEBPA affects cell invasion and
migration, we performed Transwell assays in
KT-1/A3 cells transduced with either Lenti-GFP
or Lenti-CEBPA as well as in K562 cells trans-
duced with either shLuc or shCEBPA. The inva-
sion and migration assays indicated that over-
expression of CEBPA did not significantly
influence KT-1/A3 cell invasion and migration
at 48 hrs after transduction compared to the
control cells (Figure 2A, 2B). Similar results
were found in the K562 cells transduced with
shCEBPA (Figure 2C, 2D).

The IncRNA PLIN2 accelerates proliferation
and inhibits apoptosis of CML

At the same time, we explored the effects of
PLIN2 on the proliferation, apoptosis, invasion
and migration of CML cells. First, we detected
the relative expression levels of PLIN2 using
gRT-PCR in CML patients and healthy donors
and found that PLIN2 was significantly expre-
ssed at higher levels in CML patients compared
with healthy donors (P < 0.05, Figure 3A). The
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AUC of PLIN2 was 0.692 (P < 0.0001, Figure
3B), suggesting that PLIN2 expression could
act as a molecular marker for CML. Then, KT-1/
A3 cells were transduced with either Lenti-GFP
or Lenti-PLIN2, and K562 cells were trans-
duced with either shLuc or shPLIN2. The results
indicated that PLIN2 levels were successfully
increased in KT-1/A3 cells (P < 0.0001, Figure
3C) and that the expression of PLIN2 was sig-
nificantly decreased in K562 cells transduced
with shCEBPA than with shLuc (P < 0.0001,
Figure 3D). Furthermore, the proliferative abili-
ties of KT-1/A3 and K562 cells were detected
by the MTT assay, and the results revealed that
overexpression of PLIN2 promoted the prolifer-
ative capacity of KT-1/A3 cells (P < 0.0001,
Figure 3E) but that silencing PLIN2 inhibited
the proliferative ability of K562 cells (P <
0.0001, Figure 3F). The apoptotic abilities of
KT-1/A3 and K562 cells were then detected by
annexin V-FITC/PE staining, and we found that
overexpression of PLIN2 inhibited the apoptotic
capacity of KT-1/A3 cells (P < 0.0001, Figure
3G) but that silencing PLIN2 using lentivirus
accelerated K562 cell apoptosis (P < 0.0001,
Figure 3H). Simultaneously, we also observed
that PLIN2 does not affect cell invasion and
migration of CML cells (Figure 4A-D).

CEBPA promotes the progression of CML by
upregulating PLIN2

In addition, we analyzed the correlation be-
tween CEBPA and PLIN2 using Pearson’s cor-
relation algorithm and found that there was a
positive correlation between CEBPA and PLIN2
in CML patients (R?2 = 0.372, P < 0.001, Figure
5A). We then detected the influence of CEBPA
on the expression of PLIN2 in KT-1/A3 and
K562 cells and found that the mRNA expres-
sion levels of PLIN2 were significantly increased
in KT-1/A3 cells transduced with Lenti-CEBPA
compared with those transduced with Lenti-
GFP (P < 0.0001, Figure 5B), while the mRNA
expression levels of PLIN2 were significantly
decreased in K562 cells transduced with sh-

Am J Cancer Res 2017;7(5):1054-1067
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Figure 4. PLIN2 does not affect cell invasion and migration in CML cells. A. Transwell invasion and migration assays
were carried out using KT-1/A3 cells transduced with either Lenti-GFP or Lenti-CEBPA. The quantification of five
randomly selected fields is shown. B. Representative images are shown. C. Transwell invasion and migration assays
were carried out using K562 cells transduced with either shLuc or shCEBPA. The quantification of five randomly
selected fields is shown. D. Representative images are shown. NS indicates no significance between the two groups.

CEBPA compared with those transduced with
shLuc (P < 0.0001, Figure 5C). To further study
the functions of CEBPA-mediated upregulation
of PLIN2 in CML, MTT assays were performed,
and we found that CEBPA increased KT-1/A3
cell proliferation and that siPLIN2 could rescue
this phenotype (P < 0.001, Figure 5D). Addi-
tionally, silencing CEBPA decreased KT-1/A3
cell proliferation, and PLIN2 could rescue this
loss of function (P < 0.001, Figure 5E). At the
same time, cell apoptosis was determined by
flow cytometry analysis with annexin V-FITC and
PE staining. The results revealed that siPLIN2
could rescue CEBPA-induced inhibition of apop-
tosis in KT-1/A3 cells (Figure 5F), while PLIN2
could rescue shCEBPA-induced apoptosis of
K562 cells (Figure 5G).

PLIN2 promotes the progression of CML via
GSK3 and Wnt/B-catenin signaling in vitro

Studies have reported that PLIN2 participates
in regulating the expression of proteins associ-
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ated with the Wnt and GSK3 signaling path-
ways. In our study, we detected the mRNA ex-
pression levels of GSK-33 and B-catenin in
transduced KT-1/A3 and K562 cells by using
gRT-PCR and found that overexpression of
PLIN2 increased the mRNA expression levels of
GSK-3B and B-catenin while silencing PLIN2
decreased the expression levels of GSK-33 and
B-catenin (P < 0.001, Figure 6A). In addition, a
Western blot assay was used to analyze the
protein expression levels of AKT, p-AKT, GSK-
3B, B-catenin and Axin2/Conductin in trans-
duced KT-1/A3 and K562 cells. The results
showed that overexpression of PLIN2 upregu-
lated the protein expression levels of AKT,
p-AKT, GSK-3p, B-catenin and Axin2/Conductin
(Figure 6B), whereas silencing PLIN2 downreg-
ulated the protein expression levels of AKT,
p-AKT, GSK-3p, B-catenin and Axin2/Conductin
(Figure 6C). The MTT results showed that GSK-
3pB-targeted and [-catenin-targeted siRNAs
could rescue PLIN2-mediated proliferation of

Am J Cancer Res 2017;7(5):1054-1067
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Figure 5. CEBPA promotes the progression of CML by upregulating PLIN2. A. The correlation between CEBPA and
PLIN2 expression was in CML patients analyzed by Pearson’s correlation (n = 96, R? = 0.372, P < 0.001). B. The
relative expression levels of PLIN2 were examined by gRT-PCR in KT-1/A3 cells transduced with either Lenti-GFP
or Lenti-CEBPA (***P < 0.001). C. The mRNA expression levels of PLIN2 were measured by qRT-PCR in K562 cells
transduced with either shLuc or shCEBPA (***P < 0.001). D. The proliferative ability was measured by the MTT as-
say in KT-1/A3 cells transduced with Lenti-GFP, Lenti-CEBPA, or Lenti-CEBPA and siPLIN2 (***P < 0.001). E. The
proliferative ability was measured by the MTT assay in K562 cells transduced with shLuc, shCEBPA, or shCEBPA and
PLIN2 (***P < 0.001). F. The apoptotic ability was detected by annexin V-FITC/PE staining in transduced KT-1/A3
cells. G. The apoptotic ability was detected by annexin V-FITC/PE staining in transduced K562 cells.
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Figure 6. PLIN2 promotes the progression of CML via GSK3 and Wnt/B-catenin signaling in vitro. (A) KT-1/A3 cells
were transduced with either Lenti-GFP or Lenti-PLIN2, and K562 cells were transduced with either shLuc or shP-
LIN2. gRT-PCR was used to detect the expression levels of GSK-33 and (-catenin (***P < 0.001). (B) Western blot
analysis of AKT, p-AKT, GSK-3[3, B-catenin and Axin2/Conductin protein levels in KT-1/A3 cells transduced with
either Lenti-GFP or Lenti-PLIN2; GAPDH was used as a reference protein. (C) Western blot analysis of AKT, p-AKT,
GSK-3[, B-catenin and Axin2/Conductin protein levels in K562 cells transduced with either shLuc or shPLIN2;
GAPDH was used as a reference protein. (D) The proliferative ability was detected by the MTT assay in KT-1/A3 cells
transduced with Lenti-GFP, Lenti-PLIN2, Lenti-PLIN2 and siGSK-3(, or Lenti-PLIN2 and sif3-catenin (P < 0.001). (E)
The proliferative ability was measured by the MTT assay in K562 cells transduced with shLuc, shPLIN2, shPLIN2
and GSK-3p, or shPLIN2 and B-catenin (P < 0.001). (F) The apoptotic ability was detected by flow cytometry in KT-1/
A3 cells transduced as described in (D). (G) The apoptotic ability was detected by flow cytometry in K562 cells trans-
duced as described in (E).

KT-1/A3 cells (P<0.001, Figure 6D). Meanwhile, rescue siPLIN2-mediated inhibition of K562
ectopic GSK-3 and B-catenin expression could cell proliferation (P < 0.001, Figure 6E). The
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Figure 7. CEBPA-mediated upregulation of PLIN2 promotes tumor growth via GSK3 and Wnt/B-catenin signaling in
vivo. A. KT-1/A3 cells were transduced with Lenti-GFP, Lenti-CEBPA, or Lenti-CEBPA and siPLIN2; K562 cells were
transduced with shLuc, shCEBPA, or shCEBPA and PLIN2. Nude mice were injected with transduced KT-1/A3 and
K562 cells, and then photographs of excised tumors at 40 days post-injection were obtained. B. The mean tumor
volume was measured at 10, 15, 20, 25, 30, 35 and 40 days in nude mice injected with transduced KT-1/A3 cells
(**P < 0.01 VS. Lenti-GFP group; ***P < 0.001 VS. Lenti-GFP group; ##P < 0.01 VS. Lenti-CEBPA group; ###P <
0.001 VS. Lenti-CEBPA group). C. The mean tumor volume was measured at 10, 15, 20, 25, 30, 35 and 40 days in
nude mice injected with transduced K562 cells (**P < 0.01 VS. shLuc group; ***P < 0.001 VS. shLuc group; ##P
< 0.01 VS. shCEBPA group; ###P < 0.001 VS. shCEBPA group). D. The mRNA expression levels of PLIN2, GSK-33
and B-catenin were measured by qRT-PCR in nude mice injected with transduced KT-1/A3 cells (***P < 0.001
VS. Lenti-GFP group; ###P < 0.001 VS. Lenti-CEBPA group). E. The mRNA expression levels of PLIN2, GSK-3(3 and
B-catenin were measured by gRT-PCR in nude mice injected with transduced K562 cells (***P < 0.001 VS. shLuc
group; ###P < 0.001 VS. shCEBPA group). F. Western blot analysis was used to detect the protein expression levels
of GSK-3[3 and B-catenin in nude mice injected with transduced KT-1/A3 cells. G. GSK-33 and B-catenin expression
levels were analyzed by Western blotting in nude mice injected with transduced K562 cells.

flow cytometry results revealed similar trends
(Figure 6F, 6G).

CEBPA-mediated upregulation of PLIN2
promotes tumor growth via GSK3 and Wnt/3-
catenin signaling in vivo

To study the effect of PLIN2 on CML cell prolif-
eration in vivo, KT-1/A3 cells were transduced
with Lenti-GFP, Lenti-CEBPA, Lenti-CEBPA or
siPLIN2, whereas K562 cells were transduced
with shLuc, shCEBPA, shCEBPA or PLIN2. Nude
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mice were injected with transduced KT-1/A3 or
K562 cells, and representative tumors were
photographed and excised at 40 days post-
injection (Figure 7A). CEBPA expression incre-
ased the tumor volume in nude mice injected
with transduced KT-1/A3 cells, while co-trans-
fection of CEBPA and PLIN2 siRNAs indicated
that siPLIN2 could abolish the effects of CEBPA
on CML tumor growth (Figure 7B). Silencing
CEBPA decreased the tumor volume in nude
mice injected with transduced K562 cells,
while co-transfection of shCEBPA and a PLIN2
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CEBPA

!

Figure 8. The gene network of CEBPA-mediated upregulation of PLIN2 in
CML. CEBPA upregulated PLIN2 expression; PLIN2 upregulated GSK-33 and
B-catenin expressions; and CEBPA-mediated upregulation of PLIN2 acceler-
ated proliferation as well as inhibited apoptosis via activation of GSK-33 and
B-catenin in CML.

expression plasmid showed that PLIN2 could
abrogate the inhibitory effect mediated by
silencing CEBPA (Figure 7C). In addition, we
detected the mRNA expression levels of PLIN2,
GSK-3p and B-catenin using qRT-PCR assay in
nude mouse tumors and found that CEBPA
could significantly increase the expression lev-
els of PLIN2, GSK-3B and B-catenin. While siP-
LIN2 could inhibit the effects of the CEBPA-
mediated increase (Figure 7D), Silencing CEBPA
could significantly decrease PLIN2, GSK-3f3 and
B-catenin expression levels in K562 cells, while
PLIN2 dramatically abolishes the effects medi-
ated by silencing CEBPA (Figure 7E). At the
same time, GSK-3p and B-catenin expression
levels were analyzed by Western blotting of
nude mouse tumors. The results showed that
the protein expression levels of GSK-3p and
B-catenin agreed with the corresponding mRNA
expression levels (Figure 7F, 7G). Therefore, we
concluded that within the CEBPA/PLIN2 axis in
CML, which is shown in Figure 8, CEBPA could
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upregulate PLIN2 expression,
while PLIN2 could upregulate
GSK-3B and B-catenin expres-
sion. Thus, the CEBPA/PLIN2
axis accelerates proliferation
and inhibits apoptosis throu-
gh activation of GSK-3f3 and
B-catenin in CML.

Discussion

LncRNAs are non-protein cod-
ing transcripts transcribed by
RNA polymerase 1l [23] that
play crucial roles in chromatin
structure as well as transcri-
ptional, posttranscriptional,
epigenetic, and translational
regulation of gene expression
[24-26]. Recent research has
indicated that IncRNAs are
involved in various biological
processes such as prolifera-
tion [27], carcinogenesis [28],
and human diseases [29-31].
Previously, multiple studies
have reported that InCRNA
expression is a crucial regula-
tor of CML progression and
plays an important role in
CML [32, 33]. In the present
study, we found that the novel
INncRNA PLIN2 serves as a key
regulator of CML and is expressed at signifi-
cantly high levels in CML as well as promotes
proliferation and inhibits apoptosis in CML. In
addition, PLIN2 overexpression was attributed
to upregulated CEBPA levels in CML. This novel
axis may provide new clues for the diagnosis
and treatment of CML.

Glycogen synthase kinase-3 (GSK-3) is a highly
conserved serine/threonine protein kinase that
can generate two related protein homologs
(GSK-3a and GSK-3B) [34]. GSK-3 has impor-
tant functions in many cellular processes via its
activity toward glycogen synthase [35]. Itis also
a major component of the Wnt signaling path-
way [35]. One domain on GSK-3 is closely relat-
ed to the Axin scaffolding protein, which binds
adenomatous polyposis coli (APC) and J-
catenin during its period of inactivity [36]. GSK-
3-mediated phosphorylation of B-catenin tar-
gets leads to their ubiquitination and proteos-
ome-mediated degradation [37]. Several target
genes of GSK-3, such as Axin2, act as a nega-
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tive-feedback regulators of Wnt signaling [38,
39]. A recent study has confirmed that the
growth of both myeloid and lymphoid lineage
leukemias is dependent on the Wnt signaling
pathway. In our study, we found that PLIN2
increased the mRNA expression levels of GSK-
3B and B-catenin and upregulated the protein
expression levels of AKT, p-AKT, GSK-3pB, B-
catenin and Axin2/Conductin; furthermore,
PLIN2 promoted the progression of CML via
GSK3 and Wnt/B-catenin signaling [40].

In conclusion, we observed these major find-
ings in the present study. 1) We identified that
the CEBPA-upregulated IncRNA PLIN2 in the
proliferation and apoptosis of CML act by regu-
lating the GSK3 and Wnt/B-catenin signaling
pathways. 2) We found that both CEBPA and
PLIN2 were upregulated in CML and may serve
as a diagnostic marker. 3) We indicated that
PLIN2 increased the expression levels of AKT,
p-AKT, GSK-3[, B-catenin and Axin2/Conductin.
4) We found that CEBPA-mediated upregulation
of PLIN2 promotes tumor growth via GSK3 and
Wnt/B-catenin signaling in vivo. These findings
suggest that PLIN2 may act as a carcinogenic
factor in the progression of CML by regulating
the GSK3 and Wnt/B-catenin signaling path-
ways and may provide a potential therapeutic
target for therapy CML in the future.
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