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OPEN aACCESS Mechanisms involved in non-coding RNAs have been implicated in multidrug resistance
(MDR) of acute myeloid leukemia (AML). Long non-coding RNA (IncRNAs) colorectal neo-
plasia differentially expressed (CRNDE) is reported to be involved in the malignant pro-
gression in AML. The purpose of the present study is to explore the roles and potential
molecular mechanism of CRNDE in the MDR in AML. In our study, we confirmed that the
expression of CRNDE was significantly up-regulated in patients with AML, especially in
AML patients after adriamycin (ADR)-based chemotherapy. Spearman correlation analysis
showed a positive correlation between the levels of CRNDE and MDR1 in AML patients af-
ter ADR-based chemotherapy. Moreover, CRNDE was up-regulated in AML cells, especially
in ADR-resistant AML cells. Multidrug resistance protein 1 (MDR1)/p-glycoprotein (P-gp)
levels were significantly increased in ADR-resistant AML cells, compared with parental AML
cells. CRNDE down-regulation inhibited cell proliferation, promoted apoptosis, reduced Ki67
expression and enhanced cleaved caspase-3 expression in AML and ADR-resistant AML
cells. In addition, CRNDE knockdown led to down-regulation of P-gp/MDR1, {3-catenin,
c-Myc and cyclinD1 expression, and enhanced the drug sensitivity to ADR in ADR-resistant
AML cells. In conclusion knockdown of CRNDE suppresses proliferation and P-gp-mediated
MDR in ADR-resistant AML cells via inhibiting the Wnt/-catenin pathway, suggesting that
repression of CRNDE might be a therapeutic target to reverse MDR of ADR-resistant AML
cells.

Introduction
Acute myeloid leukemia (AML) is an aggressive hematopoietic system malignant disease, characterized
by the clonal proliferation of myeloid precursors. AML still remains challenging to treat owing to patient
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Long non-coding RNAs (IncRNAs) are RNAs that lack coding potential and are a heterogeneous class of transcripts
longer than 200 nucleotides [4]. Growing data have indicated that abnormal regulation of IncRNAs is involved in var-
ious types of diseases, including cancer [5,6]. Dysregulation of IncRNAs has been reported to be involved in manifold
cellular processes including cell proliferation, apoptosis, invasion, migration, and metastasis in many cancers [7]. In-
creasing evidence has shown that IncRNAs are linked to drug resistance or sensitivity and plenty of researches are
concentrating on uncovering the definite molecular mechanism of IncRNA-modulated drug resistance [7]. Many
IncRNAs have been reported to be involved in chemotherapy resistance of cancer cells, including hepatocellular car-
cinoma cells [8], human lung adenocarcinoma cells [9] and AML cells [10]. LncRNA CRNDE (CRNDE) is a gene
locus hCG_1815491 on chromosome 16 located on the strand opposite to the adjacent IRX5 gene and first confirmed
to be elevated in colorectal adenomas [11]. The up-regulated CRNDE has been confirmed as a biomarker for AML
and contributes to the malignant progression in AML cell line U937 [12]. However, the roles and specific mechanism
of CRNDE in MDR in AML remains completely unclear.

In the present investigation, we explored the expression of CRNDE in peripheral blood monouclear cells (PBMCs)
of patients with AML and after adriamycin (ADR)-based chemotherapy and parental as well as ADR-resistant AML
cells. Further, we investigated the association between CRNDE expression and MDR-associated protein, multidrug
resistance protein 1 (MDR1), and assessed the effects and potential mechanisms of CRNDE on proliferation and
chemoresistance of AML cells. The results in the present study may contribute to a novel therapeutic strategy for
reversing MDR in patients with AML.

Materials and methods

Patients and specimens

Twenty-nine patients who were diagnosed with AML at the First Affiliated Hospital of Zhengzhou University and ten
healthy volunteers were enrolled into the present study. PBMC samples were collected from the AML patients before
and after ADR-based chemotherapy between May 2016 and June 2017. All samples were enriched for mononuclear
cells were purified from peripheral blood samples by standard Ficoll-Hypaque density gradient centrifugation from
10 to 40 ml PBS according to the reported methods [13] and then stored at —80°C until use. The study was approved
by the Ethics Committee of the First Affiliated Hospital of Zhengzhou University. Written informed consent was
obtained from the parent or legal guardian in accordance with the Helsinki Declaration.

Cell culture

The human AML cell lines HL60, Kasumi-1, ADR-resistance HL60/ADR and human bone marrow stromal HS-5
cells were purchased from the Chinese Academy of Sciences (Shanghai, China). All cells were maintained by
Dulbeccos modified Eagle’s medium (DMEM; Life Technologies, Darmstadt, Germany) supplemented with 10%
heat-inactivated fetal bovine serum (FBS; Gibco, Waltham, MA), 100 U/ml penicillin and 100 U/ml streptomycin
in a humidified atmosphere of 5% CO, at 37°C. To gain ADR-resistance Kasumi-1/ADR, ADR (Sigma, St. Louis,
MO, U.S.A.) was used to treat Kasumi-1 cells at increasing concentrations of 0.2, 0.4, 0.8 and 1.6 uM. The HL60/ADR
and Kasumi-1/ADR cells were cultured in the presence of 0.8 uM ADR. Before the experiment, ADR was withdrawn
from the cells for 2 weeks. The cells were cultured in ADR-free medium for 2 weeks for further experiments before
experiments.

Lentivirus infection

Lentiviruses expressing short hairpin (sh) RNA targeting CRNDE, Wnt5a, and their corresponding controls were
purchased from Gene Pharma (Shanghai, China), named sh-CRNDE, Lv-Wnt5a, Lv-Ctrl and sh-Ctrl, respectively.
To obtain stable cell lines, 2 x 10* HL60 and HL60/ADR cells were plated in 24-well plates, and after 24 h, the cells
were infected with the recombinant lentiviruses (200 pl of viral supernatant) at 37°C for 2 days.

RNA extraction and real-time quantitative RT-PCR

Total RNA was extracted from PBMCs, HL60, Kasumi-1, HL60/ADR, HS-5, HL60 transfected with sh-CRNDE and
HL60/ADR transfected with sh-CRNDE cells. Total RNA extraction was performed using TRIzol reagent (Invitrogen,
Karlsruhe, Germany) according to the manufacturer’s instructions. Then, reverse-transcribed into cDNA using the
reverse transcription kit from Applied Biosystems (Foster City, CA, U.S.A.). The obtained cDNA was amplified in
an ABI Prism 7900HT Fast Real-Time PCR System. mRNA relative expression levels of each gene were represented
by 2744¢ method, and (-action was used as the internal reference. The primers used for qRT-PCR were as follows:
CRNDE sense, 5'-TGA AGG AAG GAA GTG GTG CA-3' and antisense, 5'-TCC AGT GGC ATC CTA CAA GA-3';
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MDRI sense, 5'-CCC ATC ATT GCA ATA GCAGG-3’ and antisense, 5'-GTT CAA ACT TCT GCT CCT GA-3';
[-actin: sense, 5'-GAC TTA GTT GCG TTA CAC CCT TTC-3' and antisense, 5'-TGC TGT CAC CTT CAC CGT
TC-3'.

For semi-quantitative PCR analyses, specific DNA fragments of CRNDE and {3-actin were visualized by agarose
gel electrophoresis.

Western blot analysis

Cells were lysed in RIPA lysis buffer with proteinase inhibitor cocktail (Boster, Wuhan, China) and total proteins were
extracted. Proteins were quantified using the BCA protein assay (Pierce, Rockford, IL, U.S.A.). Forty micrograms of
proteins were separated by 10% SDS/PAGE, transferred on to PVDF membranes (Millipore, Billerica, MA, U.S.A.) and
immune blotted with the respective primary antibodies at 4°C overnight. After washing three times, the membranes
were incubated with HRP-linked secondary antibody at room temperature for 1 h. Protein bands were signaled using
a chemiluminescence (ECL) reagent (Beyotime Biotechnology). The following antibodies were used in the present
study with the respective concentration: p-glycoprotein (P-gp) (1:1000; Cell Signaling Technology, Danvers, MA,
U.S.A.), Ki67 (1:200; Santa Cruz Biotechnology, Santa Cruz, CA), cleaved caspase-3 (1:1000; Cell Signaling Technol-
ogy), 3-catenin (1:400; Santa Cruz Biotechnology), c-Myc (1:1000; Cell Signaling Technology), cyclinD1 (1:800; Santa
Cruz Biotechnology), 3-actin (1:1000; Cell Signaling Technology), and IgG-horseradish peroxidase (HRP) (1:4000;
Santa Cruz Biotechnology).

Methyl-thiazol tetrazolium assays

Cell proliferation was determined using the methyl-thiazol tetrazolium (MTT) assays. The infected cells were plated
at a density of 1 x 10* cells/well into 96-well plates and cultured for the indicated times (0, 1, 2, 3 days). Then, 20 ul
of MTT (Sigma-Aldrich, St. Louis, MO, U.S.A.) was added into each well and incubated for 4 h. Subsequently, 200 pl
of DMSO (Tianjin Beilian Reagent Co., Ltd., China) was added into all wells to dissolve the formazan crystals. The
determination of optical density (OD) values was conducted at 490 nm at different time points using a microplate
reader absorbance test plate (Molecular Devices, Sunnyvale, CA, U.S.A.).

Ethynyl-2'-deoxyuridine assays

Ethynyl-2'-deoxyuridine (EdU) assays were performed with EAU assay kit (Life Technologies Corporation, Carlsbad,
CA, US.A.). Cells were cultured in 24-well plates with fresh laminin (Sigma-Aldrich, St. Louis, MO, U.S.A.) and
incubated with EdU (final concentration, 10 uM) and Hoechst 33342 (5 uM) for 2 h according to the manufacturer’s
instructions. Then the cells were fixed in 4% paraformaldehyde for 30 min at room temperature in the dark. Finally,
the cells were observed and captured under an Olympus BX-51 microscope (Olympus, Tokyo, Japan). The number of
EdU-positive cells was counted. The EAU incorporation rate was expressed as the ratio of EAU positive cells (green
cells) to total Hoechst positive cells (blue cells).

Flow cytometry assays

Cells were cultured for 48 h, and then were harvested, washed, and resuspended in pre-cold PBS. Apoptotic cells
were identified by staining with Annexin V-PE/7-AAD (BD Pharmingen, Franklin Lakes, NJ, U.S.A.) according to the
manufacturer’s instructions. The stained cells were analyzed by fluorescence activated cell sorting (FACS) (Beckman
Coulter, Brea, CA, US.A.).

Cytotoxicity assays
After 48 h of ADR drug treatment, cell viability of the infected cells was detected by MTT assays.

Statistical analysis

All data were presented as mean plus standard deviation (SD). Statistical analyses were conducted using SPSS 21.
Statistical differences between two groups were calculated by the Student’s f test. Pearson correlation coefficients
were used to detect the relationship between CRNDE and MDR1 expression. P-value of <0.05 was considered as
significant.
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Figure 1. CRNDE expression was up-regulated and positively associated with MDR1 expression in 29 AML patients

(A) The expression of CRNDE in AML patients was detected by qRT-PCR. (B) CRNDE expression in five cases of the randomly
selected AML patients was measured by semi-quantitative analyses. (C) The expression of CRNDE in 19 AML patients before and
after ADR-based chemotherapy was determined by qRT-PCR. (D) MDR1 level in 19 AML patients after ADR-based chemother-
apy was detected by gRT-PCR. Pearson correlation coefficient was used to detect the relationship between CRNDE and MDR1
expression. *P<0.05.

Results
CRNDE expression was up-regulated and positively associated with

MDR1 expression in AML patients

The expression of CRNDE in PBMCs from AML patients was measured by gqRT-PCR. As shown in Figure 1A, a
remarkable increase in CRNDE was observed in AML patients compared with healthy control. Moreover, the re-
sults from semi-quantitative analyses disclosed that CRNDE expression was also significantly higher in five cases of
the randomly selected AML patients than that in healthy control (Figure 1B). To determine whether expression of
CRNDE is associated with AML drug resistance, the CRNDE and MDR1 expression was further detected by quan-
titative real-time polymerase chain reaction (QRT-PCR) in AML patients before and after ADR-based chemother-
apy. qRT-PCR analyses showed that CRNDE level in AML patients after ADR-based chemotherapy was significantly
up-regulated (Figure 1C). Furthermore, a significant positive correlation between the CRNDE level and MDR1 level
was observed in AML patients after ADR-based chemotherapy (Figure 1D). The results indicated that CRNDE might
affect drug resistance of AML patients.

Expression profiles of CRNDE and MDR1 in AML cell lines

The levels of CRNDE in two ADR-resistant cell lines (HL60/ADR and Kasumi-1/ADR cells) compared with par-
ent cell lines (HL60 and Kasumi-1 cells) were analyzed by qRT-PCR. Results from qRT-PCR analyses showed that
CRNDE expression was significantly up-regulated in two ADR-resistant cell lines compared with drug-susceptible
parental cell lines (Figure 2A). In addition, MDR1/P-gp expression in two ADR-resistant cell lines was determined
by qRT-PCR and Western blot analyses. As shown in Figure 2B,C, MDR1/P-gp expression was significantly increased
in two ADR-resistant cell lines compared with parental cell lines. These data further suggested that CRNDE might
participate in drug resistance of AML.

Knockdown of CRNDE inhibited proliferation and promoted apoptosis in

AML cell lines

To explore the roles of CRNDE in AML cells, CRNDE was knocked down in HL60 and HL60/ADR cells and some
functional experiments were performed. As shown Figure 3A, CRNDE level was significantly reduced in sh-CRNDE
transfected HL60 and HL60/ADR cells compared with their corresponding controls. Then, MTT and EdU assays
were performed to detect the proliferative capabilities of AML cell lines. These results revealed that a reduced capa-
bility to proliferate in sh-CRNDE transfected HL60 and HL60/ADR cells compared with their control groups (Figure
3B,C). Moreover, Western blot analyses showed that knockdown of CRNDE significantly suppressed the expression of
proliferation-related protein Ki67 (Figure 3D). In addition, flow cytometry assays were conducted to detect the effect
of knockdown of CRNDE on apoptosis in HL60 and HL60/ADR cells. Apoptosis rates in HL60 and HL60/ADR cells
transfected with sh-CRNDE were significantly increased compared with their controls (Figure 3E). Furthermore,
Western blot analyses showed that the expression of cleavage caspase-3 was obviously up-regulated in sh-CRNDE
transfected HL60 and HL60/ADR cells (Figure 3F). These results suggested that knockdown of CRNDE inhibited
proliferation and promoted apoptosis in AML and ADR-resistant AML cells.
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Figure 2. Expression profiles of CRNDE and MDR1 in AML cell lines

(A) gRT-PCR was used to detect the CRNDE expression in two ADR-resistant cell lines (HL60/ADR and Kasumi-1/ADR cells) and
their parent cell lines. (B,C) gRT-PCR and Western blot assays were used to measure the MDR1/P-gp expression levels in two
ADR-resistant cell lines (HL60/ADR and Kasumi-1/ADR cells) and their parent cell lines. *P<0.05.

Knockdown of CRNDE enhanced the chemosensitivity of AML cells in

vitro

To investigate the effects of CRNDE on chemosensitivity in AML cells, CRNDE was knocked down in HL60/ADR
cells. Further, the MDR1/P-gp expression was measured by qRT-PCR and Western blot analyses and the results
showed that CRNDE knockdown remarkably repressed MDR1/P-gp expression in HL60/ADR cells (Figure 4A,B). To
further assess the sensitivity to ADR in HL60/ADR cells, cytotoxicity assays were performed. Interestingly, CRNDE
knockdown enhanced the sensitivity to ADR in HL60/ADR cells (Figure 4C). Moreover, the ICs, values in HL60/ADR
cells transfected with sh-CRNDE were obviously reduced compared with sh-Ctr group (Figure 4D). These results
showed that CRNDE knockdown constrained drug resistance in AML cells.

Knockdown of CRNDE promoted the chemosensitivity of AML cells

through inactivating the Wnt/3-catenin pathway

A previous study has reported that inhibition of the Wnt/{3-catenin signaling induced by CRNDE knockdown can
reduce the chemoresistance of colorectal cancer (CRC) cells [14]. To investigate whether CRNDE affects chemosen-
sitivity of AML cells, Western blot assays were conducted to detect the expression of intracellular signal transducer
[3-catenin and its downstream target genes (c-Myc and cyclinD1) in the Wnt/{3-catenin pathway in HL60/ADR
cells. Results from Western blot analyses showed that CRNDE down-regulation obviously repressed the expression
of (3-catenin, c-Myc, and cyclinD1 in HL60/ADR cells (Figure 5A). Moreover, Wnt5a overexpression (Wnt5a can
activate the Wnt/[3-catenin signaling) significantly promoted the expression of (3-catenin, c-Myc, and cyclinD1 in
HL60/ADR cells (Figure 5B). Interestingly, Wnt5a overexpression inversed the inhibitory effect of CRNDE knock-
down on P-gp expression in HL60/ADR cells (Figure 5C). Furthermore, Wnt5a overexpression inversed the positive
effect of CRNDE knockdown on the sensitivity to different concentrations of ADR in HL60/ADR cells (Figure 5D).
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Figure 3. Knockdown of CRNDE inhibited proliferation and promoted apoptosis in AML cell lines

(A) CRNDE expression was detected by qRT-PCR in HL60/ADR and parent cell lines transfected with sh-CRNDE. (B) Cell prolif-
eration of the transfected HL60/ADR and parent cells was detected by MTT assays. (C) EdU assays were conducted to assess
cell proliferation of the transfected HL60/ADR and parent cells. (D) Western blot was used to detect expression of Ki67 in the
transfected HL60/ADR and parent cells. (E) The apoptosis in the transfected HL60/ADR and parent cells was detected by flow
cytometry assays. (F) Western blot was used to detect expression of cleaved caspase-3 in the transfected HL60/ADR and parent
cells. *P<0.05.

These results concluded that CRNDE knockdown enhanced the chemosensitivity of AML cells through repressing
the Wnt/[3-catenin pathway.

Discussion

AML is a hematopoietic malignancy with large heterogeneity both in cell genetics and molecular genetics, and
chemoresistance resulting from frequent secondary AML tends to result in poor prognosis of patients with AML
[3]. Clinically, MDR remains one of the main obstacles to gain successful tumor chemotherapy. Some studies have re-
vealed that mechanisms of MDR include alteration of the cell environment, suppression of apoptosis and drug efflux
mediated by ABC transporters [15]. In our present study, we focused on exploring the expression of CRNDE in AML
patients and investigating the association between CRNDE expression and MDR-associated protein, MDR1, and the
effects and potential mechanisms of CRNDE on proliferation and chemoresistance of AML cells.

With the accumulating understanding of the IncRNA function, increasing evidence has indicated that IncRNAs
are involved in multiple cellular processes such as proliferation, migration, invasion, apoptosis and chemoresistance
in cancers [16-18]. CRNDE was first confirmed as a functional IncRNA gene in CRC [19]. Increasing evidence has
shown that CRNDE is involved in modulating cancer cell proliferation, migration, invasion, apoptosis, and chemore-
sistance [20-22]. For example, in CRC, CRNDE has been reported to modulate progression and chemoresistance of

(© 2020 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).



Bioscience Reports (2020) 40 BSR20193450 °
https://doi.org/10.1042/BSR20193450 '. (] EROE%ELAND
°

(A) s, (B)
. . HLGO/ADR 154 HL6O/ADR

-
o
I

1.0 P

0.5 0.5

Relative MDR1 level
Relative P-gp level

0.0-

0.0° <h-CRNDE sh-Ctrl sh-CRNDE

(C) (D)
1207 HL60/ADR 40+

" * , HLBO/ADR
1

90+

60

- sh-Ctrl
30{ e sh-CRNDE *

Relative cell viability
(% of control)

=

0 5 1I(] 20 40
ADR (M) sh-Ctrl sh-CRNDE

Figure 4. Knockdown of CRNDE promoted the chemosensitivity of AML cells in vitro

(A,B) MDR1/P-gp expression levels in HL60/ADR cells transfected with sh-CRNDE. (C) Cell viability of HL60/ADR cells transfected
with sh-CRNDE in response to different concentrations of ADR was detected by MTT assays. (D) The ICs5q values of cells were
calculated. *P<0.05.
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Figure 5. Knockdown of CRNDE promoted the chemosensitivity of AML cells through constraining the Wnt/(3-catenin
pathway

(A) Western blot was used to detect the expression of 3-catenin, c-Myc and cyclinD1 in HL60/ADR cells transfected with sh-CRNDE.
(B) The expression of B-catenin, c-Myc and cyclinD1 in HL60/ADR cells transfected with Lv-Wnt5a. (C) P-gp expression in
HL60/ADR transfected with sh-CRNDE or/and Lv-Wnt5a. (D) Cell viability of HL60/ADR cells transfected with sh-CRNDE or/and
Lv-Wnt5a in response to different concentrations of ADR was detected by MTT assays. *P<0.05.
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CRC through regulating miR-181a-5p expression and activating the Wnt/[3-catenin signaling [14]. A previous study
has shown that CRNDE is highly expressed in gastric cancer (GC) cell lines and tissues and CRNDE overexpression
promotes cell proliferation [23]. Furthermore, IncRNAs, including CRNDE, have been reported to function in AML
pathogenesis [12,24]. In our present study, up-regulation of CRNDE and a positive correlation between the levels of
CRNDE and MDR1 were observed in patients with AML, especially in AML patients after ADR-based chemother-
apy, which revealed that CRNDE was involved in the development of MDR in AML. To explore the association
between CRNDE and chemoresistance in vitro, loss of CRNDE function assays were performed in ADR-resistant
AML cells. Our results showed that CRNDE down-regulation inhibited cell proliferation and promoted apoptosis in
ADR-resistant AML cells, which was consistent with a previous research [12].

Involved in multiple cancer-related signaling pathways, CRNDE plays important roles in development of cancers
[25-27]. Some evidence has revealed that CRNDE can modulate the progression and chemoresistance of cancers by
regulating the Wnt/[3-catenin signaling [14,28]. Mounting studies have exhibited that the Wnt/f3-catenin signaling
is involved in cell proliferation and chemoresistance. The Wnt/[3-catenin pathway regulates expression and function
of many proteins that are necessary for leukemia cell MDR [29]. Moreover, some evidence has shown that the main-
taining of MDR in cancer cells by the Wnt/(3-catenin pathway is significantly related to P-gp [30,31]. Notably, our
results showed that CRNDE knockdown led to down-regulation of P-gp/MDRI1 and enhanced the drug sensitivity
to ADR in AML and ADR-resistant AML cells. The specific downstream genes of Wnt/[3-catenin pathway (c-Myc
and cyclinD1) have been reported to play a crucial role in cell functions [32,33]. Therefore, to further explore the po-
tential molecular mechanism, we detected the expression of P-gp/MDRI, (3-catenin, c-Myc and cyclinD1 in treated
ADR-resistant AML cells. We found that CRNDE down-regulation enhanced the sensitivity to ADR in ADR-resistant
AML cells through inactivating the Wnt/[3-catenin pathway.

In conclusion, our findings concluded that CRNDE down-regulation inhibited cell proliferation and
P-gp-mediated MDR in AML via repressing the Wnt/[3-catenin pathway, suggesting that repression of CRNDE might
be a therapeutic target to reverse MDR of ADR-resistant AML cells. The underlying mechanisms of chemotherapy
resistance will help to find novel targets to reverse MDR in AML.
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