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High expression of Inc-CRNDE presents as

a biomarker for acute myeloid leukemia and
promotes the malighant progression in acute
myeloid leukemia cell line U937
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Abstract. - OBJECTIVE: To detect the ex-
pression of long non-coding RNA-CRNDE in pa-
tients with acute myeloid leukemia and its effect
on proliferation and apoptosis in acute myeloid
leukemia cell line U937.

PATIENTS AND METHODS: 81 cases of newly
diagnosed acute myeloid leukemia (AML) were
enrolled, and 35 non-malignant hematological
patients were selected as controls. Quantita-
tive RT-PCR (qRT-PCR) was performed to de-
tect the expression of IncRNA-CRNDE in the
bone marrow specimens of the subjects, and
the difference between the two groups was al-
so compared. The correlation between the ex-
pression of IncRNA-CRNDE and the sex, age,
classification and total survival of clinical pa-
tients was analyzed according to the clinical da-
ta. U937 cells and monocytes isolated from nor-
mal people were cultured, and the expression of
IncRNA-CRNDE in acute myeloid leukemia cell
line U937 and normal monocytes was compared.
SiRNA-CRNDE and pcDNA-CRNDE were trans-
fected into U937 cells, and cell counting kit-8
(CCK-8) assay was performed to detect prolifer-
ation of U937 cells, Annexin V/PI flow cytometry
was carried out to detect cell apoptosis. Cell cy-
cle was measured by flow cytometry.

RESULTS: The expression of IncRNA-CRNDE
in patients with AML and U937 cells was sig-
nificantly higher than that in non-malignant he-
matological controls. Results of clinical data
showed that the expression of IncRNA-CRNDE
was associated with the classification and to-
tal survival of myeloid leukemia in clinical pa-
tients. After transfection of siRNA-CRNDE, the
proliferation and cloning ability of U937 cells
decreased, while the apoptosis increased (p <
0.01) and cells were arrested in GO-G1 phase.
Meanwhile, after transfection of pcDNA-CRNDE,
the proliferation ability of U937 cells increased
significantly, which indicated that the expres-
sion of IncRNA-CRNDE might play an essential
role in promoting the proliferation of U937 cells.

CONCLUSIONS: LncRNA-CRNDE is highly ex-
pressed in the bone marrow tissues of AML pa-
tients, and the expression level is negatively
correlated with the total survival of those clinical
patients. Meanwhile, the expression is higher in
FAB type M4 and M5 than that in M1, M2 and M3.
LncRNA-CRNDE promotes the proliferation and
cell cycle of U937 cells, and inhibits cell apop-
tosis, which is expected to become a molecular
marker for predicting and treating AML.
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Introduction

Leukemia is one of the hematopoietic malig-
nancies commonly seen in children and young
adults. Its mortality rate ranks first among chil-
dren and tumor deaths under 35 years old'?.
Acute myeloid leukemia (AML) is mainly caused
by the malignant colony proliferation of the prim-
itive myeloid cells in the hematopoietic system?,
which is characterized by abnormal prolifera-
tion of marrow blasts and the inhibition of the
growth of normal hematopoietic cells*. Although
hematopoietic stem cell transplantation and the
emergence of some new drugs have shown some
therapeutic effects on AML?, there is still no cur-
able treatment for other types of AML except for
acute promyelocytic leukemia. Therefore, to find
new diagnostic targets and further exploration of
the pathogenesis is very important to improve the
efficacy of AMLS.

Long non-coding RNA (IncRNA) is a kind
of RNA with a length over 200 nt and has no
function of protein coding’. Kapranov et al® have
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found that only about 1/5 of human genome are
protein encoding genes, which implies that the
abundance of the non-coding RNA is at least four
times than that of the coding RNA. Nowadays,
around 520 thousand human IncRNAs have been
identified®®. Current studies have shown that
non-coding RNA functions a lot in regulating the
growth of organisms, cell differentiation, subcel-
lular distribution and human diseases', which
is specifically achieved by mechanisms of the
recruitment of chromatin remodeling complex,
regulation of transcription, promotion of trans-
lation and prevention of mRNA degradation''2.
In addition, various researchers have found that
IncRNA is also involved in the development and
progression of leukemia and other hematologi-
cal diseases". It participates in the proliferation,
apoptosis, and invasion of tumor cells by acting
the same role as oncogenes or tumor suppressor
genes!®15,

Based on the analysis of clinical data and func-
tional experiments, we found that the expression
of IncRNA-CRNDE was up-regulated in AML,
and it was correlated with the total survival
time and disease classification of patients. In
the present study, we detected the expression of
IncRNA-CRNDE in U937 cell line and normal
mononuclear cells by qRT-PCR. Also, we ob-
served the effects of IncRNA-CRNDE on prolif-
eration and apoptosis of U937 cell line by RNA
interference and overexpression.

Patients and Methods

Patients

A total of 116 patients treated in the Hematol-
ogy Department of our hospital from June 2015
to March 2017 were enrolled. Their bone marrow
specimens were collected and were approved by
the medical Ethics Committee. Moreover, the
informed consent of all patients was obtained. 81
AML patients were diagnosed as clarified AML
by the standard of the French-America-British
(FAB) and World Health Organization (WHO).
All the patients were initially treated without any
other malignancies and were not received other
anti-tumor therapies. The median age was 35.7
years (18 to 64 years), including 47 males and 34
females.

Cell Culture

The acute myeloid leukemia cell line (U937)
was provided by the American Type Collec-
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tion Center (ATCC, Manassas, VA, USA) and
cultured in completed Roswell Park Memori-
al Institute-1640 (RPMI-1640) (Gibco, Rock-
ville, MD, USA), supplemented with 10% fetal
bovine serum (FBS) (Gibco, Rockville, MD,
USA). The cells were grown at 37°C with 5%
CO,. When the cell fusion reached 80%, the
cell passage was performed, and the inocula-
tion density was 1:2.

Transfection of siRNA and pcDNA

The cells were seeded into the 6-well plates,
and Lipofectamine 2000 (Entranster-R4000
for pcDNA) was used for transfection when
the cell fusion (Confluence) was around 60%.
Firstly, 500 pL of serum-free suspension con-
taining 10 pL of Lipofectamine 2000 and 10
pL of siRNA-CRNDE with the concentration
of 20 nM (4 pL of Entranster-R4000 and 2.68
ug of pcDNA-CRNDE were used for pcDNA)
were added. Next, 1.5 mL of RPMI-1640 me-
dium (Gibco, Rockville, MD, USA) was added
for cell culture. For the control group, an equal
amount of Lipofectamine 2000 and siRNA-NC
(Entranster-R4000 and pcDNA-NC for pcDNA)
were added as the experimental group. The
culture medium was replaced 6 h after trans-
fection.

gRT-PCR

Total RNA was extracted according to the
requirements of the TRIzol kit. 50 pL of reaction
system were formulated according to the qRT-
PCR instructions, and the reverse transcription
reaction was performed under the following con-
ditions: reverse transcription reaction at 50°C for
30 min, and denaturation of reverse transcriptase
at 92°C for 3 min. The obtained cDNA was
amplified by the following PCR amplification
reaction conditions: denaturation at 92°C for 10 s,
annealing at 55°C for 20 s, extension at 68°C for
20 s, for a total of 40 cycles. B-action was used as
the internal reference, and the relative expression
of CRNDE was represented by 24", Primers
used in qRT-PCR were as follows: CRNDE:
5’>"-TGGATGCTGTCAGCTAAGTTCAC-3" (for-
ward), 5-TTCCAGTGGCATCCTCCTTATC-3’
(reverse); P-action: 5’-CTCCATCCTGGCCTC-
GCT-GT-3’ (forward), 5>-GCTGTCACCTTCAC-
CGT-TCC-3* (reverse). Small interference se-
quences used in transfection were as follows:
si-CRNDE:5’-UAUGGAAGCAUCACACU-
UAACACCU-3’, si-Scramble: 5’-GGATGATC-
GAAGATGAGACTAGCTT-3".
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Cell Counting Kit-8 (CCK-8) Assay for
Cell Proliferation

The transfection point was set as 0 h, the
control cells and the treatment cells were seeded
into the 96-well plates with 6 replicate wells for
each and 5,000 cells in each well. After 6 h, the
activity of cells after adherence was measured (0
h); then, at the following four time points of 24
h, 48 h, 72 h and 96 h, 20 pL of CCK-8 solution
were added to each well and incubated at 37°C
with 5% CO, for 2-3 h. The microplate reader was
used to measure the absorbance (D) values at 450
wavelengths. Meanwhile, only the CCK-8 solu-
tion and the medium (with no cells) were added
to the blank controls.

Colony Formation Assay

The transfection point was set as 0 h, the me-
dium was replaced after 6 h, and 3,000 cells were
reseeded into the medium plates after 24 h and
incubated at 37°C with 5% CO, for 14 days; the
culture medium was replaced every 2 days. The
culture medium was discarded, phosphate-buff-
ered saline (PBS) was used to wash twice, 5%
paraformaldehyde was applied to fix the colonies
for 30 min. Then, the waste liquid was discarded,
0.1% crystal violet solution was added to each
plate and discarded after 30 min; phosphate-buff-
ered saline (PBS) was used to wash. Finally, im-
ages of all the dishes were captured and counted.

Statistical Analysis
We used statistical product and service solu-
tions (SPSS) 22.0 software (IBM, Armonk, NY,

USA) for all the statistical analysis and GraphPad
Prism 6.0 (Version X; La Jolla, CA, USA) for
editing the images. Kaplan-Meier survival curve
was used for survival analysis, and the statistical
indicators in the survival analysis were included
in the COX regression. The measurement data
were represented as x + s; the difference was
compared by z-test, while x’-test was performed
for categorical variables. p < 0.05 was considered
statistically significant; *p < 0.05, **p < 0.01,
**kp < 0.001 and ****p < 0.001.

Results

Expression of CRNDE in Bone Marrow
and Cells of AML Patients

We detected the expression of IncRNA-CRNDE
in 81 AML patients and 35 non-malignant hema-
tological patients. Results showed that the expres-
sion level of IncRNA-CRNDE was significantly
higher in AML patients. The median expression
level of IncRNA-CRNDE (5.274 + 0.2518, n =
85) relative to B-actin in AML patients was 3.37
times higher than that of the controls (1.565 +
0.1047, n = 31) (Figure 1A). Moreover, the expres-
sion level of IncRNA-CRNDE in the U937 cell
line was higher than the normal cells (Figure 1B).

Relationship Between the Expression of
CRNDE and Clinical Characteristics and
Prognosis of AML

We investigated the relationship between the
expression of CRNDE and pathological character-
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Figure 1. A, The expression of IncRNA-CRNDE in the bone marrow tissues of AML patients (n = 81) was higher than the
patients with non-malignant hematological diseases (n = 35). B, The expression of IncRNA-CRNDE was higher in myeloid

leukemia cell line U937 than that in normal monocytes.
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Table I. Clinical data of patients.

Relative IncRNA-CRNDE expression
Parameters Fold change > 3.37 Fold change =< 3.37 p-value
Age (years)
<35 28 20 0.38
>35 16 17
Gender
Male 28 20 0.25
Female 14 17
FAB
M1 2 3
M2 10 11
M3 4 5 0.74
M4 10 6
M5 18 12

istics of the patients and the results indicated that
there was no significant relationship between the
expression level of IncRNA-CRNDE and age, sex
and disease classification of AML patients (Table
I). Through comparison between each group, we
found the expression was higher in AML patients
with FAB type M4 and M5 than that in M1, M2
and M3 (Figure 2A). In addition, analysis of the
clinical data suggested that the total survival time
of AML patients was negatively correlated with
the expression of IncRNA-CRNDE (Figure 2B).

Down-regulation of CRNDE Inhibited
the Proliferation and Colony
Formation of the U937 Cell Line,
Promoting Its Apoptosis

After transfection of siRNA-CRNDE, the ex-
pression of IncRNA-CRNDE was significantly
decreased in the U937 cell line (Figure 3A).
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We also detected the proliferation ability of the
experimental group and the control group by
CCK-8 assay at 0 h, 24 h, 48 h, 72 h, and 96
h after inoculation. Results revealed that the
proliferation ability of the U937 cell line was
significantly suppressed at 48 h, 72 h and 96 h
after transfection of siRNA-CRNDE (p < 0.05)
(Figure 3B). The colony formation assay indicat-
ed that the number of clones formed in the normal
control group (siRNA-NC) was much more than
that of the experimental group (siRNA-CRNDE)
(Figure 3C), suggesting that the ability of colony
formation was weakened after the interference
of IncRNA-CRNDE in the U937 cell line. Addi-
tionally, flow cytometry analysis demonstrated
that apoptosis of the U937 cell line was increased
(Figure 3D) and the cells were blocked at GO/
Gl phase (Figure 3E) after the treatment of In-
cRNA-CRNDE.
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Figure 2. A, The expression of IncRNA-CRNDE in the bone marrow tissues of FAB type M4 and M5 was higher than that
of type M1, M2 and M3. B, The total survival time of AML patients with higher expression of IncRNA in the bone marrow
tissues (fold change > 3.37) was significantly lower than those with a relatively low expression (fold change < 3.37).
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Figure 3. A, After transfection of si-CRNDE, the expression of IncRNA-CRNDE in U937 cells was significantly reduced. B,
CCK-8 assay showed that the proliferation of U937 cells was significantly inhibited after transfection of si-CRNDE. C, Colony
formation assay showed that the ability to form cloned cell groups was decreased significantly in U937 cells after transfection
of si-CRNDE. D, Apoptosis analysis showed that the apoptosis of U937 cells was significantly increased after transfection of
si-CRNDE. E, Cell cycle analysis showed that the cell cycle of U937 cells was blocked in G0/G1 phase after transfection of
si-CRNDE.
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Overexpression of CRNDE Promoted the
Proliferation and Colony Formation of
the U937 Cell Line

After the construction of the corresponding
plasmids, pcDNA-NC and pcDNA-CRNDE
were transferred to the U937 cell line for sub-
sequent experiments (Figure 4A). The CCK-8
assay revealed that, compared with transfection
of pcDNA-NC as a negative control, the D450
value of the U937 cell line transfected with pcD-
NA-CRNDE increased significantly, indicating
that overexpression of IncRNA-CRNDE could
promote the proliferation of the U937 cells (Fig-
ure 4B). The colony formation assay showed that
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the number of colonies formed in the control
group (pcDNA-NC) was much lower than that
of the overexpression (pcDNA-CRNDE) group
(Figure 4C). The above experiments illustrated
that IncRNA-CRNDE might promote the prolif-
eration of the U937 cells.

Discussion

AML is a hematopoietic malignancy with
large heterogeneity both in cell genetics and mo-
lecular genetics'®. In recent years, with the rapid
development of molecular biology, some abnor-
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Figure 4. A, The expression of IncRNA-CRNDE in U937 cells was significantly increased after transfection of pc-CRNDE.
B, CCK-8 assay showed that the proliferation of mice and human osteocytes was obviously active after transfection of pc-
CRNDE. C, Colony formation assay showed that the ability to form cloned cell groups was increased significantly in U937

cells after transfection of pc-CRNDE.
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mal changes have been detected at the molecular
genetic level in AML patients. Chromosomal ab-
normalities, gene mutations and gene expression
levels have become important prognostic indica-
tors for AML""®, which is of great importance
for clinical prognosis evaluation and treatment
of AML. In clinical practice, we have found that
the therapeutic effects of these patients vary
markedly, suggesting that some patients may be
accompanied by some abnormal changes in the
molecular level. However, we have not yet dis-
covered these changes, which implies that new
detection methods and treatment should be used
to achieve good clinical efficacy. Therefore,
some markers may reflect clinical diagnosis; we
considered prognosis as particularly necessary
in choosing the proper and effective treatment.

Finding new molecular markers and evaluating
their risk stratification for AML patients can not
only guide the choice of treatment plan, but also
provides a theoretical and experimental basis for
the development of targeted therapeutic drugs.
With the increasing understanding of the IncRNA
function, the association between IncRNA and
the occurrence of diseases has attracted more and
more attention'®. The regulation of gene expres-
sion by IncRNA is mainly reflected in three lev-
els, including epigenetic modification regulation,
transcriptional regulation and posttranscriptional
regulation?®. Multiple studies have shown that
abnormal expression of IncRNA can lead to the
development of tumor?'. Though the understand-
ing of the pathogenesis of IncRNA is not deep
enough, it is commonly expressed in tumor cells
as an ultra-conservative element in the process of
species evolution?’. This kind of ultra conserva-
tive element originally plays an essential function
in the development of normal individuals; howev-
er, its abnormal expression may ultimately lead to
tumors®-#,

In the present study, qRT-PCR detection in-
dicated that the expression of IncRNA-CRNDE
in the bone marrow tissues of AML patients
was high, which was also increased in tumor
cell line U937. In vitro experiments demonstrat-
ed that the interference with IncRNA-CRNDE
could suppress the growth of tumor cells, arrest
cell cycle in the GO/G1 phase and promote cell
apoptosis. Similarly, after overexpression of In-
cRNA-CRNDE, cell proliferation ability of the
experimental group was significantly enhanced
when compared with the negative control group
and the blank control group. All the related exper-
imental results suggested that IncRNA-CRNDE

might significantly promote the proliferation of
the U937 cell line and inhibit cell apoptosis.

The expression of IncRNA-CRNDE in AML
patients was increased, which was especially
higher in M4 and M5 than M1, M2 and M3,
leading to a shorter total survival time. Ln-
cRNA-CRNDE could promote the proliferation
and cell cycle of the U937 cell line, and inhibit
apoptosis. It is suggested that more researches
should be focused on the biological functions and
the relevant mechanisms of IncRNA-CRNDE in
AML in future.

Conclusions

1 ncRNA-CRNDE is highly expressed in the
bone marrow tissues of AML patients, and the
expression level is negatively correlated with the
total survival time. Meanwhile, in patients of
FAB type M4 and MS5, its expression is higher
than patients of FAB type M1, M2, and M3. As
IncRNA-CRNDE promotes proliferation and cell
cycle of U937 and suppresses cell apoptosis, it
is expected to become a molecular marker and
potential therapeutic target for predicting AML
and its prognosis.
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