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Abstract. – OBJECTIVE: To explore the influ-
ences of long non-coding ribonucleic acid (ln-
cRNA)-H19 on the proliferation and apoptosis of 
acute myeloid leukemia (AML) cells via the Wnt 
signaling pathway. PATIENTS AND METHODS: 
Blood samples were collected from 40 AML pa-
tients. The AML cells were cultured. Cell count-
ing kit-8 (CCK-8) was used to detect cell prolifer-
ation and flow cytometry was applied to analyze 
cell cycle and determine the apoptosis rate. 
Moreover, the action target of lncRNA-H19 was 
detected through a dual-luciferase reporter as-
say and Western blotting was performed to de-
tect the change in protein level. 

RESULTS: The expression of lncRNA-H19 in 
AML patients was markedly higher than that in 
normal controls and compared with human em-
bryonic kidney (HEK)-293T cells, AML cell Ka-
sumi-1 exhibited an increased lncRNA-H19 ex-
pression. LncRNA-H19 could promote cell 
proliferation, but suppress cell apoptosis. It is 
bound to micro RNA (miR)-29a-3p in a targeted 
manner. and the expression level of miR-29a-3p 
in AML patients was prominently lower than that 
in normal controls. After miR-29a-3p was inhibit-
ed, the expression of intranuclear β-catenin was 
significantly increased and the Wnt/β-catenin 
pathway critical molecules T-cell factor (TCF) 
and lymphoid enhancer factor 1 (LEF1) were evi-
dently up-regulated after the down-regulation of 
miR-29a-3p. 

CONCLUSIONS: LncRNA-H19 targets miR-
29a-3p to promote the proliferation of AML cells, 
but inhibit the apoptosis through the Wnt/ β-cat-
enin signaling pathway. 
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Introduction

Acute myeloid leukemia (AML) is one of the 
most common hematological malignancies. Ac-

cording to the SEER database and epidemiolog-
ical statistics, there are about 20,830 new cases 
of AML every year in America, accounting for 
1.3% of the total1. In addition, the number of peo-
ple who die of AML reaches about 10,460, which 
is 1.8% of the total cancer deaths. AML cases 
account for about 70% of all the patients with 
acute leukemia2,3. What’s worse, the AML is ris-
ing year by year due to industrial and agricultur-
al pollution. Currently, numerous reports4-7 have 
suggested that epigenetic changes such as micro 
ribonucleic acid (miRNA) expression abnormali-
ty, deoxyribonucleic acid (DNA) and RNA meth-
ylation changes, as well as histone modification 
disorder play important roles in modulating the 
occurrence and development of AML. Therefore, 
it is particularly important to explore the epi-
genetics and pathogenesis of AML to raise the 
efficacy in the treatment of AML.

Long non-coding RNAs (lncRNAs) are con-
sidered as non-protein-coding RNAs with the 
length of more than 200 nt. They used to be re-
garded as the “noises” in genomes, while they 
have recently been found to participate in many 
biological activities, such as cell growth, prolifer-
ation, invasion, and apoptosis. LncRNA-H19 is a 
ncRNA measuring 3,000 bp in length and locat-
ed on chromosome 11p15.5, it is expressed in the 
nucleus and cytoplasm8,9. LncRNA-H19 acts as 
an oncogene to take part in various pathological 
processes in the growth and metastasis of tumors, 
including breast cancer, bladder cancer, colorectal 
cancer, gastric cancer, head, and neck squamous 
cell carcinoma and esophagus cancer10-12. In these 
tumor tissues, the lncRNA-H19 expression is 
significantly elevated and the over-expression of 
lncRNA-H19 can accelerate cancer cell prolifera-
tion, migration, invasion, and metastasis. 

As endogenous ncRNAs, miRNAs modulate 
the gene expression through the degradation of 
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mRNAs and the inhibition on their post-tran-
scriptional translation13. According to the find-
ings in several studies14, lncRNAs, as endogenous 
RNAs (ceRNAs) competing with miRNAs, affect 
the expression of miRNA targets. However, there 
have been no reports on whether lncRNA-H19 
acts as a ceRNA to regulate the expression of tar-
get protein-binding miRNA in AML now.

In the present work, it was assumed that ln-
cRNA may suppress the expression of miR-29a-
3p to promote the proliferation of AML cells. In 
the preliminary research, the patients with differ-
entially expressed lncRNAs were first screened 
from the AML samples, while the expressions of 
lncRNA-H19 and miR-29a-3p in AML patients 
were detected using the Polymerase Chain Re-
action (PCR) chip. The potential mechanism was 
further analyzed by which lncRNA-H19 promotes 
the occurrence and development of AML in vitro. 
The present study can help to better understand 
the pathogenesis of AML and provides a potential 
target for the intervention and treatment of AML.

Patients and Methods

Clinical Samples
Blood samples were collected from 40 AML 

patients who were hospitalized from January 2018 
to December 2018 in the Department of Hema-
tology of our hospital. All the patients were in-
formed of this research which was approved by 
the Ethics Review Committee of the hospital. 

Cell Culture
AML cell line Kasumi-1 and human embryon-

ic kidney (HEK)-293T cell line were purchased 
from the Shanghai Cell Bank of Chinese Acade-
my of Sciences (Shanghai, China) and they were 
cultured in a humid Roswell Park Memorial Insti-
tute-1640 (RPMI-1640) medium (HyClone; South 
Logan, UT, USA) containing 10% fetal bovine se-
rum (FBS; Gibco, Rockville, MD, USA) at 37°C. 
The medium was replaced once every other day 

and the cells were subcultured when the fusion 
rate reached 80-90%.

Reverse Transcription (RT)-PCR
Total RNAs were extracted from all blood and 

cells using the TRIzol reagent (Invitrogen, Carls-
bad, CA, USA). Complementary DNAs (cDNAs) 
were synthesized using RT2 First Strand Kit (Qia-
gen, Hilden, Germany) and NCodeTM miRNA 
Fist-Strand cDNA synthesis kit (Life Technol-
ogies, Carlsbad, CA, USA) separately. RT-PCR 
was performed in the ABI Q6 detection system 
(Applied Biosystems, Foster City, CA, USA) us-
ing the SYBR real-time master mix kit (cat No.: 
330401). The following specific primers were 
used for the PCR (Table I).

Cell Proliferation Assay
According to the manufacturer’s instructions, 

the proliferation of cells was determined via cell 
counting kit-8 (CCK-8; Dojindo Laboratories, 
Kumamoto, Japan). The cells were inoculated in a 
96-well plate at an initial density of 2 × 104 cells/
mL and added with the CCK-8 solution (10 μL/
well) at 12, 24, 48, or 72 h to measure cell vi-
ability. After they were incubated with 5% CO2 
at 37°C for 2 h, the absorbance of each well was 
measured at 450 nm. 

Detection of Apoptosis Using Flow 
Cytometry 

The cells differently treated were collected and 
cultured independently. Each group of Kasumi-1 
cells was collected in accordance with the in-
structions in the flow cytometer kit and washed 
using phosphate-buffered saline (PBS; Beoytime, 
Shanghai, China). After digestion, the cell sus-
pension was prepared at a concentration of 1 × 
106 cells/mL and then centrifuged. Next, the su-
pernatant was discarded. Subsequently, the cells 
were added with 5 μL Annexin V-FITC and 10μL 
propidium iodide (PI) and slightly mixed, fol-
lowed by incubation for 5-15 min. The apoptosis 
rate was determined using the flow cytometer and 

Table I. Primer sequences.

Gene	 Forward	 Reverse

LncRNA-H19	 5'-ATGGTGCTACCCAGCTCAAG-3'	 5'-GCTGTTCCGATGGTGTCTTT-3'
MiR-29a-3p	 5'-CTGGTGTCGTGGAATTCAGTTGA-3'	 5'-CCTGGCTCCTCACTTGGC-3'
β-actin	 5'-AAGTACTCCGTGTGGATCGG-3'	 5'-ATGCTATCACCTCCCCTGTG-3'
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cell sorter system. The flow cytometer (FACScan, 
BD Biosciences, San Diego, CA, USA) equipped 
with CellQuest software (BD Biosciences, San 
Diego, CA, USA) was adopted to analyze and 
differentiate the cells: living cells, dead cells, and 
apoptotic cells at early and advanced stages. In 
each experiment, the percentages of the apoptotic 
cells at early and advanced stages were compared 
with those in control group, respectively. The per-
centages were determined for 3 times.

Western Blotting 
Proteins were extracted using radioimmuno-

precipitation assay (RIPA) buffer (Beoytime, 
Shanghai, China), isolated via sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) and electro transferred onto a polyvi-
nylidene difluoride membrane (PVDF; Millipore, 
Billerica, MA, USA). After a successful protein 
transfer, the membrane was sealed in 5% skim 
milk at 37°C for 2 h and incubated with the pri-
mary antibody at 4°C overnight, followed by in-
cubation with the horseradish peroxidase (HRP)-
linked secondary antibody at 37°C for 1 h. The 
bands were observed using an enhanced chemi-
luminescence assay (ECL) kit as specified by the 
manufacturers. 

Statistical Analysis
Statistical Product and Service Solutions (SPSS) 

22.0 (IBM, Armonk, NY, USA) and GraphPad 
Prism 5.0 (GraphPad, La Jolla, CA, USA) were 
applied for statistical analysis. All results were 

expressed as mean ± standard deviation (SD) and 
the data were analyzed using the two-tail t-test, 
one-way analysis of variance (ANOVA) and chi-
square test. p<0.05 suggested that the difference 
was statistically significant.

Results

LncRNA-H19 Was Highly Expressed 
in AML Patients and Cells

The expression of lncRNA-H19 was detect-
ed using qRT-PCR among 40 AML patients 
and AML cell line Kasumi-1. According to the 
results, AML patients exhibited a significant-
ly higher expression level of lncRNA-H19 than 
normal controls (p<0.01) (Figure 1A). Compared 
with that in HEK-293T cells, the expression level 
of lncRNA-H19 was increased (p<0.01) (Figure 
1B), suggesting that lncRNA-H19 may be a poten-
tial risk factor for AML.

LncRNA-H19 Promoted the Proliferation 
of AML Cells

The cells were transfected with small-inter-
fering (si)-H19 and H19-OE separately, and the 
proliferation capacity was determined. It was 
found that the proliferation capacity of the cells 
transfected with si-H19 was evidently weakened, 
but those transfected with H19-OE had a mark-
edly enhanced proliferation capacity (p<0.001) 
(Figure 2A). The cell cycle was further analyzed 
and it was discovered that H19-OE blocked Gap 

Figure 1. A, Expression of serum lncRNA-H19 in 40 AML patients and normal controls detected via qRT-PCR. B, Expres-
sion of lncRNA-H19 in AML cell line Kasumi-1 detected via qRT-PCR.
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0 (G0)/G1 (p<0.001) (Figure 2B). These results 
indicate that lncRNA-H19 can accelerate cell pro-
liferation.

LncRNA-H19 Suppressed the Apoptosis 
of AML Cells

After lncRNA-H19 was over-expressed or its 
expression was inhibited, the cell apoptosis rate 
was determined using the flow cytometer. Ac-
cording to the results, the cell apoptosis rates 
in H19-OE, si-H19, and control groups were 
(5.21±0.22)%, (31.3±11.34)%, and (15.21±2.22)%, 
respectively, displaying statistical differences 
(p<0.05) (Figure 3).

LncRNA-H19 Targeted to Bind to 
MiR-29a-3p According to the Luciferase 
Reporter Assay

The target of lncRNA-H19 was predicted by 
a bioinformatic method and the results showed 
that after the over-expression of lncRNA-H19, the 

expression of miR-29a-2p was lowered, and the 
Wnt pathway was activated (Figure 4A). The fur-
ther prediction results revealed that lncRNA-H19 
contained a complementary site to the 3’-UTR of 
miR-29a-3p (Figure 4B). 

The binding site of the mutant lncRNA-H19 was 
detected. It was discovered through the luciferase 
reporter assay that only after the interaction be-
tween the wild-type lncRNA-H19 and miR-29a-3p, 
the fluorescence intensity was significantly weak-
ened (p<0.05) (Figure 5A). The expression of miR-
29a-3p in AML patients was further analyzed and 
the results displayed that the expression level of 
miR-29a-3p in AML patients was markedly lower 
than that in normal controls (p<0.01) (Figure 5B). 

MiR-29a-3p Targeted and Modulated the 
Wnt/β-Catenin Pathway

To further verify whether miR-29a-3p tar-
gets the Wnt/β-catenin pathway, the qRT-PCR 
and WB were conducted. The analysis results 

Figure 2. A, Cell proliferation capacity detected: si-H19-transfected cells exhibit a markedly weakened proliferation capacity, 
but the proliferation capacity of the H-19-OE-transfected cells is notably strengthened (p<0.001). B, H19-OE blocks G0/G1 
(p<0.001).

Figure 3. Cell apoptosis rate determined using flow cytometry. Cell apoptosis rates in H19-OE, si-H19, and control groups 
are (5.21 ±0.22)%, (31.3 ± 11.34)%, and (15.21±2.22)%, respectively (p<0.05). 
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showed that the expression of β-catenin in the nu-
clei was significantly increased after miR-29a-3p 
was inhibited (Figure 6A) (p<0.05), and that the 
Wnt/β-catenin pathway critical molecules T-cell 
factor (TCF) and lymphoid enhancer factor 1 
(LEF1) were evidently up-regulated after miR-
29a-3p was down-regulated (Figure 6B) (p<0.05).

Discussion

AML is a malignant hematopathy with high 
heterogeneity, in which bone marrow progenitors 
are stopped from differentiating at different stag-
es, leukemia cell proliferation is out of control, 
and cell apoptosis is impaired, thereby inhibiting 
the hematopoietic system, and its complex patho-
genesis has not yet been fully elucidated. Recent-
ly, increasing evidence shows that lncRNAs are 

involved in cellular biological processes, such as 
cell differentiation, proliferation, and apoptosis.

LncRNAs play important roles in the devel-
opment of cancers and participate in various ba-
sic biological processes15. For example, lncRNA 
HOTAIR is highly expressed in gallbladder car-
cinoma tissues, causing tumor metastasis16. In 
esophageal squamous cell carcinoma, lncRNA 
POU3F3 is up-regulated to promote the occur-
rence of tumor17,18. LncRNA CCAL can activate 
the Wnt/β-catenin pathway to facilitate the pro-
gression of colorectal cancer19,20. Several research-
es have found that among malignant tumors in 
the blood system, AML has highly expressed 
LINC00319 which can be used to predicate poor 
prognosis and LINC00319 is confirmed to be 
up-regulated and exert a carcinogenic effect in 
multiple cancers. Meanwhile, its down-regulation 
inhibits the proliferation of AML cells to induce 

Figure 4. A, After the over-expression of lncRNA-h19, the expression of miR-29a-2p is lowered, and the Wnt pathway is 
activated. B, LncRNA-H19 contains a complementary site to the 3’-UTR of miR-29a-3p.

Figure 5. A, After lncRNA-H19 interacts with miR-29a-3p, the fluorescence intensity is evidently lowered (p<0.05). B, Ex-
pression level of miR-29a-3p in AML patients is notably lower than that in normal controls (p<0.001).
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the apoptosis, thereby controlling the growth of 
such cells21. According to the findings of the re-
cent studies, lncRNA-H19 functions in two oppo-
site manners based on the type of tumors, namely, 
lncRNA-H19 functions as an oncogene in breast 
cancer, colorectal cancer, glioblastoma, and ovar-
ian cancer, and as a cancer suppressive factor in 
liver cancer, nephroblastoma, and prostate cancer. 
In the present work, it was found that lncRNA-H19 
functioned as an oncogene in AML, and that the 
up-regulation of lncRNA-H19 promoted the mi-
gration and invasion of AML cells. As described 
above, studies have reported the different roles 
of lncRNA-H19 in different types of tumors, and 
they are even contradictory, which means that the 
regulatory effect of lncRNA-H19 may be related 
to tumor environment. Based on this finding, it 
was further revealed that lncRNA-H19/miR-29a-
3p/Wnt may be a potential ceRNA regulation net-
work in AML.

MiRNAs can exert a strong regulatory func-
tion within a wide range and their important cor-
relations with tumors have been verified in nu-
merous studies. In 2007 AML and miRNAs were 
analyzed for the first time. Garaulet et al22 found 
5 kinds of specific miRNAs that can regulate the 
homeobox (Hox) genes through literature review 
based on the preliminary research on Hox genes. 
Havelange et al23 discovered in subsequent stud-
ies that miR-10a is abnormally highly expressed 
once AML patients are accompanied by the mu-

tation of nucleoprotamine 1. The down-regulation 
of miR-10a can promote the apoptosis of AML 
cells. According to the analysis of the dual-lu-
ciferase reporter assay, researchers have found 
that miR-10a suppresses two down-stream target 
genes, KLF4 and RB1CC1, to resist cell apopto-
sis. With the progress in detection techniques, 
the aberrantly expressed miRNAs in AML have 
been constantly discovered. MiRNAs will exert 
new effects in the diagnosis for the occurrence 
and development of AML, which provides a new 
idea for the diagnosis and targeted treatment of 
AML. They regulate target genes to exert their 
biological functions. Therefore, exploring the 
downstream target genes of miRNAs is the core 
link in the miRNA research. In this study, the 
bioinformatic analysis results manifested that 
miR-29a-3p served as the downstream target of 
lncRNA-H19. The inhibitory effect of miR-29a-3p 
on tumors has been confirmed. It was found that 
miR-29a-3p is down-regulated in gastric cancer, 
19 cases of transparent cell renal carcinoma, 27 
cases of hepatocellular carcinoma, and 28 cases 
of chronic myeloid leukemia24. Additionally, the 
restoration of miR-29a-3p level in PTC cell line 
can significantly repress tumor progression fea-
tures, such as tumor cell growth, proliferation, 
migration, and invasion25. Consistent with the 
existing studies, the present work also found the 
down-regulation of miR-29a-3p in AML, which 
confirms its inhibitory effect on the growth and 

Figure 6. A, Results of qPCR show that the expression of β-catenin in the nuclei is significantly increased after the expres-
sion of miR-29a-3p is inhibited. B, According to the WB analysis, after the down-regulation of miR-29a-3p, the Wnt/β-catenin 
pathway critical molecules TCF and LEF1 are evidently up-regulated.
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proliferation of AML cells. These results provide 
another evidence to support the inhibitory effect 
of miR-29a-3p in cancers.

Conclusions

We revealed that lncRNA-H19 was up-regu-
lated in AML, which is associated with the poor 
prognosis of AML patients. AML may promote 
the proliferation of AML cells by silencing the 
expression of miR-29a-3p. This research provides 
a new perspective that lncRNA-H19 plays a role 
as a non-coding oncogene in the occurrence of 
AML. Therefore, lncRNA-H19 is a new marker 
for early diagnosis of AML and a new target for 
its treatment. 
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