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Background: It has been reported that lncRNA SNHG10 (SNHG10) promotes the progres-
sion of liver cancer and osteosarcoma; however, the role of SNHG10 in acute myeloid 
leukemia (AML) remains unknown. This study was to explore the role of SNHG10 in AML.
Methods: The expression of SNHG10 and miR-621 in BM mononuclear cells (BMMNCs) 
isolated from 60 AML patients and 60 healthy controls were determined by RT-qPCR. 
Correlation between SNHG10 and miR-621 was analyzed by Pearson correlation coefficient. 
The overexpression of SNHG10 and miR-621 in transfected AML cells was detected by RT- 
qPCR, and the regulatory relationship between them was explored. Methylation-specific PCR 
(MSP) was applied to detect the methylation of miR-621 induced by the overexpression of 
SNHG10. CCK-8 assay was conducted to evaluate cell proliferation.
Results: In this study, we found that the expression of SNHG10 was upregulated and the 
expression of miR-621 was downregulated in AML samples. Moreover, SNHG10 and miR-621 
were inversely correlated across AML samples, and a high level of SNHG10 predicted poor 
survival of AML patients. Bioinformatics analysis showed that SNHG10 could be targeted by 
miR-621. In AML cells, miR-621 overexpression downregulated the expression of SNHG10, 
while SNHG10 overexpression could not affect the expression of miR-621. However, it was 
found that the reduction of miR-621 caused by SNHG10 overexpression might be due to the 
increase of miR-621 methylation. In addition, SNHG10 overexpression significantly promoted 
BMMNC proliferation, whereas miR-621 overexpression inhibited BMMNC proliferation and 
abolished the effect of SNHG10 overexpression on BMMNC proliferation.
Conclusion: miR-621 targets SNHG10 to suppress cell proliferation in AML.
Keywords: acute myeloid leukemia, miR-621, SNHG10, proliferation

Introduction
Acute myeloid leukemia (AML) is a type of blood cancer derived from bone 
marrow and characterized by the rapid reproductivity and abnormal functions of 
white blood cells.1 AML is the most common subtype of acute leukemia that affects 
about 20, 000 new cases in the United States every year.2 Due to its extreme 
aggressiveness, even after active treatment, no more than 30% of AML patients can 
survive longer than 5 years after the initial diagnosis.3,4 Chemotherapy is the most 
frequently used treatment for AML. In some cases, targeted therapy drugs and stem 
cell transplants can also be applied.5,6 However, due to chemoresistance, treatment 
outcomes are usually poor in almost all cases.5 Therefore, novel treatment 
approaches are urgently needed.
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Targeted therapies are emerging anti-cancer approaches 
that aim to suppress cancer development mainly by reg-
ulating gene expression networks related to cancers.7 

Previous studies have shown that the initiation and devel-
opment of cancer require the involvement of critical mole-
cular players.8,9 In-depth molecular researches on the 
pathogenesis of AML provide new targets for the therapy 
of AML.10 Non-coding RNAs (ncRNAs), including 
lncRNAs and miRNAs, are not involved in protein- 
coding but it can regulate gene expression to participate 
in various human diseases.11–13 Also, ncRNAs have 
played crucial roles in AML. For example, it is reported 
that miR-125B and miR-29B are two regulatory targets for 
NRF2 and both of them are abnormally expressed in 
AML.14 Moreover, anti-miR-125B or elevating miR-29B 
induced more cell death in AML.14 In addition, a study 
proposed that serum exosome miRNA could be considered 
as a minimally invasive early biomarker of AML.15 

However, the precise regulation by ncRNAs in cancer 
biology remains hardly known. A recent research has 
reported that lncRNA SNHG10 can promote the progres-
sion of liver cancer16 and osteosarcoma.17 However, the 
role of SNHG10 in AML is still elusive.

miR-621 has been demonstrated to be downregulated 
in several kinds of cancer. It has been reported that miR- 
621 inhibits the proliferation and metastasis of bladder 
cancer by suppressing Wnt/β-catenin signaling 
pathway.18 Low expression of miR-621 has been demon-
strated to be associated with poor prognosis in HCC 
patients.19,20 Besides, miRNA-621 acts as a tumor sup-
pressor in HCC progression by downregulating CAPRIN1 
expression.20 Previous bioinformatics analysis shows that 
SNHG10 can target miR-621.21 This study was therefore 
conducted to analyze the regulatory relationship between 
SNHG10 and miR-621 and their roles in AML.

Patients and Methods
Research Subjects
From August 2018 to January 2020, 60 AML patients (37 
males and 23 females, 50 to 73 years, 61.6 ± 5.9 years) 
and 60 healthy controls (37 males and 23 females, 50 to 73 
years, 61.7 ± 5.8 years) were enrolled in Guizhou 
Provincial People’s Hospital. Guizhou Provincial 
People’s Hospital Ethics Committee (IRB: 00000430) has 
approved this study before the enrollment of patients and 
this study was conducted in accordance with the 
Declaration of Helsinki. The criteria of the selection of 

healthy controls were: 1) All healthy controls received 
systemic physiological exam and all of them were enrolled 
with normal physiological condition. The criteria of AML 
patients enrolled were: 1) All AML patients were newly 
diagnosed cases. 2) Patients with AML did not suffer from 
other severe pathological diseases. In view of the fact that 
other clinical disorders and treatments may also affect the 
expressions of the genes we focused on, this study 
excluded those patients with other clinical diseases or 
patients who had accepted other treatments. All patients 
and healthy people had signed written informed consent.

BM Mononuclear Cells (BMMNCs) and 
AML Cell Lines
Bone marrow (BM) was collected from both AML patients 
and healthy controls before the initiation of therapy. 
Lymphocyte Separation Medium (TBD Sciences) was 
used to isolate BM mononuclear cells (BMMNCs) from 
BM of all patients and healthy controls. All samples of 
BMMNCs were subjected to RNA isolation immediately 
after collection. Kasumi-3 and Kasumi-6 (ATCC, USA) 
two human AML cell lines were used in the following 
experiments. RPMI-1640 containing 10% FBS was used 
as culture medium which was supplemented with penicil-
lin/streptomycin (100 U/mL). The cells were cultivated in 
an incubator under the condition of 95% humidity and 5% 
CO2 at 37 °C.

Cell Transfection
Kasumi-3 and Kasumi-6 cell transfections were carried out 
with 2 × 106 cells using the Amaxa Nucleofector Kit II 
(Cambridge, UK). Negative control (NC) miRNA and 
miR-621 mimic were purchased from Sigma-Aldrich 
(USA). PcDNA3.1 vector (Invitrogen) was used as the 
backbone of SNHG10 overexpression. Cells were electro- 
transfected with pcDNA3.1 (1μg), pcDNA3.1-SNHG10 
(1μg), NC-miRNA (50 nM) or miR-621 mimic (50 nM) 
cells. Transfected cells were incubated at 37°C for 24 
h and used to perform the subsequent experiments.

RNA Preparation
RiboZol reagent (Invitrogen) was used to isolate RNA 
from BMMNC samples and Kasumi-3 and Kasumi-6 
cells cultured in vitro. Genomic DNA was removed from 
all RNA samples by incubating DNase I (Sigma-Aldrich) 
at 37 °C for 100 min. RNA samples were separated using 
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a 5% Urine-PAGE gel to check RNA integrity. RNA 
quality was determined based on OD 260/280 ratio.

RT-qPCR
RNA samples with OD 260/280 ratio close to 2.0 were 
used as templates to synthesize cDNA samples by SSRT 
IV system (Invitrogen). To determine the expression of 
SNHG10, RT-qPCR was performed using QuantiFast 
SYBR Green PCR Kit (QIAGEN) with 18S rRNA as 
template. Mature miRNAs and poly (A) were added into 
the tubes; then, miRNA reverse transcriptions and miRNA 
qPCRs were performed to determine the expression level 
of mature miR-621. The internal control of miR-621 was 
U6. Each experiment included three technical replicates. 
The expression levels of SNHG10 or miR-621 were nor-
malized to the corresponding internal control using the 
method of 2−ΔΔCT. The primer design was as follows:

5′-GTTGGTCTCTTGGGAGGTAG-3′ (forward) and 5′- 
CGCCACGACGAACTGCATGC-3′ (reverse) for SNHG10; 
5’-AATGTCACCGTTGTCCAGTTG-3’ (forward) and 5’- 
GTGGCTGGGGCTCTACTT C-3’ (reverse) for GAPDH; 
5’-GGCTAGCAACAGCGCTTACCT-3’ for miR-621; 5’- 
CGCAAGGATGACACGCAAATTC-3’ for U6.

Methylation-Specific PCR (MSP)
Kasumi-3 and Kasumi-6 cells transfected with 
pcDNA3.1-SNHG10 or empty pcDNA3.1 vector were 
subjected to genomic DNA isolations, which were per-
formed using a Genomic DNA Extraction Kit (ab156900, 
Abcam). EZ DNA Methylation Lighting Kit (ZYMO 
research) was used to convert DNA samples, followed by 
detecting the methylation of the miR-621 gene using Taq 
2X Master Mix (M0270, NEB). MSP primers were 5′- 
CATCAGGACGACCAGTAACAT-3′ (forward) and 5′- 
CGACTTGACATTCATCA-3′ (reverse).

Cell Proliferation Assay
After transfection as mentioned above, the proliferation of 
Kasumi-3 and Kasumi-6 cells was analyzed by Cell 
Counting Kit-8 (CCK-8) kit (Dojindo). A 96-well cell 
culture plate was used to cultivate cells (5000 cells per 
well). Cells were cultivated in the aforementioned medium 
under aforementioned conditions. CCK-8 solution was 
added into each well to reach 10% at 2 h before the 
measurement of OD values. OD values (450 nm) were 
measured every 24 h for a total of 4 days.

Statistical Analysis
Gene expression levels in BMMNCs from both AML 
patients and healthy controls were the average values of 
three technical replicates and compared by unpaired t-test. 
The data of multiple cell transfection groups were showed 
as mean ± SD and then compared by ANOVA Tukey’s test. 
Linear regression was analyzed by Pearson correlation 
coefficient. P < 0.05 is presented as statistical significance. 
Kaplan–Meier curve was used to analyze the association 
between RNA expressions and patients’ survival.

Results
The Expression of SNHG10 and miR-621 
Was Significantly Altered in AML
The expression of SNHG10 and miR-621 in BMMNCs 
from both AML patients (n = 60) and healthy controls (n = 
60) was determined by RT-qPCR. The expression level of 
SNHG10 in the AML group was significantly higher than 
that in the control group (Figure 1A, p < 0.01). In contrast, 
compared with controls, AML patients exhibited a lower 
expression level of miR-621 (Figure 1B, p < 0.05).

SNHG10 and miR-621 Were Inversely 
Correlated
Linear regression analysis of the correlation between 
SNHG10 and miR-621 in BMMNC samples from AML 
patients (Figure 2A) and healthy controls (Figure 2B) 
showed that both SNHG10 and miR-621 were negatively 
correlated in AML patients and healthy controls.

High Level of SNHG10 is Associated with 
Poor Survival of AML Patients
Long-term follow-up showed that the survival rate of the 
high SNHG10 expression group was significantly lower 
than that of the low SNHG10 expression group (Figure 3). 
In contrast, the survival rate of the low miR-621 expres-
sion group was significantly lower than that of the high 
miR-621 expression group (Figure 3).

SNHG10 Targeted miR-621 in AML Cells 
to Downregulate Its Expression
IntaRNA 2.0 (http://rna.informatik.uni-freiburg.de/ 
IntaRNA/Input.jsp) was used for bioinformatics analysis 
and showed that miR-621 could be targeted by SNHG10 
(Figure 4A). Kasumi-3 and Kasumi-6 cells were trans-
fected with miR-621 mimic and pcDNA3.1-SNHG10, 
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and then the transfections were determined and confirmed 
by RT-qPCR (Figure 4B, p < 0.05). Moreover, it was 
found that upregulation of miR-621 downregulated the 

expression of SNHG10 (Figure 4C, p < 0.05), while upre-
gulation of SNHG10 failed to affect the expression of 
miR-621 (Figure 4D).

Figure 1 The expression of SNHG10 and miR-621 was significantly altered in AML. The expression of SNHG10 (A) and miR-621 (B) in BMMNCs from both AML patients 
(n = 60) and healthy controls (n = 60) was determined by RT-qPCR. The expression levels of SNHG10 and miR-621 in BMMNCs were expressed as average values of three 
technical replicates. **p < 0.01.

Figure 2 SNHG10 and miR-621 were inversely correlated. Correlations between SNHG10 and miR-621 across samples of BMMNCs from both AML patients (A) and 
healthy controls (B) were analyzed by linear regression. SNHG10 and miR-621 were inversely correlated with each other.

Figure 3 High level of SNHG10 is associated with poor survival of AML patients. Kaplan–Meier curve for the analysis of the association between the survival of AML 
patients and the expression level of SNHG10 or miR-621. Patients with high lncRNA SNHG10 expression or low miR-621 expression had poorer survival.
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Overexpression of SNHG10 Promoted 
miR-621 Methylation
MSP was used to detect the methylation of miR-621 
induced by SNHG10 overexpression in both Kasumi-3 
and Kasumi-6 cells. Elevating SNHG 10 significantly 
increases the methylation of the miR-621 gene 
(Supplementary Figure 1), which suggested the regulation 
of miR-621 by SNHG10 might be achieved through 
methylation of the miR-621 gene.

MiR-621 Targeted SNHG10 to Inhibit the 
Proliferation of AML Cells
CCK-8 assay was used to analyze the roles of miR-621 and 
SNHG10 in the proliferation of Kasumi-3 and Kasumi-6 
cells. The results showed that miR-621 overexpression inhib-
ited Kasumi-3 and Kasumi-6 cell proliferation, while 
SNHG10 overexpression promoted Kasumi-3 and Kasumi- 
6 cell proliferation. Moreover, the effects of SNHG10 over-
expression on Kasumi-3 and Kasumi-6 cell proliferation 

Figure 4 SNHG10 targeted miR-621 to downregulate its expression in AML cells. Bioinformatics analysis performed using IntaRNA 2.0 (A). Kasumi-3 and Kasumi-6 cells 
were transfected with miR-621 mimic and pcDNA3.1-SNHG10, followed by the confirmation of transfections using RT-qPCR (B). The effect of miR-621 overexpression on 
SNHG10 (C), and the effect of SNHG10 overexpression on miR-621 (D) were also analyzed by RT-qPCR. Mean ± SD values were used to express data from 3 biological 
replicates. *p < 0.05.
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could be abolished by miR-621 overexpression (Figure 5, 
p < 0.05).

Discussion
In this study, we explored the interaction and the internal 
relationship between miR-621 and SNHG10 in AML. We 
found that SNHG10 was upregulated and miR-621 was 
downregulated in AML. In addition, SNHG10 might be 
targeted by miR-621 to suppress the proliferation of AML 
cells.

The function of SNHG10 has only been investigated in 
liver cancer,16 bladder cancer18 and osteosarcoma.17 In 
liver cancer, SNHG10 is overexpressed and its homolog 
SCARNA13 forms a positive feedback loop to promote 
the initiation and metastasis of tumor.16 In non-small cell 
lung cancer (NSCLC), SNHG10 has been found to be 
downregulated.22 Moreover, SNHG10 may downregulate 
miR-21 in NSCLC to suppress cancer cell proliferation. 
Thus, SNHG10 shows different functions in different can-
cers. In this study, we found that SNHG10 was upregu-
lated in AML. SNHG10 overexpression increased the 
proliferation rate of AML cells. Therefore, SNHG10 may 
play an oncogene role in AML.

miR-621 has been reported to be a tumor suppressor in 
both breast cancer and liver cancer.19–21 In breast cancer, 

miR-621 was downregulated and its overexpression 
enhanced p53 activity and downregulated FBXO11 to 
increase the sensitivity of cancer cells to chemotherapy.21 

miR-621 was also downregulated in liver cancer and tar-
geted CAPRIN1 and SETDB1 to suppress cancer cell 
proliferation and increase the sensitivity of cancer cells 
to radiotherapy.19,20 However, based on our knowledge, 
the role of miR-621 in AML is still unclear. Our study 
reveals a decrease of miR-621 in AML and its inhibitory 
effects on cell cancer proliferation. Therefore, miR-621 is 
likely a tumor suppressor in AML. It is worth noting that 
SNHG10 overexpression could inhibit the expression of 
miR-621, but miR-621 overexpression failed to affect the 
expression of SNHG10. This might be related to the 
increase in the methylation of the miR-621 gene by 
SNHG10 overexpression.

Up to now, all previous studies focused on the interac-
tion between miR-621 and protein-coding genes.19,20,22 

Our study is the first to report that miR-621 can target an 
lncRNA to suppress cancer cell proliferation, which ful-
filled our understandings of the interactions between dif-
ferent ncRNAs. In conclusion, SNHG10 is upregulated in 
AML, and miR621 is downregulated in AML. SNHG10 
may be targeted by miR-621 to suppress AML cell 
proliferation.

Figure 5 SNHG10 targeted miR-621 to inhibit the proliferation of AML cells. The effects of miR-621 and SNHG10 on regulating the proliferation of Kasumi-3 and Kasumi-6 
cells were analyzed by CCK-8 assay. Mean ± SD values were used to express data from 3 biological replicates. *p < 0.05.
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