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Abstract. – OBJECTIVE: Deregulated expres-
sion of miRNAs contributes to the development of 
acute myeloid leukemia (AML). miR-504-3p, one of 
these miRNAs, has been found have upregulated 
expression in various human malignancies. Our 
present study aimed to detect the expression of 
miR-504-3p and its biological effect in AML.

PATIENTS AND METHODS: Real-time quan-
titative PCR was applied to evaluate the expres-
sion level of miR-504-3p in AML cell lines and 
the serum from AML cases. The correlations 
between miR-504-3p and AML patients’ clini-
copathological characteristics, as well as AML 
patients’ overall survival, were statistically as-
sessed. Moreover, we investigated the effect of 
miR-504-3p knockdown on AML cells by CCK-8, 
Transwell assays and flow cytometry, in vitro. 
The Western blot, RT-PCR and luciferase reporter 
assay were performed to evaluate the relation-
ship between miR-504-3p and its downstream 
target genes. Finally, the biological function of 
MTHFD2 was also analyzed.  

RESULTS: The expression levels of miR-504-3p 
were significantly down-regulated in the serum of 
AML patients and cell lines, and its low expression 
was positively associated with advanced clini-
cal stages and poor prognosis of AML patients. 
Functional assays indicated that overexpression 
of miR-504-3p leads to AML cell growth arrest, 
invasion and migration inhibition, and elevated 
rates of apoptosis. We also found that miR-504-3p 
regulated the expression of MTHFD2 by binding to 
its 3’-UTR, and knockdown of MTHFD2 significant-
ly suppressed AML cells proliferation, migration 
and invasion, and promoted apoptosis. 

CONCLUSIONS: Our findings provide import-
ant evidence that supports the role of miR-504-
3p as a tumor suppressor in AML via the inhibi-
tion of MTHFD2 expression.
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Introduction

Acute myeloid leukemia (AML) is a group of 
hematopoietic malignancies, which is character-
ized by arrested differentiation and abnormal pro-
liferation1,2. AML incidence increases with age 
and the formation of AML has been associated 
with multiple factors, including radiation, chem-
ical degradation, genovariation and viral infec-
tion3,4. Although AML treatment has significantly 
improved in recent years, with improvements in 
risk assessment, post-remission chemotherapy 
and hematopoietic stem-cell transplantation, the 
relapse remains a major cause of failure and the 
clinical outcome of pediatric AML is still poor5,6. 
Thus, the research on the molecular mechanisms 
underlying the progression of AML is of clinical 
significance for developing new therapeutic tar-
gets and approaches for AML.

MicroRNAs (miRNAs), a class of endogenous, 
noncoding, short (18-25 nucleotides in length), 
small RNA molecules, are regarded as negative 
regulators of gene expression at the posttranscrip-
tional level7. They have been identified to repress 
the translations and/or promote the degradations 
of their target mRNAs by specifically binding 
to the 3’ untranslated regions of the mRNAs8,9. 
Although miRNAs have been considered to be 
“noise”, more and more evidences indicate that 
miRNAs involve in various cellular processes, 
including cell proliferation, apoptosis, cell cycle, 
migration and invasion, and stem cell renewal10,11. 
Interestingly, growing studies show that Growing 
evidences show that miRNAs modulate cell prolif-
eration, cell cycle, apoptosis, migration, invasion, 
and metastasis in human cancers, such as lung 
cancer, cervical cancer, glioma12-14. On the other 
hand, several studies also reported that miRNAs 
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display functional roles in regulating tumorigen-
esis and progression of AML by acting as tumor 
suppressor or oncogenes15,16. Recently, although a 
large number of miRNAs have been reported to 
be dysregulated in AML, the biological function 
of most of them remains unknown17,18. MiR-504-
3p, located at Xq26.3, was a novel tumor-related 
miRNA. Recently, its dysregulation and biological 
function have been reported in several tumors19-21. 
However, the role of miR-504-3p in progression of 
tumors was opposite in different tumors. In AML, 
the expression profile and biological function of 
miR-504-3p have not been investigated. In this 
study, we analyzed the expression of miR-504-
3p and its clinical significance in AML patients. 
Furthermore, functional assays were performed to 
explore the function of miR-504-3p in AML cells 
proliferation, apoptosis, migration and invasion. To 
our best knowledge, this is the first study to report 
the role of miR-504-3p and its potential mechanism 
in progression of AML.

Patients and Methods

Clinical Specimens
The present study included 134 patients with 

AML and 41 healthy subjects. The peripheral 
blood of the AML patients was collected at Jin-
ing NO.1 People’s Hospital from April 2010 to 
May 2013. The present study was approved by the 
Research Ethics Committee of the Jining NO.1 
People’s Hospital. Informed consent was obtained 
from all subjects involved in this study. All the 
patients were radiotherapy and chemotherapy 
naïve prior to this study. All the specimens were 
processed for extraction of RNA, or were stored 
at -80°C for later use. All the patients’ clinical 
features were listed in Table I. The control group 
consisted of 41 healthy volunteers with no clinical 
symptoms of cancer or other diseases.

Cell Culture
The human leukemia cell lines (HL-60 and 

THP-1) and the human normal stromal cells HS-5 
were obtained from the Chinese Academy of Sci-
ences Cell Bank (Xuhui, Shanghai, China). The 
cells were all maintained in 10 cm dishes (Corn-
ing, Costar, NY, USA) in complete medium sup-
plemented with 10% fetal bovine serum (FBS; Ev-
erGreen, Hangzhou, Zhejiang, China) containing 
Penicillin-Streptomycin Solution for cell culture 
(Procell, WuHan, Hubei, China) in a humidified 
air at 37°C with 5% CO2. 

Cell Transfection 
The miRNA mimics including miR-504-

3p mimic, negative control mimic (NC-mim-
ic) were purchased from Genscript Co., Ltd. 
(Nanjing, Jiangsu, China). The siRNA specific 
against MTHFD2 (si-MTHFD2) and negative 
control siRNA (si-Control) were purchased from 
GeneChemCo., Ltd. (Pudong, Shanghai, China). 
After seeded the corresponding HL-60 or THP-1 
cells in 6-well plates (Excell Bio, Taicang, Jiang-
su, China), the miRNA mimics or siRNAs were 
transfected using Lipofectamine 3000 reagents 
(Invitrogen, Carlsbad, CA, USA).

Reverse Transcription-Quantitative
Polymerase Chain Reaction (qRT-PCR)

Total RNA was isolated from cultured cells 
or AML samples using total RNA purification 
kit (Qiagen, Hilden, Germany) according to the 
manufacturer’s protocols. The miRNA was iso-
lated using miRcute miRNA isolation kit (Tian-
gen, Haidian, Beijing, China) in accordance with 
the manufacturer’s instructions. Then, 2 μg total 
RNA were reverse transcribed to cDNA using 
PrimeScript 1st Strand cDNA Synthesis Kit (Ta-
KaRa, Dalian, Liaoning, China) and qRT-PCR as-
say was performed using TransStart Green qPCR 
SuperMix (Transgen Biotech, Haidian, Beijing, 
China) on a Stratagene MX3005P Real-time PCR 
instrument (Stratagene, La Jolla, CA, USA) ac-
cording to the manufacturer’s instructions. For 
the mature miR-504-3p detection, TransScript 
Green miRNA Two-Step qRT-PCR SuperMix 
(TransGen Biotech, Haidian, Beijing, China) 
were applied. Glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) and U6 were used as inter-
nal references. The relative expression levels of 
mRNA and miR-504-3p were calculated by rela-
tive quantification (2-ΔΔCt) method. All the primers 
were summarized in Table II.

Western Blot Analysis
Total proteins of the HL-60 and THP-1 cells 

were extracted using radioimmunoprecipitation 
assay (RIPA) lysis buffer (Excell Bio, Taicang, 
Jiangsu, China) containing protease inhibitor 
cocktail (ApexBio Technology, Yangpu, Shang-
hai, China). The BCA Protein Assay Kit (Pierce, 
Rockford, IL, USA) was then carried to detect the 
concentration of proteins. After the protein lysates 
was electrophoresed on SDS-PAGE, they were 
transferred to polyvinylidene difluoride (PVDF) 
membranes (Millipore, Billerica, MA, USA), and 
then the membrane was incubated with the pri-
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mary antibodies for MTHFD2 (Cell Signaling 
Technology, Danvers, MA, USA) and GAPDH 
(ProteinTech, Wuhan, Hubei, China). The protein 
bands were determined using corresponding sec-
ondary antibodies, enhanced chemiluminescence 
(ECL) reagents (Meilun, Dalian, Liaoning, China) 
and a GE Typhoon FLA9500 Gel Imaging System 
(GE Healthcare, Pudong, Shanghai, China). The 
optical density of the protein bands was analyzed 
by ImageJ software (NIH, Bethesda, MD, USA).

Cell Counting Kit-8 (CCK-8) Assay
A CCK-8 assay kit (Yeasen, Pudong, Shanghai, 

China) was utilized to analyze the cell prolifera-
tion following the manufacturer’s protocol. Briefly, 
cells were plated in 96-well plates (Corning, Co-
star, NY, USA) at a density of 1×103 cells per well. 
At the indicated time points, 10 μl CCK-8 solution 

was added into each well and the cells were contin-
ued to be cultured at 37°C for an additional 2-4 h. 
The absorbance of each well at the wavelength of 
450 nm was then evaluated with an enzyme-linked 
immunosorbent assay microplate reader.

Table I. Association between serum miR-504-3p expression and different clinical features in pediatric AML patients.

Clinical variables	 No.                       	Serum miR-504-3p expression	 p

		  High	 Low

Gender				    NS
    Male	 71	 31	 40	
    Female	 63	 37	 26	
Age (year)				    NS
    < 20	 62	 28	 34	
    ≥ 20	 72	 40	 32	
BM blasts, %				    NS
    < 50	 67	 32	 35	
    ≥ 50	 67	 36	 31	
WBC counts, ×109/L				    NS
    < 10	 66	 35	 31	
    ≥ 10	 68	 33	 35	
PLT counts, × 109/L				    NS
    < 50	 59	 29	 30	
    ≥ 50	 75	 39	 36	
Extramedullary disease				    NS  
    Absent	 77	 40	 37	
    Present	 57	 28	 29	 0.008
FAB subtype				  
    M0	 10	 6	 4	
    M1	 26	 17	 9	
    M2	 51	 25	 26	
    M4	 31	 11	 20	
    M5	 16	 9	 7	
Cytogenetics				    0.003
    Favorable	 47	 34	 13	
    Intermediate	 42	 22	 20	
    Unfavorable	 45	 12	 33	
Complete remission				    0.008
    Yes	 88	 52	 36	
    No	 46	 16	 30	

Table II. The primers for PCR.

Primer Name	 Sequences

miR-504-3p: Forward	 AGTGCAGGGCAGGGTTT
miR-504-3p: Reverse	 TGGTGTCGTGGAGTCG
MTHFD2: Forward	 GATCCTGGTTGGCGAGAATCC
MTHFD2: Reverse	 TCTGGAAGAGGCAACTGAACA
GAPDH: Forward	 TGGCCTTCCGTGTTCCTAC
GAPDH: Reverse	 GAGTTGCTGTTGAAGTCGCA
U6: Forward	 GCGCGTCGTGAAGCGTTC
U6: Reverse	 GTGCAGGGTCCGAGGT
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Cell Cycle and Apoptosis Detection
Cell cycle and apoptosis analyses were con-

ducted on a BD FACSCalibur system (FACScan; 
BD Biosciences, Franklin Lakes, NJ, USA). Cell 
cycle was examined using a cell cycle detection 
kit purchased from Key-Gen Biotech. Co., Ltd. 
(Haidian, Beijing, China). In short, the HL-60 or 
THP-1 cells were collected and re-suspended in 
solution containing 500 μl propidium iodide (PI) 
(50 μg/ml), 100 μg/mL RNase A and 0.2% Triton 
X-100 for 30 min at 4°C in the dark. Subsequent-
ly, the cells were washed with PBS and the cell 
cycle was measured by flow cytometry. For cell 
apoptosis detection, an Annexin V/PI apoptosis 
assay Kit (Beyotime, Pudong, Shanghai, China) 
was employed. Briefly, after the HL-60 or THP-
1 cells were collected and re-suspended in the 
binding buffer, the cells were stained with An-
nexin V-fluorescein isothiocyanate (FITC) and PI 
for 15-20 min in the dark at room temperature. 
Then, the flow cytometry was utilized to detect 
the apoptotic rates of HL-60 and THP-1 cells.

Transwell Assays
The migratory and invasive abilities of HL-60 

and THP-1 cells were evaluated by transwell as-
says. The upper chambers of transwell inserts (8 
μM pore sized, BD Biosciences, Franklin Lakes, 
NJ, USA) were coated with matrigel (1:8, BD Bio-
sciences, Franklin Lakes, NJ, USA) for invasion 
assay, while migration assay without matrigel. In 
short, cells were collected and suspended in se-
rum-free medium. Next, the cells were added into 
the upper side of the transwell chambers and the 
lower chambers were filled with 350 μl volume 
of medium supplemented with 20% fetal bovine 
serum (FBS) (EverGreen, Hangzhou, Zhejiang, 
China) as chemoattractant. After incubating for 
24 h, the cells that did not invade through the 
membrane were removed by a cotton swab, and 
the cells on the bottom of the membrane were 
fixed with methanol (Beyotime, Pudong, Shang-
hai, China) and stained with 0.1% crystal vio-
let (Sigma-Aldrich, St. Louis, MO, USA). After 
washing with PBS for three times, the images 
were taken with a microscopy microscope (Carl 
Zeiss, Jena, Germany).

Luciferase Reporter Assays
The luciferase reporter assay was performed to 

determine whether MTHFD2 was a direct target 
of miR-504-3p in HL-60 and THP-1 cells. Briefly, 
the 3’-UTR of MTHFD2 mRNA containing wild-
type (MTHFD2 WT) or mutant (MTHFD2 MUT) 

binding sequence of miR-504-3p were construct-
ed into pGL3 Basic vector (Promega, Madison, 
WI, USA) through standard molecular cloning 
approaches by Generay Biotechnology Co., Ltd. 
(Songjiang, Shanghai, China). Subsequently, HL-
60 and THP-1 cells were seeded in 24 well plates 
(Excell Bio, Taicang, Jiangsu, China) at the den-
sity of 1×105 cells per well. Then, Lipofectamine 
2000 reagent (Invitrogen, Carlsbad, CA, USA) 
was utilized to transfect pGL3-MTHFD2 WT or 
pGL3-MTHFD2 MUT plasmids as well as miR-
504-3p mimic or NC mimic. Finally, the lucifer-
ase activity was assessed by Dual Luciferase re-
porter assay kit (Promega Corporation, Madison, 
WI, USA). 

Statistical Analysis
All statistical analyses were conducted us-

ing SPSS 20.0 software (SPSS Inc., Chicago, IL, 
USA). The Student’s t-test was used to compare 
the mean values between two groups. Compari-
sons between multiple groups were performed 
by one-way ANOVA, and comparisons between 
two groups were performed by the Student-New-
man-Keuls (SNK) method. A chi-square test was 
used to analyze the relationship between miR-
504-3p and various clinicopathologic parameters. 
Survival curves were plotted by the Kaplan-Mei-
er method and compared by the log-rank test. A 
Cox’s regression model was used for univariate 
and multivariate analysis. Statistically signifi-
cance was considered as p-values < 0.05.

Results

Downregulation of miR-504-3p 
in AML Patient Samples and Cell Lines
was Correlated with Pathogenic 
Condition and Prognosis

Firstly, we performed RT-PCT to investigate 
whether serum miR-504-3p expression was dys-
regulated in AML patients. As shown in Figure 
1A, we found that the patients with AML had a 
lower serum miR-504-3p expression level than 
the healthy controls (p<0.01). Then, we also ob-
served that the AML patients with the M5 sub-
type had lower serum miR-504-3p levels than 
those with other subtypes. Furthermore, our re-
sults showed that AML patients in favorable risk 
cytogenetic subgroup had dramatically higher 
serum miR-504-3p expression than those in inter-
mediate or unfavorable risk cytogenetic subgroup 
(both p<0.05). Then, the expression levels of miR-
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504-3p and in two AML cell lines and HS-5 cell 
line were detected. As shown in Figure 1D, we 
found that miR-504-3p expression was signifi-
cantly down-regulated in both HL-60 and THP-1. 
Thus, our findings suggested that dysregulation 
of miR-504-3p may be involved in the progres-
sion of AML. In order to study the association 
of miR-504-3p expression with clinicopathologic 
data, the expression levels of serum miR-504-3p 
in AML patients were categorized as low or high 
in relation to the mean value. As shown in Table 
I, we found serum miR-504-3p expression was 
strongly associated with FAB subtype (p=0.008), 
cytogenetics (p=0.003), and complete remission 
(CR) achieving (p=0.008). However, there was 
no association between serum miR-504-3p ex-
pression and other clinical features. In addition, 
Kaplan-Meier survival analysis and log-rank tests 
were carried out on the basis of post-operative sur-
vival time and patients’ characteristics. As shown 
in Figure 1E, the results indicated that patients in 
the low serum miR-504-3p expression group had 
significantly poorer prognosis than those in high 
serum miR-504-3p expression group (p=0.0035). 
Of note, the univariate proportional hazard mod-

el also revealed a statistically significant correla-
tion between overall survival and cytogenetics 
(p=0.013), complete remission (p=0.004), and 
miR-504-3p expression (p=0.001, Table III). More 
importantly, multivariate analysis confirmed that 
miR-504-3p expression (RR=2.945, 95% CI: 
1.215-4.568, p=0.005), in addition to cytogenet-
ics and complete remission, was an independent 
prognostic marker for AML patients (Table III).

The Effects of miR-504-3p 
on the Proliferation, Cell Cycle, 
Apoptosis, Migration and Invasion 
of HL-60 and THP-1 Cells in Vitro

Given that miR-504-3p was downregulated in 
AML tissues and cell lines, it is necessary to evalu-
ate whether enhancing miR-504-3p expression could 
affect biological activity in AML cells. To achieve 
this, HL-60 and THP-1 cells were transfected with 
negative control miRNA mimic (NC mimic) or miR-
504-3p mimic, respectively. Firstly, we performed 
qRT-PCR to determine the expression of miR-504-
3p in HL-60 and THP-1 cells. The data demonstrat-
ed that the relative expression levels of miR-504-3p 
was successfully increased in HL-60 and THP-1 

Figure 1. Down-regulated serum miR-504-3p expression was negatively correlated with prognosis of AML. A, Serum miR-
504-3p levels in AML patients were significantly lower when compared to healthy controls. B, Serum miR-504-3p was reduced 
in AML patients with advanced stages. C, Serum miR-504-3p levels in pediatric AML patients with favorable risk cytoge-
netics were greatly higher than those with intermediate/unfavorable risk cytogenetics. D, Serum miR-504-3p expression was 
downregulated in the AML cell lines HL-60 and THP-1 compared with HS-5. E, Overall survival rate in patients with low 
serum miR-504-3p expression level was significantly worse than that in patients with high serum miR-504-3p expression level 
(log-rank test, p=0.0035). *p<0.05, **p<0.01.
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cells transfected with miR-504-3p mimic compared 
with the cells transfected with NC mimic (Figure 
2A). Subsequently, CCK-8 assays were carried out 
to assess the effects of miR-504-3p on the prolifera-
tion of HL-60 and THP-1 cells. The results indicated 
that transfection of miR-504-3p mimic remarkably 
suppressed the proliferative rates of both HL-60 and 
THP-1 cells (Figure 2B and C). In addition, HL-60 
and THP-1 cells transfected with miR-504-3p mimic 
were further determined by flow cytometry analysis 
to assess their cell-cycle stages and cell apoptosis. 
As the data shown in Figure 2D, overexpression of 
miR-504-3p in HL-60 and THP-1 cells was found to 
induce G0/G1 cell cycle arrest. The data of apoptot-
ic analysis also revealed that transfection of miR-
504-3p mimic resulted in a remarkable decline of 
apoptotic rates in HL-60 and THP-1 cells (Figure 
2E). Moreover, the transwell migration assays sug-
gested that the number of migrated HL-60 or THP-
1 cells was significantly reduced after transfection 
with miR-504-3p mimic (Figure 2F). Analogously, 
the transwell invasion assays demonstrated that the 
invasive abilities of HL-60 and THP-1 cells were 
dramatically decreased when they were transfect-
ed with miR-504-3p mimic (Figure 2G). To sum 
up, these data demonstrated that overexpression 
miR-504-3p not only inhibited the proliferation, 
migration and invasion of HL-60 and THP-1 cells, 
but also induced the cell cycle arrest and cell apop-
tosis, which indicated that miR-504-3p played cru-
cial roles in modulating the biological functions of 
AML cells. 

MTHFD2 was the Direct Target 
of miR-504-3p in HL-60 and THP-1 Cells

To identify the target genes of miR-504-3p reg-
ulating, we next searched the publicly available 
database, miRDB (http://www.mirdb.org/), and 

selected MTHFD2 as the potential downstream 
target gene (Figure 3A). As predicted, the data of 
luciferase assays indicated that ectopic expression 
of miR-504-3p was able to abrogate the lucifer-
ase activity of HL-60 and THP-1 cells transfect-
ed with MTHFD2 wild-type 3’-UTR (MTHFD2 
WT) plasmids, while there were no remarkable in-
hibition effects on HL-60 and THP-1 cells trans-
fected with MTHFD2 mutant 3’-UTR (MTHFD2 
MUT) plasmids (Figure 3B). Besides, qRT-PCR 
assays revealed that overexpression of miR-
504-3p led to a significant decline of MTHFD2 
mRNA expression (Figure 3C). Similarly, the 
results of Western blot assays also demonstrated 
that enhancing the expression of miR-504-3p dra-
matically reduced the protein expression in HL-
60 and THP-1 cells (Figure 3D). Furthermore, the 
correlation between the expression of miR-504-
3p and MTHFD2 in AML patient samples was 
evaluated by Pearson’s correlation analysis. The 
results confirmed that there was a negative cor-
relation between MTHFD2 expression and miR-
504-3p expression in AML samples (Figure 3E). 
Collectively, our results demonstrated that miR-
504-3p repressed MTHFD2 by directly binding to 
its 3’UTR.

Depression of MTHFD2 modulated 
the proliferation, cell cycle, apoptosis, 
migration and invasion 
of HL-60 and THP-1 cells

To further elucidate the effects of miR-504-3p 
on proliferation, cell cycle, apoptosis, migration 
and invasion of AML cells through MTHFD2 re-
pression, siRNAs specific against MTHFD2 (si-
MTHFD2) were transfected into HL-60 and THP-
1 cells. As expected, qRT-PCR assays suggested 
that the si-MTHFD2 siRNAs were able to reduce 

Table III. Univariate and multivariate analysis of overall survival in AML patients.

Variable		  Univariate analysis			   Multivariate analysis 
	
	 RR	 95% CI	 p	 RR	 95% CI	 p

Gender	 1.721	 0.784-2.325	 0.166	 –	 –	 –
Age	 1.643	 0.855-2.217	 0.189	 –	 –	 –
BM blasts, %	 1.544	 0.578-2.132	 0.245	 –	 –	 –
WBC counts, ×109/L	 2.216	 1.122-2.657	 0.096	 –	 –	 –
PLT counts, × 109/L	 1.423	 0.739-2.234	 0.162	 –	 –	 –
Extramedullary disease	 1.674	 0.844-2.457	 0.149	 –	 –	 –
Cytogenetics	 2.896	 1.327-4.428	 0.013	 2.556	 1.159-3.943	 0.025
Complete remission	 3.217	 1.558-4.532	 0.004	 2.784	 1.237-4.165	 0.009
miR-504-3p expression	 3.856	 1.479-5.438	 0.001	 2.945	 1.215-4.568	 0.005
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the relative mRNA levels effectively in AML cells 
(Figure 4A). Thereafter, we employed CCK-8 as-
says to assess the alteration of proliferative rates 
in HL-60 and THP-1 cells when MTHFD2 was 
silenced by siRNAs. As the data presented in Fig-
ure 4B and C, depletion of MTHFD2 resulted in 
a notable reduction of proliferation in HL-60 and 
THP-1 cells compared with the control cells. Ad-
ditionally, the flow cytometry analysis was further 
conducted to evaluate the cell cycle and apoptosis 
of HL-60 and THP-1 cells. According to the data, 
knockdown of MTHFD2 markedly induced cell 
cycle arrest at G0/G1 stage (Figure 4D). The re-
sults of apoptosis assays by flow cytometry clearly 

proved that the apoptotic rates of HL-60 and THP-
1 cells transfected with si-MTHFD2 were obvi-
ously increased when compared with the controls 
(Figure 4E). Moreover, the cell migratory and in-
vasive capabilities were evaluated using transwell 
assays. The results suggested that suppressing the 
expression of MTHFD2 significantly reduced the 
migratory abilities of HL-60 and THP-1 cells (Fig-
ure 4F). Similarly, by conducting transwell inva-
sion assays, we found that silence of MTHFD2 was 
able to inhibit the invasive capabilities of HL-60 
and THP-1 cells (Figure 4G). Taken together, these 
findings suggested that repression of MTHFD2 
impaired cellular proliferation and invasion in HL-

Figure 2. Overexpression of miR-504-3p affected the proliferation, cell cycle, apoptosis, migration and invasion of HL-60 
and THP-1 cells. A, Expression of miR-504-3p in HL-60 and THP-1 cells was examined by qRT-PCR assays. (B and C) The 
proliferation rates of HL-60 and THP-1 cells were determined by CCK-8 assays. D, Cell cycle analysis of HL-60 and THP-1 
cells after treatment with miR-504-3p mimic or NC mimic. E, The apoptotic rates of HL-60 and THP-1 cells transfected with 
miR-504-3p mimic or NC mimic were determined by flow cytometry analysis. F, Transwell analysis of HL-60 and THP-1 cells 
migration after transfecting with miR-504-3p mimic or NC mimic. G, The transwell invasion assays assessed the invasive cell 
number of HL-60 and THP-1 cells. *p<0.05, **p<0.01.
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60 and THP-1 cells, which implied that MTHFD2 
was involved in modulating the development and 
progression of AML.

Discussion

AML is a heterogeneous disease that is associat-
ed with a very poor prognosis. Identification of novel 
diagnostic and prognostic biomarkers for AML pa-
tients is very important for clinical management22,23. 
Recently, the researches on the role of miRNAs 

highlighted its potential to be novel biomarkers for 
various tumors, including AML24,25. In this study, 
our attention focused on a tumor-related miRNA 
whose expression pattern and function in AML 
have not been reported. We found that miR-504-3p 
expression was significantly down-regulated in both 
AML patients and cell lines. Low serum miR-504-
3p expression was positively associated with FAB 
subtype, cytogenetics, and complete remission (CR) 
achieving, suggesting that miR-504-3p may act as a 
negative regulator in clinical progression of AML. 
Clinical survival assay showed this trend that low 

Figure 3. miR-504-3p directly targeted MTHFD2 in AML cells. A, The putative and mutated miR-504-3p binding sequences 
in the 3’-untranslated region (3’-UTR) of MTHFD2 were predicted by bioinformatics tool “miRBD”. B, Luciferase reporter as-
says evaluated the luciferase activity of HL-60 and THP-1 cells under various experimental conditions. C, The relative mRNA 
expression of MTHFD2 detected by qRT-PCR assays. D, The protein expression of MTHFD2 detected by Western blot. E, The 
relationship between miR-504-3p and MTHFD2 expression evaluated by Pearson’s correlation analysis. *p<0.05, **p<0.01.
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serum miR-504-3p expression was associated short-
er overall survival. Most importantly, the results of 
multivariate analysis revealed that miR-504-3p ex-
pression could be an independent prognostic marker 
for AML patients. To our best knowledge, this study 
is the first to report that miR-504-3p was frequently 
dysregulated in AML and may be used as a poten-
tial prognostic biomarker. 

miR-504-3p, located at Xq26.3, has been shown 
to be involved in various biological processes, in-
cluding adipogenesis, angiogenesis and prolifera-
tion and cell cycle26,27. Growing evidence indicated 

that miR-504-3p acted as a tumor suppressor or 
oncogene in several tumors. For instance, Quan 
et al28 reported that miR-504 levels were signifi-
cantly down-regulated in hepatocellular carcinoma 
and served as a tumor suppressor by inhibiting the 
proliferation and invasion in hepatocellular carci-
noma cell lines via modulating Frizzled-7-mediat-
ed-Wnt/β-catenin signaling. Ye et al29 showed that 
miR-504 was notably downregulated in non-small 
cell lung cancer and associated with advanced 
clinical stages. In vitro assay revealed that over-
expression of miR-504 could inhibits cell prolif-

A

D

F

B

E

G

C

Figure 4. Knockdown of MTHFD2 inhibited cell proliferation, induced cell cycle arrest and apoptosis, and suppressed 
cell migration as well as invasion in vitro. A, qRT-PCR assay confirmed that MTHFD2 was downregulated in si-MTHFD2 
transfected HL-60 and THP-1 cells, compared with those transfected with si-Control. (B and C) CCK-8 assays evaluated the 
proliferative rates of HL-60 and THP-1 cells transfected with si-MTHFD2 or si-Control. D, Decreased expression of MTHFD2 
induced HL-60 and THP-1 cells cycle arrest at G0/G1 stage, as detected by flow cytometry. E, The apoptotic rates of HL-60 
and THP-1 cells were evaluated by flow cytometry analysis. F, Downregulated MTHFD2 expression inhibited migratory capa-
bilities of HL-60 and THP-1 cells, as determined by transwell migration assays. G, The invasive abilities of HL-60 and THP-1 
cells assessed using transwell invasion assays. *p<0.05, **p<0.01.
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eration and invasion by targeting LOXL2. On the 
other hand, Cai et al30 indicated that miR-504 was 
highly expressed in osteosarcoma and its forced 
expression promotes tumour growth and metasta-
sis, and induces apoptosis in human osteosarcoma 
by targeting TP53INP1 both in vitro and in vivo. 
Those results indicated that the role of miR-504 
in different tumor was varied. In this study, based 
on clinical data, we hypothesized miR-504-3p as 
a tumor suppressor in AML. Then, we performed 
gain-of-function experiments. Our results indi-
cated that ectopic expression of miR-504-3p sup-
pressed the proliferation, migration and invasion 
of AML cells. Our results together with previous 
studies indicated that miR-504-3p functioned as a 
tumor suppressor miRNA in AML.

Methylenetetrahydrofolate dehydrogenase 2 
(MTHFD2), located on chromosome 2, is a mito-
chondrial enzyme with methylenetetrahydrofolate 
dehydrogenase and methylenetetrahydrofolate cy-
clohydrolase activities31,32. MTHFD2 is the most 
distinctively expressed metabolic enzyme be-
tween cancer cells and normal cells, including nor-
mal proliferating cells33. Scholars34,35 showed that 
MTHFD2 was frequently highly expressed in sev-
eral tumors and may serve as a tumor promoter by 
promoting cells proliferation. Of note, knockdown 
of MTHFD2 in AML cells decreased growth, in-
duced differentiation, and impaired colony forma-
tion in primary AML blasts, suggesting that it have 
potential to be a drug targeting36,37. In this work, 
bioinformatics analysis from TargetScan database 
indicated that MTHFD2 was one of miR-504-3p’s 
targets and this was confirmed by luciferase re-
porter assay and Western blot assay. For the first 
time, we found that MTHFD2 was inversely cor-
related with miR-504-3p levels. The rescue assay 
confirmed that up-regulation of MTHFD2 could to 
some extent offset miR-504-3p’s tumor suppressive 
effects. Taken together, miR-504-3p acted as a tu-
mor suppressor in gastric cancer by downregulat-
ing MTHFD2.

Conclusions

To the best of our knowledge, the present study 
was the first to indicate that miR-504-3p was sig-
nificantly in AML patients and was also signifi-
cantly associated with aggressive tumor pheno-
type and poor prognosis in patients with AML. 
Overexpression of miR-504-3p significantly sup-
pressed AML cells proliferation and metastasis by 
targeting MTHFD2. Thus, our findings provided 

basic information to better understand AML biol-
ogy and could help to facilitate the development 
of miRNA-based anti-tumor strategies. 
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