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Abstract
Objective: The present study investigated the role of miR-181a as a small non-coding RNA molecule in acute myeloid 
leukemia (AML) pathogenesis and reflected on the effects of Sulforaphane (SFN) on AML progression.

Materials and Methods: This experimental study had two parts. In vivo study, the miR-181a levels was measured in 
patients with symptoms of AML and compared to healthy controls (HCs) to investigate its role in AML pathogenesis. 
Afterward, an in vitro study was performed to examine the effects of SFN on the growth, apoptosis and proliferation rate 
of AML cell lines. Finally, the effect of SFN on miR-181a was evaluated as a major miRNA involved in hematopoiesis.  

Results: The results of this study showed an increasing trend (2.9-fold, P=0.0019) in miR-181a expression levels 
in AML patients as compared with HCs. The data associated with MTT assay and flow cytometry (FCM) additionally 
demonstrated the anti-proliferative effects of SFN against AML cell lines, with a reduction in miR-181a levels. As well, 
no significant difference was noted between 24 hours and 48 hours treatments by SFN. It was deduced that modulation 
of miR-181a expression levels could be one of the mechanisms associated with the anti-proliferative effects of SFN 
against AML. 

Conclusion: MiR-181a levels contribute to AML pathogenesis and thus they can be considered as a strategy in 
controlling AML progression in patients. Accordingly, SFN can arrest cell proliferation and induce apoptosis in AML cell 
lines through retardation expression of miR-181a and affecting miR-181a pathway, which already clarified its role in the 
differentiation of hematopoietic stem cells and indicates another mode of anti-cancer action of sulforaphane.
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Introduction 

Acute myeloid leukemia (AML) is known as an 
invasive malignancy of the precursor cells of the blood 
(1-3). It is also the most common type of cancer resulting 
from genetic mutations, which can disturb differentiation 
and apoptosis (4, 5). Disturbance in molecular pathways 
as well as regulation by some biomarkers such as 
microRNAs (miRNAs), is thus one cause of this disease 
(6). These sections or transcripts are referred to as non-
coding RNAs, with a length of 19-25 nucleotides, playing 
several roles in the cells produced by RNA polymerase II 
or III (7). 

MiRNAs show different physiological behaviors and 
pathological conditions. In addition to tumor suppressor 
genes, oncogenes, and chromosomal changes, considered 
to be the main causes of cancer, miRNAs can also play a 
role the in cancer process (2, 8). Evidence suggests that 
miRNAs can be diagnostic and therapeutic biomarkers 
due to their role in pathogens. Studies have further 
demonstrated the key role of miR-181a in the maintenance 

of cells and their pathological effects in hematopoietic 
neoplasms (9). Moreover, miR-181a can directly inhibit 
the differentiation of granulocytes and quasi-macrophages 
by protein kinase C delta (PRKCD), calcium/calmodulin-
dependent protein kinase kinase 1 (CAMKK1), and CTD 
small phosphatase-like (CTDSPL) mRNAs. PRKCD is 
also required for phorbol myristate acetate (PMA) or all-
trans retinoic acid (ATRA) induction for the differentiation 
of myeloid leukemia, and it is a regulator of p38 upstream, 
which can lead to the phosphorylation of p38 (10). 

Today, with the growing use of natural antioxidant 
compounds, their beneficial effects are being examined 
by many clinical studies. In addition to the importance of 
auxiliary compounds (including antioxidants) in reducing 
chemotherapy side effects, they may be also important 
in cellular pathways and have an effective new role in 
cancer treatment strategies (11). Sulforaphane (SFN), as a 
natural antioxidant, is an alternative product derived from 
the metabolism of cabbage, and its photochemical activity 
is high (12). The anti-cancer effects of isothiocyanate 
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in cabbage are attributed to the N=C=S group. These 
vegetables are rich in SFN, and are respected as anti-
cancer drugs (13).

 SFN can reduce existing leukemia cells by arresting 
the G/M phase in the cell cycle and induction of apoptosis. 
through escalating reactive oxygen species (ROS) and calcium 
ions (Ca2+) as well as activating some caspase proteins (14). 
In addition, in previous studies, SFN has been reported to 
moderate the development and severity of AML by controlling 
some miRNAs by altering their expressions (2). 

Some studies have further shown that SFN has various 
protective functions against cell damage and tumor processes 
(15). Overall, SFN has an inhibitory effect on the growth 
and development of tumors. In addition, SFN can affect the 
epigenetic control of some key cancer genes resulting in 
reducing the progression and recurrence of cancer and thus 
improve patient survival (16). Although many studies have 
investigated the anti-cancer activities of this antioxidant (17, 
18), few investigations have so far examined the effects of 
SFN on leukemia cells and miRNA expression levels (2). 
The main objective of this study was to evaluate the effects of 
SFN on the expression levels of miR-181a in AML cell lines, 
and AML patients and healthy individuals. The results of the 
present study may illustrate a new function for the anti-cancer 
potential of SFN.

Materials and Methods 
Human specimens

The experimental part of this research (in vivo study) was 
to evaluate the pathologically changes in level of miR-181a 
in AML patients. For this purpose, the blood samples of the 
cases infected with AML were gained from the Hematology 
and Oncology Department of Shahid Mohammadi Hospital 
based in the city of Bandar Abbas. The study was confirmed 
by the Ethics and Human Rights Committee affiliated with 
Hormozgan University of Medical Sciences (HUMS), 
Bandar Abbas, Iran (HUMS.REC.1394.84). The informed 
consent form was distributed and signed by all the subjects 
before their participation. 

Cell-lines
Based on numerous previous studies and upon determining 

the features of each cell line (16), four well-known AML cell 
lines were selected for in vitro part of our study. The selected 
sell lines are mostly promyelocytes and poorly differentiated 
cells. The selected AML cell lines were U937 (AML-M4/
M5 monoblasts) (NCBI code, C130), HL-60 (AML-M2 
myeloblasts) (NCBI code, C217), NB-4 (AML-M3 
promyelocytes) (NCBI code, C 515), and KG-1 (myeloblast 
or promyelocyte stage of maturation) (NCBI code, C119), 
obtained from Pasteur Institute of Iran (http://pasteur.ac.ir). 
Less than 12 hours after being obtained, each of the four cell 
lines was passaged in the Roswell Park Memorial Institute 
(RPMI)-1640 medium (Invitrogen, Germany), consisting 
of 10% fetal bovine serum (FBS, Gibco, Germany) and 1% 
penicillin-streptomycin (pen-strep) solution (Invitrogen, 
Germany), maintained at 95% humidity, a temperature of 

37˚C, and 5% carbon dioxide (CO2). The growth rate was 
calculated in base of the No. of viable cells [((The No. of 
viable cells each time of measuring *100)/The No. of viable 
cells in previous measuring)-100] and stated in percentage.

Cell proliferation assay
The effects of D, L-SFN (S4441) on the proliferation 

of the AML cell lines were evaluated by MTT 
(3-(4,5-dimethylthiazol-2-yl) -2,5-diphenyltetrazolium 
bromide) (Sigma-Aldrich, USA) assay. 

To perform the MTT assay, the number of U-937, 
NB-4, HL-60, as well as KG-1 cells were counted by 
a hemocytometer, and then they were cultured in a 96-
well plate (U-937: 8000; NB-4: 20000; HL-60: 15000;  
KG-1: 10000 cells in base of IC50), and incubated for 2 
hours under standard conditions. According to previous 
studies (2, 19), 15, 30, 45, and 60 µM concentrations of 
SFN (Sigma-Aldrich, USA) were selected . However, 
the given doses were evaluated independently and their 
toxicity was assessed according to the half-maximal 
inhibitory concentration (IC50) measurement. Then, the 
cells were treated with the selected SFN concentration for 
24 and 48 hours. After incubation for 24 hours, 20 μl of 
MTT solution was added at the final concentration of 0.5 
mg/ml to each well and  incubated at 37˚C for 4 hours 
(2). They were subsequently centrifuged for 10 minutes at 
4000 g and the crystals formed were dissolved in 150 μl 
dimethyl sulfoxide (DMSO). Finally, absorption of each 
well was measured at 495 nm using a micro-plate reader 
(Anthos 2020, England). 

RNA extraction 
RNA was extracted from the blood samples with ZR 

Whole Blood RNA MiniPrep™ kit (ZYMO RESEARCH, 
Irvine, CA), and then exposed to miScript II RT Kit (Qiagen, 
Germany) to synthesize cDNA followed by a real-time 
polymerase chain reaction (RT-PCR) (miScript SYBR 
Green PCR kit from Qiagen, Germany). To determine the 
total RNA of the cell lines after an interval (24 hours and 
48 hours), TriPure Isolation Reagent (Roche, Germany) 
kit was applied as per the manufacturer’s instructions. 

RNA quantity and quality analysis
A NanoDrop® ND-1000 Spectrophotometer (Thermo 

Scientific, Germany) was used to determine the purity and 
the quantity of RNA and cDNA. It should be noted that 
pure RNA has a photoconductivity ratio of 280/260, 1.9 to 
2 times, which could refer to suitable purity of extracted 
total RNAs. To evaluate quality, the extracted RNAs were 
run on 1% agarose gel. The quality of the extracted RNA 
is considered acceptable when the gel had three bands of 
28, 18, and 5S, and the intensity of 28S band was two 
times higher than that of the 18 s band. All of the extracted 
samples had good quality in this research.

Real time-polymerase chain reaction
To detect the miR-181a expression levels in AML cell 
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lines, the entire extracted RNA of the cell lines and the patients 
were exposed to miScript II RT Kit (Qiagen, Germany) 
for cDNA synthesis. Then, 1 ng of this extracted RNA was 
used to prepare the reverse transcription reaction mixer with 
a volume of 20 μl. The cDNA samples were subsequently 
stored at -20˚C until use. The miR-181a and the RNU6 
(as housekeeping) primers were also utilized from Qiagen 
(Cat.No. MS00008827 for miR-181a and MS00033740 for 
RNU6). RT-PCR was further used and the miScript SYBR® 
Green PCR Kit (Qiagen, Germany) was applied in accordance 
with the company’s directions. Briefly, the RT-PCR program 
was as follows: the primary shock was at 95˚C for 5 minutes 
accompanied by 40 cycles at 94˚C for 15 s (denaturation), at 
55˚C for 30 s (annealing), and finally 70˚C for 30 seconds 
(extension) (2). After amplification, the relationship between 
miR-181a expression levels was obtained by dividing the 
miR-181a mRNA values by the U-6 gene mRNA values in 
each sample. Each experiment was repeated at least two times 
and done on three repeats for each time.

Apoptosis analysis 
The fluorescein isothiocyanate (FITC) Annexin-V kit 

(Cat No. 640922, BioLegend, UK) was utilized to measure 
the effects of SFN on cell apoptosis. The two AML cell 
lines, KG-1 and HL-60, were evaluated after being treated 
with SFN. 

The doses of SFN used in this study (15, 30, 45, 
and 60 μM) were evaluated over two time intervals 
(24 hours and 48 hours). The cells were collected and 
suspended in 2 ml phosphate-buffered saline (PBS, Cat 
No. 10010049, Gibco, Thermo Fisher Scientific, Inc.). 
After that according to manufactures’ instructions, 

FITC (5 µL), Annexin V (5 µL), and 7-AAD (10 µL) 
were added to cell suspension (900 μl ) in each tube, 
and incubated in the dark condition for 15 min at room 
temperature (25˚C). Then, 300 μl of the binding buffer 
was added to each tube, and analysis was performed 
by flow cytometry (FACS, Becton Dickinson, Franklin 
Lakes, NJ, USA). The Flow Jo software was used to 
analyze the data.

Statistical analysis 

The IBM SPSS Statistics software (version 21, IMB, 
USA), Microsoft Excel software and GraphPad Prism-5 
were used for statistical analyses and P≤0.05 were considered 
to be statistically significant. Kolmogorov-Smirnov test was 
applied to check data distribution and normality. Expression 
of miR-181a was evaluated by 2-∆∆Ct. Accordingly, Wilcoxon 
two-sample test, Mann-Whitney U test, and finally Student’s 
t test were utilized for detecting significant differences 
between expression levels. 

Results
Demographic results 
The patients and the controls were matched in terms of 
gender, age, and ethnicity as much as possible (2) (Table 1). 

Cytotoxic effects of SFN on various cell types 
The effects of SFN on the growth rate were evaluated 

by incubation of AML cell lines with various its 
concentrations for 24 hours and 48 hours. Results were 
shown as changes in percentages as compared with non-
treated cells (SFN concentration was zero), that were 
randomly assigned as 100% viability. 

Table 1: Demographic characteristics of AML patients and HC groups

Variables AML patient (n=25) Healthy control (n=25) P value

Age (Min-Max) (Y) 52.5 (± 22.51) (3-79) 52.4 (± 22.40) (4-77) 0.981
      ≤50 12 (48) 12 (48)
      >50 13(52) 13(52)

Gender 0.642
     Female 10 (40) 10 (40)
     Male 15 (60) 15 (60)

% blast cells (Min-Max) 71.2% (± 20.8) (28-94) 0
    % Blast ≤70 9 (36.0) 0
    % Blast >70 16 (64.0) 0

AML stage
     M1 4 (16.0) 0
     M2 12 (48.0) 0
     M4 5 (20.0) 0
     M5 5 (20.0) 0  

Data are presented as mean ± SD or n (%). AML; Acute myeloid leukemia and HC; Healthy control.
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Quantification of the number of cells in all cell 
lines treated with SFN revealed that the cell viability 
decreased at higher concentrations of SFN in both 
tested time  points  (24 and 48 hours).The growth rate 
of the cell lines also declined in plates treated with 
SFN, indicating an inverse relationship between SFN 
concentration and the growth rate of the cells. The 
highest and the lowest number of living cells were 
observed at 15 and 60 μM SFN; respectively. The 
number of dead cells correspondingly increased as 
SFN concentration multiplied (Fig.1).

 

Fig.1: Effects of concentration and exposure duration of SFN on 
growth rates of AML cell lines. A. HL60, B. KG-1, C. U-937, and D. 
NB-4 were evaluated. Each datum was expressed as changes in the 
percentages of treated cells as compared with non-treated ones. The 
data were obtained from the number of viable cells based on the MTT 
assay. The Y-axis shows cell proliferation (changes in percentages of 
HC group). SFN; Sulforaphane, AML; Acute myeloid  leukemia, and HC; 
Healthy controls.

Apoptosis assays of different SFN concentrations for 
KG-1 and HL-60 cell-lines

To evaluate the effects of SFN on inducing apoptosis, 
HL-60 and KG-1 cell lines (representing aggressive and 
mild AML cell lines, respectively) were treated with 
different SFN concentrations (15, 30, 45, and 60 μM) for 
48 hours. The HC groups (non-treated cells) and cell lines 
treated with doxorubicin (DOX) (as an anti-cancerous 
apoptotic agent) were also considered as the negative 
and positive controls; respectively. The results showed 
that treatment of HL-60 and KG-1 cells with 60 μM of 
SFN could induce the highest apoptosis rate (17.9% and 
46.6%, respectively), and the lowest apoptosis rate had 
similarly occurred when HL-60 (4.5%) and KG-1 cells 
(6.7%) were treated by 15 μM SFN.

Respectively, 12.3 and 5.6 % of cells were engaged in 
early and late apoptosis at the presence of 60 μM SFN. 
The lowest initial apoptosis rate (3%) was observed in the 
treatment with 15 and 30μM SFN (Fig.2) in the KG-1 cell-

line. The apoptosis percentage at different doses of SFN 
demonstrated that the highest apoptosis rate appeared at a 
dose of 60 μM (46.6%), followed by 45, 30, and 15 μM, 
showing the highest apoptosis rate with ratios of 20.7%, 
10.58%, and 6.59%; respectively. The highest early 
(26.3%) and late (20.3%) apoptosis rates also happened at 
60 μM SFN, and the lowest early (4.7%) and late apoptosis 
(1.9%) rates were arisen at 15 μM SFN, respectively, for 
KG-1 cell-lines. The necrosis rate at the mentioned doses 
was roughly low. Increasing early apoptosis converged 
with rising doses of SFN in both HL-60 and KG-1 cell 
lines indicated the anti-proliferative effects of SFN. 

Fig.2: Effects of different concentrations of sulforaphane to induce 
apoptosis in cell lines after 48 hours treatment. The obtained data of 
flow-cytometry in cell lines A. HL60 and B. KG1 were shown. 

Disruption of MiR-181a expression level in human 
samples

Comparison of miR-181a expression levels between 
patients and HC samples showed that miR-181a expression 
levels were considerably enhanced (Fig.3A) in the patients 
(P=0.0019). In the M1 stage of the disease, miR-181a 
expression level in the patient group were increased 2.21-
fold and in the M2 stage, 2.9-fold that of the HC group, 
whereas, no significant changes were observed (M4=0.94 
and M5=1.03) in higher stages in comparison with HCs. 
In other words, gene expression levels were more greatly 
increased in the first stages (i.e., M1 and M2) than in the 
higher stages (namely, M3 and M4). This difference of 
changes in miR-181a expression levels between lower 
stages (M1 and M2) in comparison with higher stages 
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(M3 and M4) was significant (P=0.0318, Fig.3B).

Fig.3: The level of miR-181a in blood of patients suffered from AML 
compared to HC. A. Comparison with AML patients and HCs and B. 
Comaprison between lower sub-types (AML and M1+M2) and higher 
sub-types (AML and M3+M4). AML; Acute myeloid leukemia, HC; 
Healthy control, and M1-M4; Subtypes of acute myeloid leukemia 1 to 4.

Reduction of MiR-181a expression levels in different 
cell lines by increasing concentration and duration of 
treatment with SFN

Our data demonstrated that miR-181a expression levels 
significantly reduced in all treated cell lines compared 
with the untreated ones (Fig.4). The decline in miR-181a 
expression levels was also observed following a rise in 
SFN concentrations in the treated cells. Moreover, miR-
181a expression levels gradually diminished during the 
24 and 48 hours intervals, though the decline was much 
more pronounced at the end of the 24 hours period than 
the 48 hours. At the end of 24 hours, miR-181a expression 
levels decreased by 0.96-, 0.64-, and 0.41-folds in the 
HL-60 cell-lines treated with 15, 30, and 45 µM of SFN; 
respectively. 

This pattern was 0.49-, 0.26-, and 0.06-folds for the 
KG-1 cell line; 0.66-, 0.46-, and 0.11-folds for the U-937 

cell line; and 0.26-, 0.16-, and 0.12-folds for the NB4 cell 
line (P<0.001); respectively. The same descending trend 
in miR-181a expression level was further observed after 
48h treatment with different concentrations of SFN, but 
no significant difference was notable between 24 and 
48 hours treatments (Fig.4). At the end of the 48 hours 
treatment with 15, 30 and, 45 µM of SFN, the miR-
181a expression levels decreased by 0.87-, 0.38-, and 
0.11-folds for HL-60. As well the given levels reduced by 
0.53-, 0.22-, and 0.03-folds for the KG1 cell line; 0.51-, 
0.22-, and 0.09-folds for the U-937 cell line; and 0.31-, 
0.21-, and 0.15-folds for the NB-4 cell-line; respectively 
(P<0.001, Fig.4).

Fig.4: The level of miR-181a under 24 and 48 hours treatments with 
various SFN doses compared in all four studied AML cell lines A. HL60, 
B. KG-1, C. U-937 and D. NB-4. Y-axis represents relative expression 
(2-ΔΔCt). NT0; Zero concentration of SFN, SFN; Sulforaphane, and AML; 
Acute myeloid leukemia

Discussion 
AML is caused by the accumulation of myeloid precursors 

in the bone marrow for a variety of reasons. In addition to 
recent routine treatments, some complementary therapies 
have been thus far suggested. Some of the advocated 
compounds are antioxidant-based supplements that may 
eliminate several side effects of chemical treatments. 
One of these compounds is the antioxidant SFN, whose 
effects have been studied in cancers including apoptosis, 
angiogenesis, and metastasis, chromatin structure and 
DNA stability, cell cycle and checkpoints, inflammation 
and oxidative stress, and cell signaling (20). Mechanisms 
associated with AML are still being debated.

MiRNAs can significantly contribute to AML and 
consequently control the differentiation of hematopoietic 
and tumor cells. On the other hand, any disturbance in their 
expression levels can cause hematopoietic malignancies, 
including AML (21-23). In this respect, Liu et al. (24) 
have revealed that miR-181a expression levels increased 
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in AML patients, accompanied by a rise in proliferation 
in AML cell lines as well as regulation of transition from 
stage S to G1 by this miRNA. It has been further shown 
that miR-181a leads to inhibition of macrophage-like and 
granulocyte differentiation in HL-60 cells (10). What has 
been reported in a previous study was the relationship 
between high expression levels of miR-181a and higher 
French-American-British (FAB) system percentage of 
AML M1/M2, higher blood blasts, and better treatment 
responses (25).

In the present research, miR-181a expression levels 
were first assessed in vivo and AML patients and HC 
samples. Our findings suggested that SFN has anti-
cancer effects. In addition, a few investigations had been 
conducted on the effects of SFN on the expression levels. 
Therefore, the present study aimed to reflect on the effects 
of SFN on miR-181a expression levels in AML cell lines. 
According to this study, expression levels in patients with 
AML samples were significantly higher than those in HC.

The results of the present study were consistent with 
some previous studies (9, 26). Debernardi et al. (26) have 
highlighted an association between miR-181a and AML 
subtypes. Moreover, miR-181a expression levels were 
higher in AML-M1 or AML-M2 compared with samples 
with the above morphology, AML-M4 or AML-M5. The 
miR-181a expression levels were further high in AML 
subtypes. Nonetheless, overexpression of miR-181a in 
AML cells could lead to inhibition of cell growth and 
metabolic activity (9). 

Here we showed that the antioxidant SFN increased 
mortality in AML cells and even apoptosis. Where the 
growth rate and the number of AML cells diminished 
as concentration and exposure time of SFN increased. 
Koolivand et al. (2) have previously reported that SFN use 
could reduce miRNA expression levels. They found that 
miR-155 expression levels could be dependent on SFN 
doses. In another study, Suppipat et al. (27) demonstrated 
that SFN in leukemic cells could initiate apoptosis and 
arrest of the cell cycle in G2/M by activating caspases (3, 
8, and 9) and inactivating poly ADP-ribose polymerase 
(PARP). SFN has been also indicated to induce toxicity 
to HL-60 cells (28).  Other studies also reported that SFN 
act as a potent compound to arrest cell-cycle and induce 
apoptosis in cancer cells and suggested its contributing 
factor to combination cancer therapy (29, 30). 

In this study, significant pathological changes of miR-
181a were observed in AML patients that is likely involved 
in AML progression. Increasing apoptosis of AML cell 
lines was also accompanied by decreasing miR-181a 
expression levels. Higher miR-181a expression levels 
were interestingly observed   at the presence of higher 
concentration of SFN and longer exposure time to it. 

It can be deduced that control of miR-181a expression 
levels is probably one of the goals associated with SFN use 
for its anti-proliferative effects against AML. Analyzing 
the anti-leukemia activity of miR-181a in AML, Huang 
et al. (31), have also found that suppressing miR-181a 

expression levels by anti-miR-181a could activate 
certain pathways such as Kirsten rat sarcoma 2 viral 
oncogene homolog) gene (KRAS), NRAS proto-oncogene, 
GTPase (NRAS), and mitogen-activated protein kinase 1 
(MAPK1). This property indicated that miR-181a had 
tumor-suppressing and oncogenic functions. 

To conclude, our results show that miR-181a can be 
affected by SFN. It seems that SFN may have inhibitory 
effects on AML progression by altering miR-181a 
expression levels. However, further studies are needed in 
the future to estimate the contribution of the changes in 
miR-181a expression levels with relative improvements 
in AML patients’ conditions.

Conclusion
MiR-181a can be suggested as a candidate prognostic 

marker for the evaluation of AML progression as well 
as the effectiveness of treatments. In this study, the anti-
proliferative effects of SFN against AML cells were also 
observed, which converged with decreasing levels of 
miR-181a. Also, it seems that SFN induced its anti-cancer 
effects against AML cell lines through the miR-181a 
pathway involved in the differentiation of hematopoietic 
stem cells. 
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