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Abstract
Acute myeloid leukemia (AML) has the highest rate of mortality among the leukemias. Disruption in miRNAs level is 
involved in the pathogenesis of the disease. The miR-155 has a role in primary differentiation of myeloid progenitor. 
Meanwhile, there is little knowledge about the effects of sulforaphane against leukemia. The present study tried to evaluate 
pathologic effect of miR-155 in patients in various subgroups of AML, and then pioneered in assessing miR-155 levels by the 
effect of sulforaphane in different AML cell lines. The miR-155 level was significantly higher in patients with AML compared 
to the controls. Interestingly, the increase in miR-155 was converged with raising the subtype of AML (from M1 to M5). 
The miR-155 levels increased by 1.2 times in patients with M1, but this increase reached 2.5 times in the patients in the M5 
subgroup. Sulforaphane reduced the number of live cells and increased the mortality rate of AML cells particularly by induc-
tion of apoptosis. However, the anti-proliferative effect of this agent was more dominant and could dose-dependently lessen 
miR-155 levels in myeloid leukemia cells. More or less, about 80% reduction in miR-155 expression was almost observed 
after 48 h treatment with 60 µM sulforaphane in all four studied cell lines. The obtained results indicated that miR-155 might 
function as an oncomir in AML and can potentially be considered as a prognosis biomarker for AML. The anti-cancer effects 
of sulforaphane can be correlated with reduction of miR-155 levels. These findings suggested that sulforaphane could induce 
more differentiation in myeloid progenitor cells through controlling the miR-155, thereby mitigating the progress of AML.
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Introduction

Acute myeloid leukemia (AML) is a malignancy in hemat-
opoietic progenitor cells. A clear characteristic of this dis-
ease is the loss of normal differentiation and proliferation 
of myeloid precursors [1, 2]. It is the most common acute 
leukemia among adults and has the highest incidence of 
mortality among different types of leukemia in the United 
States, with an annual incidence of 3.7 per 100,000 people 
[3]. Survival rates are low in patients with AML in compari-
son with other leukemias and almost one out of every four 
adults will have a lifespan of more than 5 years [4].

Non-coding RNAs including microRNAs (miRNAs), 
which play a key role in numerous pathological and physi-
ological pathways, regulate more than 30% of human pro-
tein-encoding genes [5]. MicroRNAs could be regulated and 
transcribed independently [6]. Several studies have indicated 
that any impairment in miRNAs levels could affect the reg-
ulation of cellular differentiation, proliferation, division, 
apoptosis, and other mechanisms, which consequently have 
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a role in the development of cancer [7]. Hence, due to being 
involved in pathogenesis, microRNAs could be considered 
as a diagnostic and/or therapeutic biomarker [8, 9].

MicroRNA-155 is associated with differentiation of mye-
loid and erythroid cells. Indeed, it has an inhibitory effect on 
the primary differentiation of hematopoiesis. Studies have 
also shown that alterations in level of miR-155 in hemat-
opoietic stem cells contribute to the development of myeloid 
disorders in the bone marrow [10]. Elevated levels of miR-
155 have been reported in certain types of lymphoma [11]. 
It has also been found that any impairment in the expression 
of miR-155 can be associated with different types of cancer 
(with an oncogenic role), cardiovascular disease, and viral 
infection [12].

Sulforaphane is a sub-product derived from the metabo-
lism of cabbage in the body. Meanwhile, the antimicrobial 
effects of cabbage are often attributed to isothiocyanates, 
which are the major compounds whose N=C=S group 
affects cancer cells [13]. It has also been shown that sul-
foraphane could activate apoptosis pathways in cancer cells. 
It seems that this compound can activate the pre-apoptotic 
signaling of caspase-8, caspase-9, and consequently cas-
pase-3 [14]. Indeed, it has been found that sulforaphane as 
an antioxidant could affect the expression level of miRNAs 
[15].

Considering the importance of miR-155 in the develop-
ment of cancer, particularly in AML, the present study was 
conducted to elucidate the anticancer effect of sulforaphane 
against AML. The research also tried to discover whether 
sulforaphane could control the growth rate of AML cells 
by regulating miR-155 levels. Accordingly, the results of 
this study can reveal another mechanism for the anticancer 
activity of sulforaphane in this study.

Materials and methods

Human samples (in vivo study)

Blood samples of people afflicted with AML were obtained 
from the Pathology Department of Shahid Mohammadi Hos-
pital located in Bandar Abbas City, Iran. The present study 
was approved by the Ethics and Human Rights Committee 
of Hormozgan University of Medical Sciences (HUMS), 
Bandar Abbas, Iran (HUMS.REC.1394.84). Informed con-
sent was obtained from the parents of all participants before 
the enrolment. Decisive diagnosis of the disease was made 
by pathologists and oncologists according to the results of 
flow cytometry, immunohistochemistry, and blood cell count 
as well as peripheral blood smear test. The control subjects 
were selected according to their blood cell count, peripheral 
blood smear test, and then matched according to their age, 
gender, and even ethnicity. Finally, 25 subjects (afflicted 
with AML) were assigned to the patient group and 25 to the 
control group. None of the included subjects had already 
received radiotherapy or chemotherapy. All those who had 
been treated some way prior to the study were excluded 
(Table 1). About 2 ml of blood was taken from both control 
and treatment patients. Subsequently, 600 µl of blood RNA 
buffer was mixed with 200 µl of blood and then stored in a 
deep freezer (− 70 °C).

Cell lines

All four cell-lines including acute myelogenous leukemia 
cells U937, KG-1, HL-60, and NB-4 were purchased from 
Pasteur Institute (Tehran, Iran). After passaging the cells, the 
desired cells were cultured according to their morphology 

Table 1   Demographic features 
of AML patients and healthy 
controls

Variable AML patient
(n = 25)

Healthy control
(n = 25)

P-value

Mean age (± SD) (min–max) 52.5 (± 22.51) (3–79) 52.4 (± 22.40) (4–77) 0.981
 Age ≤ 50 12 (48%) 12 (48%)
 Age > 50 13 (52%) 13 (52%)

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

Mean % blast cells (± SD) (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
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and growth in RPMI-1640 (Gibco), FBS 10%, and penestrep 
1% (Invitrogen) and then incubated at 37 °C with humidity 
95% and CO2 5%.

MTT assay

In this step, 8000, 20,000, 15,000, and 10,000 cells of NB-4, 
U-937, KG-1, and HL-60 were cultured, after counting the 
cell numbers by Neobar lam. The cells were incubated for 
2 h under standard conditions. Then, the cells were treated 
with different concentrations of sulforaphane (Cat No. 
S4441; Sigma; Germany) (15, 30, 45, and 60 µM) for 24 and 
48 h. After incubation, 20 µl of MTT solution (with a final 
concentration of 0.5 mg/ml) was added to each well and the 
microplate was incubated at 37 °C for 4 h. After centrifuging 
the microplate for 10 min in 4000g, the formed crystals were 
dissolved in 150 µl of DMSO and then the absorbance was 
read by ELISA Reader (Anthos 2020.England) at 495 ƞm. 
The cell viability percentage was calculated through the 
formula OD(T)/OD(C) × 100, where OD(T) represents the 
absorbance of the cells treated by sulforaphane and OD(C) 
denotes the absorbance of the non-treated cells.

RNA extraction of cell lines

Four human specimens were recruited for the RNA extrac-
tion by TriPure Isolation Reagent kit (Cat No. 11667165001; 
Sigma; Germany). To investigate the expression of miR-155 
in AML cell lines and the effect of sulforaphane on it, 200 µl 
of the cells were seeded in each well of a 6-well microplate. 
Next, 200 µl of media was added to each well. Each treated 
well contained 60, 30, 15, and 120 µM of sulforaphane. 
These steps were also performed at intervals of 24 and 48 h 
for each of the mentioned doses. The control well was not 
treated by sulforaphane.

Analysis of the quality and quantity of RNA

The absorbance of 1.9 to 2 at 280/260 ratio indicated the 
purity of extracted total RNA using Nanodrop device (ND-
1000; Thermo). In order to quantify the extracted specimens, 
the concentration was calculated according to the absorb-
ance at 260 nm.

To evaluate the quality of extracted total RNAs, the sam-
ples were run in agarose gel 1% (100 V). If the extracted 
RNA has a good quality, it will have three bands in gel 
including 28S, 18S, and 5S. In the present study, the 
extracted RNAs had a good quality.

RT‑PCR assays

MiScript II RT Kit (Qiagen; Germany) was applied to syn-
thesize cDNA from 1 µg of the extracted total RNA. The 

reaction mixture was prepared according to the instructions 
of the kit. Briefly, this mixture was incubated at 37 °C for 
60 min and then at 95 °C for 5 min.

The primers applied were for miR-155 (Cat No. 
MS00031486; Qiagen; Germany) and RNU6-2-11 (Cat 
No. MS00033740; Qiagen). Briefly, 2 µl of the synthesized 
cDNA was used in real-time PCR by applying the Script 
SYBR Green PCR Kit (Qiagen) and the Rotor-Gene (Cor-
bett 6000; Australia). The Real-Time PCR mixture was pre-
pared according to the manufacturer’s instruction (miScript 
SYBR® Green PCR Kit; Qiagen; Germany). The real-time 
program was performed in accordance with the instruc-
tions as follows: initial shock at 95 °C for 5 min, followed 
by 40 cycles at 94 °C for 15 s (denaturation), 55 °C for 
30 s (annealing), and 70 °C for 30 s (extension). Real-Time 
PCR was performed two times and every sample was run as 
triplicates in each time. Finally, the average Ct was totally 
obtained from the six collected Cts for each sample.

Evaluating the apoptosis of cells

The FITC/Annexin-V kit (Cat No. 640922, BioLegend; 
UK) was used to identify specific apoptosis and necrosis of 
the cells. In the present study, we evaluated two-cell lines 
including KG-1 and HL-60 among the mentioned samples, 
which were treated with four doses (15, 30, 45 and 60 µM) 
of sulforaphane within 24- and 48-h intervals.

Statistical analysis

The 2−∆∆CT method was used to evaluate gene expression. 
Statistical analysis was performed using GraphPad Prism-5, 
SPSS-21, and Microsoft Excel software packages. P-values 
less than 0.05 were considered statistically significant in our 
experiments. In addition, Kolmogorov–Smirnov test was 
used to check the data distribution and their normality for 
human specimens. Accordingly, appropriate parametric and 
non-parametric tests were run to compare the data. Further, 
t-student, Mann–Whitney U-test, and Wilcoxon two-sample 
tests were applied to detect significant differences of micro-
RNA-155 levels.

Results

AML patients were categorized into subtypes given the 
intensity of the disease (according to the scoring) obtained 
from age, gender, white cell count, and cytogenetic char-
acteristics reported by a pathologist and oncologist. In the 
present research, most patients were afflicted in M2 sub-
group (48% of patients). The results were classified as 
M1, M4, and M5. The percentage of blast cells of selected 
patients was averagely more than 71%, which 36% and 64% 
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of patients had respectively less and more than the aver-
age the percentage of blast cells, (71%). 48% of participated 
patients in this project were recognized in stage of M2, 16% 
in the lowest stage of M1, 20% in stage of M4 and 20% in 
the highest stage of M5. (Table 1). Totally, 60% of patients 
belongs to lower stage (M1 + M2) and 40% were in higher 
stage (M4 + M5).

Expression of miR‑155 in patients with AML

As presented in Fig. 1a, the expression level of miR-155 in 
patients with AML was higher compared with that in the 
controls (P = 0.0006). Indeed, at lower stages (subgroups M1 
and M2), the expression of miR-155 was significantly lower 

(P = 0.0025) than that at more advanced stages (subgroups 
M4 + M5) (Fig. 1b). An increase in miR-155 level showed a 
significant correlation with the severity of AML. In the M1 
subgroup of AML, the expression of miR-155 increased by 
1.2 times compared to controls, but this increase reached 2.5 
times in the patients in the M5 subgroup (Fig. 1c).

MTT assay

In order to investigate the toxicity of sulforaphane, MTT 
test was performed for all four cell-lines at 24 and 48 h 
intervals (Fig. 2). Totally, the percentage of live treated 
cells decreased compared to non-treated cells. Generally, 
in each of the four-cell lines treated with sulforaphane, 
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with the increase in the dosage and time, the magnitude 
of live cells diminished while the mortality rate grew. For 
instance, the results obtained for HL-60 MTT assay are 
presented in Fig. 2. In this study, 3% and 8% reduction in 
cell viability was respectively observed after 24 and 48 h 
treatment with 15 µM sulforaphane as compared with con-
trol group, which treated with only DMSO. The percent-
age of viable cells reached to 65% and 61%, respectively, 
after 24 and 48-h treatment with 45 µM sulforaphane. The 
highest mortality rate across all four-cell lines was not 
significantly different between 45 and 60 µM.

The effect of sulforaphane in the induction 
of apoptosis

Apoptosis of HL-60 and KG-1 cells after 48 h treatment 
with 15, 30, 45, and 60 µM of sulforaphane was evalu-
ated by a flow cytometer. In this study, untreated cells and 
doxorubicin were considered as negative and positive con-
trols, respectively. The results revealed that elevation of 
the concentration of sulforaphane induces primary apopto-
sis of HL-60 (Fig. 3a), where the total apoptosis including 
early and late also rose. Further, the results indicated that 
augmenting the percentage of apoptotic cells was directly 
correlated with elevated dose of sulforaphane. Although 
at 60 µM (Fig. 3a.v) of sulforaphane, the rate of necrotic 
cells also grew, it was very low when compared with doxo-
rubicin (a chemotherapeutic agent) (0.9% necrotic cells at 
60 µM versus 7.5% by doxorubicin). Early apoptosis, was 
significantly increased after 48 h treatment with 60 µM 
sulforaphane as compared with other doses (Fig. 3b). Sim-
ilar trends were obtained for other studied cell lines (data 
are not shown).

miR‑155 levels after treatment with sulforaphane

The expression of miR-155 at the mRNA level was inves-
tigated in HL60, KG1, NB4, and U937 cell lines treated 
with different concentrations (15, 30, 45 and 60 µM) of sul-
foraphane within 24 and 48 h intervals. The expression of miR-
155 compared with non-treated cells was significantly reduced 
with the rise of sulforaphane concentrations. The results indi-
cated a direct and significant correlation between the increase 
in sulforaphane concentration and reduction in the expression 
of miR-155 (Fig. 4).

The lowest expression of miR-155 was achieved after 48 h 
at sulforaphane concentration of 60 µM (0.14 fold, i.e around 
80% reduction as compared to non-treated cells) (Fig. 4a). The 
same trend was observed for KG-1 cell lines. 85% reduction in 
miR-155 levels was observed in KG-1 cell line in effect of 48 h 
treatment with 60 µM, (Fig. 4b). The level of miR-155 reduced 
for 90% (0.09 fold) in both U-937 and NB-4 cell lines in effect 
of 48 h treatment with dose of 60 uM sulforaphane (Fig. 4c, d). 
Overall, increasing the dose of sulforaphane inversely dimin-
ished the miR-155 levels, but no significant difference was 
observed in the reduction of the miR-155 levels between 24 
and 48-h treatments with varying doses of sulforaphane across 
all studied cell lines, except KG-1, where significant differ-
ences between 24 and 48 h treatment with different doses of 
sulforaphane was observed in reduction of miR-155 levels (for 
instance, 65 and 85% reduction respectively, in effect of 24 and 
48 h treatment with dose of 60 µM) (Fig. 4b).

Fig. 2   Results of MTT test 
at 24 and 48 h in HL-60 cell 
lines. Cell viability significantly 
decreases in a dose-dependent 
way. But, there is no significant 
difference between 45 and 
60 µM
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Discussion

Acute myeloid leukemia refers to accumulation of non-
differentiated precursor cells in the bone marrow. Several 
factors contribute to the development of AML. Meanwhile, 
the use of natural compounds in the treatment of cancer 
is becoming more popular. In recent decades, numerous 
traditional medicine and herbal therapies have focused on 
the use of plant-based chemicals in the treatment of dis-
eases such as cancer. Sulforaphane as an antioxidant has 
several roles in various stages of cancer. As the anticancer 
effects of sulforaphane, the role of blocking agents in the 
pathways of phase-I and II enzymes, cell cycle stopping, 
apoptosis, DNA protection by inhibiting histone deacety-
lase (HDAC), anti-proliferation and anti-tumor properties 
have been reported [16]. Nevertheless, most of its molecu-
lar mechanisms have remained unclear in cancer, particu-
larly in AML.

miRNAs contribute to the physiological and pathologi-
cal pathways involved in the regulation of proliferation and 
differentiation of myeloid precursor cells. O’Connell et al. 
[10] showed that changes in miR-155 expression in hemat-
opoietic stem cells play a significant role in the development 
of myeloid disorders in the bone marrow, with the expres-
sion of miR-155 in AML growing excessively [12]. Different 
in vivo and in vitro studies have indicated that the expression 
of miR-155 may be affected by downstream signaling of 
genes involved in the hematopoiesis and leukemia process 
in AML cells. It was reported that moderate and high expres-
sion levels of this miRNA could impair different pathways in 
these hematopoietic cancer cells [17]. Also, in vitro studies 
have suggested that miR-155 inhibition can lead to inhibition 
of AML growth [18].

In this research project, an in vivo study was first con-
ducted to evaluate the level of miR-155 in patients as com-
pared to healthy controls. When it was clarified that miR-155 
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pathologically and significantly changed in patients, then 
we investigated whether sulforaphane could control the of 
AML cells by regulating miR-155 levels (in vitro study). 
Therefore, the obtained results can probably reveal another 
mechanism for the anticancer activity of sulforaphane. Very 
limited studies have been conducted on the effects of sul-
foraphane on miRNA expression so far. To the best of our 
knowledge. This study is pioneer has yet been conducted 
regarding the effect of sulforaphane on miR-155 expression.

In our study, the expression of miR-155 was compared 
between treatment and control samples. The obtained results 
indicated that expression of miR-155 significantly rose in the 
patients with AML, suggesting that it acts as an oncomir in 
AML. Interestingly, enhanced expression of miR-155 was 
correlated with increased subtype of AML (from M1 to 
M4). Our results are consistent with several previous stud-
ies. Peng and Core [8] indicated that changes in the expres-
sion of miRNAs and the process of cancer are associated 
with different stages of cancers. It has been reported that the 
increase in miR-155 expression in myeloid precursor cells is 
associated with poor prognosis of AML [19]. Xue et al. [20] 
found that miR-155 could affect some tumor suppressors in 
AML cells, such as SHIP1. They also reported that inhibi-
tion of miR-155 could induce apoptosis without interfering 
in the proliferation of AML cells. It was also observed that 
inhibition of miR-155 may be associated with activation of 
some tumor suppressors, which have an inhibitory effect on 
the AKT pathway [20].

Sulforaphane reduced the number of live cells and 
increased the mortality rate of AML cells particularly by 
induction of apoptosis. The results of flow cytometry dem-
onstrated that apoptosis was induced in AML cell lines due 
to treatment with sulforaphane. In addition, it was observed 
that each dose of sulforaphane can show a different effect 
in the cell lines. It seems that the anti-cancer activity of 
sulforaphane against myeloid leukemia cells is mostly dose-
dependent. Palma et al., [21] investigated the role of miR-
155 in inducing apoptosis and cellular differentiation in 
AML subtypes. It has also been reported that expression of 
miR-155 decreased in response to the effect of sulforaphane 
isothiocyanate, where this miRNA was present across a 
wide range of cell cycles of cancers with increased expres-
sion [22]. Lewinska et al. [23] reported that sulforaphane is 
involved in inhibiting cellular cycle by DNA hypermethyla-
tion and changes of miRNA profiles in breast cancer cells. 
They observed that various doses of sulforaphane could 
inhibit the cell cycle in the G2/M and G0/G1 stages [23]. 
Furthermore, our study showed that the survival rate of 
AML cell lines was significantly augmented by decreasing 
the sulforaphane concentration (Fig. 3a). This result can be 
attributed to the vital factors that control the cell cycle and 
proliferation of cancer cells. Our results showed that most 
of the cells survived at the lowest dose of sulforaphane. 

According to the mentioned results, sulforaphane is expected 
to interfere with the process of the cell cycle of cancer cells. 
Although sulforaphane induced apoptosis and increased 
mortality rate in AML cancerous cell lines, it seems that it 
mostly acts as anti-proliferative agent.

In this project, we found that sulforaphane induced its 
anti-cancer activity by reducing the miR-155 level, where 
this impact was dose dependent. In other words, with height-
ening the sulforaphane concentration, the level of miR-155 
was significantly reduced across all studied cell lines. We 
also observed that the lethal effect of sulforaphane on AML 
cells increases with elevating the concentrations of this 
compound, which is correlated with a decline in the expres-
sion of miR-155. Therefore, it could be concluded that sul-
foraphane might induce its anti-cancer effect against myeloid 
leukemia cells by reducing or even inhibiting primary dif-
ferentiation of hematopoiesis. These findings conform to the 
study of O’Connell et al. [10], who reported that miR-155 
is involved in the primary differentiation of myeloid pro-
genitors to myeloid and erythroid cells [12]. By controlling 
the level of miR-155, sulforaphane may provide more time 
for myeloid progenitor cells to differentiate; hence, it would 
mitigate the progress of AML; however, further studies are 
required in this regard.

Conclusion

Briefly, examination of human samples indicated a higher 
expression of miR-155 in AML patients as compared with 
controls, which may function as an oncomir. Elevation of 
miR-155 was correlated with progression of AML from 
lower subtypes to higher. Thus, it can be considered as a 
potential biomarker for prognosis of cancer progress. The 
results suggested that increased expression of miR-155 
seems to contribute to AML progression. Therefore, it can 
be deduced that a decline in the expression of this miRNA 
contributes to mitigation of the progress of AML in patients. 
Indeed, the mortality rate of leukemia cells increased by 
enhancing the dose of sulforaphane, confirming the positive 
role of this antioxidant in controlling AML. The simultane-
ous examination of the effect of sulforaphane on myeloid 
showed a significant induction of apoptosis in the myeloid 
leukemia cells. However, it seems that the anti-proliferative 
effects of this herbal isothiocyanate were more dominant and 
considerable. These findings suggested that sulforaphane 
exerts its anti-proliferative effects through controlling the 
miR-155 levels.
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