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miR-34b Targets HSF1 to Suppress Cell Survival 
in Acute Myeloid Leukemia
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Acute myeloid leukemia (AML) is the most lethal hematological malignancy, and the occurrence of chemore-
sistance prevents the achievement of complete remission following the standard therapy. MicroRNAs have 
been extensively investigated as critical regulators of hematopoiesis and leukemogenesis, and they represent 
a promising strategy for AML therapy. In this study, we identified miR-34b as a novel regulator in myeloid 
proliferation and apoptosis of leukemic cells. We found that miR-34b was developmentally upregulated in 
plasma and myeloid cells of healthy subjects, while it was significantly reduced in blood samples of patients 
with AML and AML cell lines. Moreover, the miR-34b mimicked transfection-mediated restoration of miR-
34b inhibited cell viability and promoted cell apoptosis of HL-60 and OCI-AML3 cell lines. Using a miRNA 
predicting algorithm miRanda, we selected a potent target heat shock transcription factor 1 (HSF1) since that is 
a master regulator of the heat shock response and is associated with cancer aggressiveness and dissemination. 
In contrast to the level of miR-34b, HSF1 was highly expressed in blood samples of patients with AML and 
AML cell lines. The luciferase reporter assay revealed that miR-34b directly targeted the HSF1 gene. HSF1 
silencing exhibited comparable inhibitory effects on AML cell proliferation and survival. The upregulated 
HSF1 elevated the activation of the Wnt–b-catenin pathway. In conclusion, miR-34b suppressed AML cell 
proliferation and survival by targeting HSF1, in turn leading to the inactivation of Wnt–b-catenin pathway, 
which may highlight a new therapeutic approach for AML.
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INTRODUCTION

Acute myeloid leukemia (AML) is the most common 
acute leukemia in adults, and it ranks among the most 
lethal hematological malignancy. As a clonal neoplasm 
derived from myeloid progenitor cells, AML is character-
ized by the uncontrolled proliferation and accumulation 
of immature and dysfunctional hematopoietic progeni-
tors accompanied by blockage in normal hematopoiesis 
(1,2). The initial goal of treatment is the achievement of 
complete remission, and allogeneic stem cell transplanta-
tion offers the best prospect of cure for many cases of 
AML (3). However, owing to the occurrence of chemore-
sistance in leukemia cells, the majority of patients do not 
achieve complete remission or relapse following the stan-
dard therapy (4). Despite extensive efforts that have been 
put forward into the understanding of the pathogenesis of 
AML, it is still difficult to translate the current knowledge 
into viable treatments, and AML remains an incurable 
disease with a high mortality rate (5). Therefore, under-
standing the underlying mechanisms and developing new 
therapies for AML are urgently needed.

MicroRNA (miRNA) is a class of small noncoding 
endogenous RNAs with approximately 19 to 25 nucle-
otides (nt), which is incorporated into the RNA-induced 
silencing complex (RISC), which aids in generating their 
repressive functions. The mature miRNA then binds to 
3¢-UTR of the target mRNA and causes either degrada-
tion or inhibition of the mRNA at the posttranscriptional 
level (6). An overwhelming number of studies have 
revealed the multiple functions of miRNAs in cell sur-
vival, migration, differentiation, and hematopoiesis (7). 
Moreover, alterations in the miRNA expression profile 
are involved in the initiation and progression of human 
tumors (8). During the last few decades, studies concern-
ing the role of miRNA in AML pathogenesis have sur-
faced, and their applications to AML diagnosis, as well as 
treatment, have attracted much more attention. However, 
few studies have been performed to elaborate on the role 
of miRNA in AML, and the mechanisms implicated in the 
regulatory role of miRNA are not yet fully identified due 
to the high level of heterogeneity in patients with differ-
ent subtypes of AML (7,9).
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miR-34b is a known tumor-suppressor gene in the p53 
tumor-suppressor network that belongs to the evolution-
ary conserved miR-34 family. miR-34 is downregulated 
in various human tumors and has an antiproliferative 
potential in cancer cell lines (10). It has been demon-
strated that miR-34a is one of the most significantly 
downregulated miRNAs in AML patients with a com-
plex karyotype, and its clinically low expression predicts 
chemotherapy resistance and inferior outcome for AML 
(11). Pigazzi et al. reported that miR-34b directly targeted 
cyclic AMP-responsive element-binding protein (CREB) 
to restore cell cycle abnormalities in AML (12). Although 
efforts have been made to identify miR-34b target genes, 
less information is currently available on their targets 
and functions in acute leukemia. In this study, we will 
elaborate on the role of miR-34b and the function of the 
predicted target heat shock transcription factor 1 (HSF1) 
in AML cell lines, which may represent a new underlying 
mechanism and therapeutic strategy for AML.

MATERIALS AND METHODS

AML Patients

Peripheral blood samples were collected from 16 
newly diagnosed AML patients (9 females, 7 males) who 
did not undergo any therapy or treatment, and 12 age- and 
gender-matched healthy individuals (6 females, 6 males) 
were set as controls. The 16 patients with AML included 
4 with M2, 3 with M3, 6 with M4, and 5 with M5 dis-
ease according to the FAB classification. The mean age 
of the patients and control subjects was 36.8 ± 7.6 years 
and 34.3 ± 6.5 years, respectively. The diagnosis of leuke-
mia was made by morphologic and cytochemical studies 
of bone marrow smears. Informed consent was obtained 
from all patients in accordance with the Declaration 
of Helsinki and with approval of the Medical Ethics 
Committee of Xi’an Central Hospital. The study was 
conducted according to an institutional review board-
approved protocol.

Cell Culture

The human leukemia cell line HL-60 was purchased 
from American Type Cell Culture Collection (Manassas, 
VA, USA) and OCI-AML3 from DSMZ (Braunschweig, 
Germany) and deemed free of mycoplasma and bacte-
rial contaminants. Primary AML blasts or mononuclear 
cells (MNCs) from peripheral blood samples of healthy 
donors were isolated by density-gradient centrifugation 
using the Ficoll-Paque Plus kits (Ficoll, Piscataway, NJ, 
USA). Blood cells with specific surface markers were 
further purified from MNCs of healthy donors by cell 
sorting with antibodies (APC-CD11b, PE-CD14). All 
antibodies used for flow cytometry were purchased from 

Abcam (Cambridge, UK). Cells were cultured in RPMI-
1640 medium supplemented with 10% fetal bovine serum 
(FBS), 100 U/ml of penicillin G, 100 µg/ml of streptomy-
cin, and 2 mM of l-glutamine, at 37°C in humidified air 
containing 5% CO

2
 incubator.

miR-34b Mimic and HSF1 siRNA Transfection

The synthetic miR-34b mimic and their matched nega-
tive controls were purchased from GenePharma (Shanghai, 
China). The siRNA targeting human HSF1 was synthe-
sized by Sangon Biotech Co. Ltd. (Shanghai, China). 
Transfection of miRNAs and siRNAs was performed with 
Lipofectamine 2000 reagent (Invitrogen, Carlsbad, CA, 
USA) according to the manufacturer’s protocol. The HL60 
and OCI-AML3 cells were grown in plates at a density 
of 2 × 105 cells/ml and cultured for 24 h, then transfected 
with miR-34b mimic or nonspecific (NS) miRNA using 
Lipofectamine 2000 at a final concentration of 40  nM. 
The effect of the mimic of miR-34b was examined in trip-
licate at 24 h posttransfection. The siRNA sequence was 
designed as follows: 5¢-TCC TAA GGT TGG CGT TGT 
A-3¢. The siRNA-transfected cells were incubated for  
48 h and then harvested for experiments.

Real-Time Quantitative Polymerase Chain 
Reaction (RT-qPCR) Analysis

The expression levels of miR-34b in blood samples and 
cancer cells were measured using RT-qPCR. Total RNA 
was extracted using TRIzol reagent (Invitrogen), and 
cDNA was reverse transcribed from 1.0 μ g total RNA 
using special stem-loop primers and the mirVana reverse 
transcription kit (Ambion Inc., Austin, TX, USA), fol-
lowed by qPCR using the SYBR® Premix Ex TaqTM 
II (Perfect Real Time, Takara) at Applied Biosystems 
7500HT (CA, USA). U6 small nuclear RNA was used 
as an internal control for miR-34b. Data analyses were 
performed using the 2−DDCt method. Each PCR was per-
formed in triplicate. To determine HSF1 and HSP27 
expression, cDNA was synthesized from ~1 µg total RNA 
using the M-MLV RTase cDNA Synthesis kit (Takara 
Biotechnology, Dalian, China) according to the manufac-
turer’s instructions. The resultant cDNA was used as a tem-
plate in the RT-PCR amplifications using a SYBR Green 
Real-Time PCR Master Mix kit (Takara Biotechnology). 
GAPDH was used to normalize the target gene expres-
sion levels. HSF1 primers (sense: 5¢-CAT GAA GCA 
TGA GAA TGA GGC T-3¢, antisense: 5¢-ACTG CAC 
CAG TGA GAT CAG GA-3¢) were used with GAPDH 
primers (sense 5¢-GCC AAA AGG GTC ATC ATC TC-3¢, 
antisense 5¢-GTA GAG GCA GGG ATG ATG TTC-3¢) as 
the internal control. Fold changes in mRNA expression 
levels were calculated using the comparative threshold 
cycle (Ct) method. Aliquots of the PCR products were 
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separated on 1.5% agarose gels, and PCR fragments were 
visualized by ethidium bromide staining.

Western Blot

Total protein was extracted with RIPA lyse buffer con-
taining 1 mmol/L of PMSF, 1 mmol/L of NaF, and 1 mmol/L 
of Na

3
VO

4
. The cell lysates were separated using poly-

acrylamide gel electrophoresis (PAGE) and subsequently 
transferred to a PVDF membrane by electrotransfer. 
Afterward, the membrane was blocked for 1 h and probed 
with primary antibodies against HSF1 (1:1,000), b-catenin 
(1:500), and b-actin (1:300) (Santa Cruz Biotechnology, 
Inc., Santa Cruz, CA, USA) followed by a horseradish per-
oxidase (HRP)-conjugated secondary antibody (Abcam). 
Blots were visualized using Amersham Western blot detec-
tion reagent (GE Healthcare, Piscataway, NJ, USA). Blot 
density of each band was quantified by Gel imaging sys-
tem and Quantity One 4.62 software (Bio-Rad, Hercules, 
CA, USA).

Cell Viability Determination

The HL60 cells and OCI-AML3 cell viability were ana-
lyzed using cell counting kit (CCK)-8 kits (Sigma-Aldrich, 
St. Louis, MO, USA) according to the manufacturer’s 
instructions after cells were cultured at 24, 48, and 72 h.

Cell Apoptosis

The apoptotic cells were counted using a commer-
cially available FITC Annexin-V Apoptosis Detection 
Kit (BD Biosciences), performed according to a recom-
mended protocol of the manufacturer. Cells were col-
lected, washed, and dispersed in 100 ml of 1× binding 
buffer and stained with FITC-conjugated annexin V and 
propidium iodide (PI). The tagged apoptotic cells were 
sorted by the FACSCalibur flow cytometer and analyzed 
using CellQuest software (Accuri C6; BD Biosciences).

Luciferase Assay

A mixture of human HSF1 3¢-UTR luciferase reporter 
plasmid pMIR-LUC-3¢-UTR-HSF1-wt or mutant pMIR-
LUC-3¢-UTR-HSF1-mut, Renilla plasmid (REN), and 
miR-34b mimics was transfected into HL60 cells using 
Lipofectamine 2000 (Invitrogen). The negative control 
miRNA replaced miR-34b in the mixture and was used as 
the control. After 24 h of culture, luciferase activity was 
measured using the luciferase assay system (Promega, 
Madison, WI, USA) with Top Count Microplate Scin
tillation Counter (Canberra, Meriden, CT, USA). Exper
iments were performed in triplicate.

Statistical Analysis

Data are presented as mean ± SD. Differences were 
compared by analysis of variance (ANOVA) followed by 

the LSD post hoc test. A value of p < 0.05 was considered 
statistically significant. All statistical tests were performed 
using SPSS, v. 13.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

miR-34b Is Downregulated in AML Patients 
and Cell Lines

To investigate whether miR-34b was involved in onto-
genesis of AML, we analyzed its expression in bone mar-
row samples from AML patients and healthy volunteers. 
Sixteen AML patients with a mean age of 34.3 years 
old and 12 healthy subjects with comparable ages were 
enrolled in this study. The results showed that miR-34b 
was downregulated in AML samples compared to the 
control (Fig. 1A). In addition, the miR-34b was lower in 
M2 and M4 subtype AML patients compared with M3 
and M5 subtype (Fig. 1B). Furthermore, we detected the 
amount of miR-34b in human leukemia cells HL-60 and 
OCI-AML3 cells and CD11b+ and CD14+ myeloid cells 
isolated from peripheral blood samples of healthy donors 
using RT-qPCR. As shown in Figure 1D, the expression 
of miR-181b was significantly decreased in human leu-
kemia cell lines OCI-AML3 and HL-60, compared to 
the normal myeloid cells such as CD11b and CD14 cells, 
respectively (p < 0.05 for each comparison). These results 
indicated that miR-34b might be involved in the onco-
genesis and progression AML.

miR-34b Upregulation Inhibits AML Cell Survival

To further evaluate the role of miR-34b on AML pro-
gression, we restored the miR-34b expression by trans-
fecting its mimics into HL60 and OCI-AML3 cells, and it 
was shown that miR-34b was markedly elevated in either 
cells after transfections (Fig. 2A). Moreover, we found 
that miR-34b upregulation significantly suppressed cell 
viability at 48 h posttransfection, and the inhibitory effects 
of miR-34b seemed to be more obvious in HL-60 cells 
(Fig. 2B, C). Moreover, we detected cell apoptosis in the 
two cell lines using flow cytometry. The mean apoptotic 
cells reached 20.06% in HL-60 cells and 17.6% in OCI-
AML3 cells after miR-34b upregulation, indicating that 
miR-34b was implicated in AML cell death (Fig. 2D, E).

miR-34b Targets HSF1 in AML Cells

Analysis of miR-34b-predicted target genes was per-
formed using the algorithm miRanda. The algorithm 
produced a list of hundreds of target genes for miR-34b. 
In this study, we focused on the HSF1 gene for its sig-
nificantly increased expression in blood sample of AML 
patients as reported by Newman et al. (13) (Fig. 3A). We 
evaluated the expression of HSF1 in AML patients and 
healthy subjects, and it also suggested that HSF1 was 
significantly elevated in AML patients compared to the 
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controls, especially in the M2 and M4 subclass patients, 
while the M3 and M5 AML patients showed relative lower 
HSF1 level (Fig. 3B, C). Similarly, leukemia cells had 
more HSF1 than normal blood cells (Fig. 3D). Moreover, 
we found that the miR-34b overexpressed cells showed 
significantly reduced HSF1 expression either in HL-60 
or OCI-AML3 cells (p < 0.05) (Fig. 3E). Therefore, in 
order to confirm whether miR-34b directly binds to the 
HSF 3¢-UTR region, we performed a luciferase assay 
and found that miR-34b upregulation significantly sup-
pressed the luciferase activity in HSF1 wild-type vector 
in HL-60 cells, while it did not display inhibitory effects 
on cells transfected with the corresponding mutant HSF1 
plasmid (Fig. 3F). These data demonstrated that HSF1 
was a direct target of miR-34b in AML cells.

HSF1 Is Associated With AML Cell Survival by 
Activating Wnt Signaling

As reflected by the above results, miR-34b targeted 
HSF1 and played an important role in the progression 

of AML. We then intended to clarify the roles of HSF1 
in cancer cell survival and the potential mechanisms. 
HSF siRNA was transfected in the two cell lines, and 
the protein levels of HSF1 were reduced (Fig. 4A). 
Meanwhile, their cell viability was efficiently prohib-
ited at 24 h after the transfection (Fig. 4B, C). In addi-
tion, cell apoptosis was accelerated in both cells and in 
HSF1-silenced cells (Fig. 4D). It was proven that HSF1 
regulates the Wnt signaling cascade in breast cancer 
cells. We then sought to investigate the role of HSF1 
in modulating Wnt signaling to promote the survival of 
AML cells. In both the miR-34b mimics and the HSF1 
siRNA injected cells, b-catenin, classical molecule in 
Wnt signaling pathway, were all inhibited in AML cells 
(Fig. 4E).

DISCUSSION

During the past few decades, the role of microRNA in 
AML pathogenesis and its availability in the early diag-
nosis and prognosis of AML has attracted much more 

Figure 1.  miR-34b was downregulated in AML patients and cell lines. (A) Relative expression of miR-34b in blood samples of AML 
patients (n = 16) and healthy controls (n = 12). *p < 0.05 versus control. (B) miR-34b level in AML patients with different subtypes 
according to the FAB classification. (D) miR-34b expression in AML cell lines (HL-60 and OCI-AML3) and normal blood cells from 
healthy donors (n = 12). Each experiment was repeated in triplicate. *p < 0.05 versus CD11b cell, #p < 0.05 versus CD14 cell.
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attention. However, the understanding of the role of this 
bulk of miRNAs and their target gene in the initiation 
and progression is far from satisfactory due to the high 
level of heterogeneity in patients with different subtypes 
of AML. In our study, we demonstrated that miR-34b is 
routinely suppressed in blood samples of AML patients 
and leukemia cell lines. The deficiency of miR-34b in 
cancer cells reversely lead to the increase in its target 
gene HSF1, which eventually activated Wnt signaling to 
promote cancer cell survival.

miR-34b expression is documented to be abnormal 
in many types of leukemia, such as AML (12), chronic 
lymphocytic leukemia (CLL) (14), and acute promy-
elocytic leukemia (15). In addition, in accordance with 
other reports, we also confirmed that miR-34b was less 
expressed in blood samples of AML patients and myeloid 
leukemia cell lines when compared with healthy bone 
marrow. It was demonstrated that miR-34b is a tumor 
suppressor that was frequently methylated, which contrib-
uted to its downregulation in CLL (16). However, whether 

Figure 2.  miR-34b upregulation inhibited AML cell viability and cell survival. (A) Evaluation of miR-34b expression after HL-60 
and OCI-AML3 cells were transfected with miR-34b mimics. (B, C) Effects of miR-34b upregulation on the cell viability of HL-60 
and OCI-AML3. (D, E) Effects of miR-34b upregulation on cell apoptosis of HL-60 and OCI-AML. Each experiment was repeated in 
triplicate. *p < 0.05 versus NC.
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miR-134b is epigenetically inactivated and contributes to 
its downregulation in AML still requires further study. 
Accumulating evidence pointed to forced expression of 
miR-34b in suppressing cell proliferation and its clono-
genic potential in various cancer cells (17,18). Our study 
revealed that miR-34b restoration inhibited cell growth 
and survival in AML cell lines.

Heat shock transcription factor 1 (HSF1) is the master 
regulator of the heat shock response, which is overex-
pressed in multiple types of human cancers and is associ-
ated with cancer aggressiveness and dissemination (19). 
It is clarified that HSF1 could enhance the survival of 
cancer cells exposed to various stressors and could serve 
as an independent diagnostic or prognostic biomarker 
(20). In addition, HSF1 is surfacing as a potential target in 

leukemia therapy. The recent findings demonstrated that 
targeting HSF1 could disrupt HSP90 chaperone function 
in chronic lymphocytic leukemia and inhibit the HSF path-
way, contributing to the inhibition of AML progression 
(21,22). In the current study, HSF silencing also exhibited 
anticancer capability in AML cells. Furthermore, we con-
firmed that miR-34b directly targeted HSF1 to control its 
cellular abundance, and miR-34b expression deficiency 
failed to manage the levels of HSF1.

Moreover, we found that HSF1 linked to the activated 
b-catenin pathway. It is well established that canonical 
Wnt–b-catenin pathway is essential for self-renewal, 
growth, and survival of AML cells, and new thera-
peutic approaches targeting b-catenin showed promis-
ing preclinical activity against ALL (23). Fanelli et al. 

Figure 3.  miR-34b targeted to HSF1 in AML cells. (A) Predicted binding site of miR-34b on target gene HSF1 using the algorithm 
miRanda. (B) Relative expression of HSF1 in blood sample of AML patients (n = 16) and healthy controls (n = 12). (C) HSF1 protein 
level in AML patients with different subtypes according to the FAB classification. (D) miR-34b expression in AML cell lines (HL-60 
and OCI-AML3) and normal blood normal blood cells from healthy donors (n = 12). Each experiment was repeated in triplicate. 
*p < 0.05 versus CD11b cell, #p < 0.05 versus CD14 cell. (E) HSF1 expression in AML cells in response to the administration of miR-
34b mimics. (F) Luciferase assay analysis of the binding of miR-34b on HSF1 3¢-UTR. HSF-wt-UTR and HSF1-mut-UTR reporter 
plasmids together with miR-34b mimics were transfected into HL-60 cells, and the relative luciferase activities were determined.
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reported a specific interaction between b-catenin and 
Hsp27 (19). HSF1 is known to regulate the expression 
of heat shock proteins (HSPs) including HSP90, HSP70, 
and HSP27. Therefore, HSP27 may mediate the regula-
tion of HSF1 on the canonical Wnt–b-catenin pathway. 
However, the exact mechanism needs more investiga-
tion. Interestingly, HSF1 was suggested to participate 
in regulating microRNAs (miRNAs) and long noncod-
ing RNA (lncRNA) expression (24). Whether there is a 
feedback loop between miR-34b and HSF1 still awaits 
further confirmation.

In conclusion, our study demonstrated that miR-34b 
was downregulated in blood samples of AML patients and 
AML cell lines, accompanied with the increased expres-
sion of HSF1. miR-34b restoration inhibited cell viability 
and survival by directly targeting HSF1, which inactivated 

the Wnt–b-catenin pathway and HSP27 may mediate this 
inactivation. Therefore, miR-34b restoration may represent 
an alternative strategy for the treatment of AML.
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