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Abstract: Homologous to the E6-associated protein carboxyl terminus domain containing 3 (HECTD3) is an E3 
ubiquitin ligase which ubiquitinates caspase-8, caspase-9 and promotes cancer cell survival. Aberrant HECTD3 
expression is frequently involved in various types of cancer progression. However, to date, the regulation of HECTD3 
remains unclear. Here, we demonstrated that miR-153 functions as a negative regulator of HECTD3 and sensitizes 
cisplatin-induced apoptosis in triple-negative breast cancer cells MDA-MB-231 and BT-549. Luciferase reporter 
assay demonstrated that miR-153 suppresses HECTD3 expression through directly targeting its mRNA within the 
3’-Untranslated Region (3’UTR). Additionally, the expression levels of miR-153 and HECTD3 are inversely correlated 
in breast cancer cell lines. Furthermore, ectopic expression of miR-153 promotes apoptosis in MDA-MB-231 and 
BT-549 cells treated with cisplatin or TNF-α, and miR-153 inhibitor treatment inhibits cisplatin induced apoptosis 
in MDA-MB-231 and BT-549 cells. Moreover, stable overexpression of HECTD3 abrogates the sensitization effect of 
miR-153 to cisplatin treatment in MDA-MB-231 cells, and miR-153 inhibitor protects cells against cisplatin cytotox-
icity in control cells, but not in the stable knockdown HECTD3 MDA-MB-231 cells. More importantly, breast cancer 
patients with higher expression levels of miR-153 had significant higher 5-year survival rate in PROGmiR database 
(P<0.05). Taken together, our study indicated that miR-153 inhibits TNBC survival by targeting HECTD3 and func-
tions as a potent tumor suppressor.
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Introduction

Breast cancer is the most frequently diagnosed 
malignancy and the second leading cause of 
cancer-related death among females world-
wide [1]. Triple negative breast cancer (TNBC) is 
the most aggressive subtype of breast cancer, 
known as being negative for human epiderm- 
al growth factor receptor 2 (HER2), estrogen 
receptor (ER), and progesterone receptor (PR), 
which results in shorting of effective targets in 
clinical therapies with a poor prognosis [2]. 
During the past few decades, a large amount  
of study focused on uncovering the molecular 
mechanisms underlying the pathogenesis of 
TNBC, in which apoptosis-associated genes 
contribute to this process by evasion of apopto-
sis. However, the pathogenesis is still not com-
pletely understood. Therefore, it is urgent to 
clarify the TNBC aggressiveness and identify 
novel, efficient targets for therapeutic inter- 
vention. 

Ubiquitination as one of the crucial protein 
modifications in eukaryotes is involved in regu-
lating an enormous range of biological process-
es, such as apoptosis that plays an important 
role in tumorigenesis and development [3, 4]. 
Therefore, dysfunction of ubiquitination may 
lead to the occurrence of diseases including 
breast cancer [5, 6]. Many E3s potentially act 
as oncogenes or tumor suppressors owing to 
their genetic and expression alterations in can-
cer. HECTD3 is an E3 ubiquitin ligase belonging 
to the HECT (homologous to E6-AP COOH termi-
nus) domain-containing E3s. Previous studies 
have revealed that HECTD3 could promote cell 
survival through targeting MALT1 and caspase8 
in a nondegradative approach [7, 8]. Moreover, 
it is frequently overexpressed in breast carcino-
mas [8]. As a potential oncogene, there is not 
yet any relevant report about the regulation of 
HECTD3 at present. Therefore, we determine to 
study the post-transcriptional regulation of 
HECTD3.
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MicroRNAs (miRNAs) are a class of endogeno- 
us small noncoding single-stranded RNAs of 
approximately 20-22 nucleotides (nt) long. miR-
NAs regulate the expression of protein-coding 
genes by binding to the complementary se- 
quence of the mRNA 3’UTR [9]. To date, there 
are over 2,500 miRNAs that have been identi-
fied in human genome [10]. miRNAs participate 
in regulating almost all vital cellular processes, 
including development, differentiation, prolifer-
ation and apoptosis. And numerous studies 
have uncovered that dysregulation of miRNAs 
is associated with the initiation, progression 
and metastasis of human cancers, including 
mammary carcinoma [11]. The TNBC subtype 
exhibits the greatest resistance to chemothera-
py. Growing evidences have indicated a strong 
association between miRNAs and chemosensi-
tivity. For instance, miRNA-26b, miR-497 and 
other miRNAs enhance the chemosensitivity of 
cancer cells [12, 13]. Since the important roles 
of miRNAs in cancers and the limitations of 
nowadays available diagnostic methods having 
exposed, miRNAs are emerging as diagnostic, 
prognostic and predictive biomarkers. 

In this study, we identified that miR-153 can 
directly target and suppress HECTD3 expres-
sion. Moreover, miR-153 sensitizes TNBC cells 
(MDA-MB-231) to apoptosis by down-regulating 
HECTD3. As above, miR-153 seems to be a 
tumor suppressor miRNA (tsmiR), which is com-
patible with the information in PROGmiR data-
base that miR-153 positively correlates with 
the 5-year survival rate of breast cancer. These 
findings establish a new mechanism of apopto-
sis regulation pathway, and provide a novel 
potential prognostic biomarker and therapeutic 
target.

Materials and methods

Cell culture

The MDA-MB-231, BT-549, MDA-MB-468, 
SKBR3, MCF7 and SW527 cell lines used in 
this study were purchased from the American 
Type Culture Collection (ATCC, Manassas, VA, 
USA) and cultured in DMEM containing 10% 
fetal bovine serum (FBS). HEK293T cells were 
cultured in DMEM containing 10% FBS.

Plasmid construction and Transient Transfec-
tion

The full-length 3’UTR of HECTD3 was cloned 
from HEK-293T genomic DNA and then insert-

ed into the pIS0 luciferase vector to genera- 
te pIS0-HECTD3-3’UTR. Mutant construct of 
HECTD3 3’UTR, named pIS0-HECTD3-3’UTR-
MUT, which carried a substitution of six nucleo-
tides within the core binding sites of HECTD3-
3’UTR, was carried out using Site-Directed Mu- 
tagenesis Kit (SBS Genetech, Beijing, China). 
HECTD3-pLenti6 was described in a previous 
study [8].

Transient transfection for plasmids and miR-
NAs was performed using Lipofectamine 2000 
reagent (Invitrogen, Carlsbad, CA) according to 
the manufacturer’s instructions.

Antibodies and other reagents

The anti-HECTD3 rabbit polyclonal antibody 
was described in a previous study [7]. The anti-
β-actin mouse monoclonal Ab, anti-cleaved-
caspase-7, anti-cleaved-caspase-3 and anti-
caspase-3 antibodys were acquired from Cell 
Signaling (Danvers, MA). The anti-PARP and 
anti-HA antibodys were from Santa Cruz 
Biotechnology (Santa Cruz, CA). All miRNAs and 
inhibitor of miR-153 were purchased from 
GenePharma (Shanghai, China). Cisplatin was 
purchased from Hospira (Austrilia). 

Lentivirus production and transduction

Virus particles were harvested 48 hours after 
pLenti6 and HECTD3-pLenti6 constructs trans-
fection with the PLP1, PLP2 and PLP/VSVG con-
structs into HEK293T cells by using Lipofec- 
tamine 2000 reagent (Invitrogen). MDA-MB-231 
cells were infected with lentivirus plus 5 mg/ml 
polybrene (Sigma, St Louis, MO, USA).

Real-time quantitative PCR (RT-qPCR)

Total RNA was extracted with TRIzol (Invitrogen, 
USA) and reverse-transcribed into cDNA using 
Quantscript RT kit produced by Tiangen (Beijing, 
China) in accordance with the manufacturer’s 
protocol. RT-qPCR was carried out using SYBR 
Premix Ex TaqTM II (TaKaRa, Japan) on Step-one 
plus real-time PCR system (Applied Biosystems, 
Foster City, CA, USA) with miR-153 and HECTD3 
specific primers. The primer sequences were 
as followed: hsa-miR-153-R: CTCAACTGGTGT- 
CGTGGAGTCGGCAATTCAGTTGAGGATCACTTT; 
hsa-miR-153-F: ACACTCCAGCTGGGTTGCATAG- 
TCACAAAAGT; HECTD3-F: GGGCTACGAGACCAC- 
AGACG; HECTD3-R: GCAAGGCCAAGAGGGACAC.
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Cell viability analysis (SRB assay)

Cells in 24-well plates were fixed in situ by gen-
tle addition of 0.4 ml cold TCA (10%) per well 
and incubated for 1 hour at 4°C. Supernatant 
was discarded and plates were washed 5 times 
with water and air dried. 400 µl of sulforhoda-
mine B (SRB) solution 0.4% (w/v) in 1% acetic 
acid was added to each well, and plates incu-
bated for 10 minutes at RT. After staining, 
unbound dye was removed by washing 5 times 
with 1% acetic acid and plates were air dried. 
Bound stain was solubilized with 10 mM Tris 
base. Absorbance was read on an automated 
plate reader at 515 nm. The cell viability experi-

ments were conducted in triplicate. The data 
were pooled to generate means ± standard 
deviation and analyzed by t-test.

Dual luciferase assay 

HEK293T cells were seeded in 24-well plates. 
The next day, the cells were transfected with 
the HECTD3 3’UTR luciferase reporter con-
structs for 24 hours, and an internal control 
pRL-β-actin combined with miR-153 and con-
trol in triplicate. The cells were continually cul-
tured for 24 hours, and luciferase activities 
were measured by using the dual luciferase 
reporter assay system (Promega, Madison, WI, 
USA).

Figure 1. MiR-153 directly targets HECTD3 mRNA 3’UTR. A. Sequence of the 3’UTR region of HECTD3 with putative 
miRNA-binding sites (underlined) predicted by three algorithms: TargetScan, miRanda, and Pictar. B. Western blot 
analysis for HECTD3 protein expression level in MDA-MB-231 cells after transfection with eight miRNAs as indicated 
for 2 days. C. HECTD3 levels were quantified in panel B by Image J software. D. HEK293T cells were transfected with 
the HECTD3 3’UTR luciferase reporter and an internal control pRL-β-actin constructs combined with indicated miR-
NAs or control for 24 hours. Then the luciferase activities were determined with Dual-Luciferase Reporter System. 
E. Sequences of wild type and mutant miR-153-binding sites in the 3’UTR of HECTD3 mRNA. F. HEK293T cells were 
transfected with the HECTD3 3’UTR or HECTD3 3’UTR-MUT luciferase reporter and an internal control pRL-β-actin 
combined with miR-153 and control for 24 hours, and luciferase activities were measured.
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Statistical analysis

Data presented are mean ± SD of a minimum 
of three independent experiments. The statisti-
cal significance was determined by Student’s 
unpaired t-test for all experiments. P values 
less than 0.05 were considered to be of statis-
tical significance. Data and statistical analysis 
were performed using GraphPad Prism version 
5.01 for Windows, GraphPad Software (La Jolla, 
CA, USA).

Results

MiR-153 directly targets HECTD3

We have previously demonstrated that HECTD3 
is an oncogene and promotes cancer cell sur-
vival. However, the regulation of HECTD3 is yet 
unknown. Here, we identified eight putative 
miRNA-binding sites in the 3’UTR of HECTD3 
mRNA by three algorithms: TargetScan, miRan-
da, and Pictar (Figure 1A). To narrow down the 
scope, we respectively transfected these eight 
miRNAs and control into MDA-MB-231 cells. 
The HECTD3 expression was determined using 
Western blot and five miRNAs (miR-26b, miR-
1297, miR-153, miR-939 and miR-875-5p) we- 
re found to significantly down-regulate HECTD3 
expression level (Figure 1B and 1C). To further 
test the specific regulation through the predict-
ed binding sites, we cloned the 3’UTR of 
HECTD3 into the pISO reporter plasmid down-
stream of luciferase gene and transfected 
miRNA mimics or control and reporter plasmids 
into HEK293T cells. The luciferase reporter 

assays showed that miR-153 prominently sup-
pressed the luciferase activity for over 80% 
(P<0.001) and other four miRNAs suppressed 
only for 40-60% (Figure 1D). Furthermore, this 
suppressive effect of miR-153 was rescued by 
several nucleotide substitutions in the core 
binding sites (Figure 1E, 1F). These results sug-
gested that miR-153 can directly target and 
suppress the HECTD3 expression in MDA-
MB-231 cells.

To further investigate the relationship between 
HECTD3 and miR-153, we measured the 
HECTD3 protein level and mature miR-153 level 
in five breast cancer cell lines (MDA-MB-468, 
SKBR3, MCF7, SW527 and MDA-MB-231) and 
an immortalized human breast epithelial cell 
line 184A1. Compared with 184A1, HECTD3 is 
over-expressed in the breast cancer cell lines 
(Figure 2A, 2B) and miR-153 is down-regulated 
in the five breast cancer cell lines (Figure 2C). 
The results revealed that there is an inverse 
relationship between miR-153 and HECTD3, 
which further confirmed that miR-153 negative-
ly regulates HECTD3. 

MiR-153 promotes apoptosis of breast cancer 
cells in the presence of TRAIL and cisplatin 
through targeting HECTD3

Based on miR-153 down-regulating HECTD3 
and being involved in apoptosis regulation, we 
postulated that re-expression of miR-153 could 
sensitize breast cancer cells to apoptosis 
inducers (such as TNF-α and cisplatin). Hence, 
we transfected miR-153 mimics or control (NC 

Figure 2. MiR-153 is negatively correlated to HECTD3 in breast cancer cell lines. (A) The expression of the HECTD3 
protein in all the above breast cell lines was determined by Western blot. (B) HECTD3 levels were quantified as indi-
cated in panel (A) by Image J software. (C) The miR-153 expression levels of the six breast cell lines were detected 
by RT-qPCR. 
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oligonucleotides) into MDA-MB-231 cells treat-
ed with or without TNF-α and cisplatin. The miR-
153 and HECTD3 mRNA expression were deter-
mined by qRT-PCR and HECTD3 protein level, 
apoptosis were determined by Western blot. As 
expected, the endogenous HECTD3 mRNA level 
was significantly repressed by overexpressing 
miR-153 (Figure 3A). Meanwhile, apoptosis 
indicated by cleaved caspase-3/7 was incre- 
ased in MDA-MB-231 cells (Figure 3B) and 
BT-549 cells (Figure 3C) with miR-153 transfec-
tion in the presence of TNF-α or cisplatin. 
Subsequently, cell viability was measured by 
SRB assay to characterize the function of miR-

153 in MDA-MB-231 cells. As shown in Figure 
3D, cell viability was significantly decreased in 
the miR-153 transfected cells treated with cis-
platin. These data are consistent with our previ-
ous report that HECTD3 depletion could sensi-
tize cancer cells to apoptotic stimuli. On the 
other hand, the inhibitor of miR-153 significant-
ly up-regulates the endogenous HECTD3 mRNA 
and protein level through decreasing miR-153 
level in MDA-MB-231 cells (Figure 4A, 4B). 
Moreover, apoptosis indicated by cleaved cas-
pase-3/7 was decreased in MDA-MB-231 cells 
(Figure 4B) and BT-549 cells (Figure 4C) with 
miR-153 transfection in the presence of cispla-

Figure 3. MiR-153 sensitized TRAIL and cisplatin induced cell apoptosis in MDA-MB-231 cells. (A) MDA-MB-231 
cells were transfected with miR-153 for 2 days, the expression of miR-153 and HECTD3 mRNA were measured 
by RT-qPCR. (B, C) MDA-MB-231 (B) and BT-549 (C) cells were transfected with miR-153 for one day and treated 
with cisplatin or TNF-α overnight, and then apoptosis was measured by cleaved caspase3 (cl-casp3) and cleaved 
caspase7 (cl-casp7). (D) MDA-MB-231 cells were transfected with miR-153 for one day and treated with cisplatin 
overnight, and cell viability was determined by the SRB assay.
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tin, and cell viability was significantly increased 
in MDA-MB-231 cells transfected the miR-153 
inhibitor in the presence of cisplatin (Figure 
4D).

To confirm that miR-153 sensitized cisplatin-
induced cytotoxicity through down-regulating 

HECTD3, we transfected miR-153 into stable 
overexpressing HECTD3 and control MDA-
MB-231 cells by lentivirus system (Figure 5A) 
and treated the cells with cisplatin, and apopto-
sis was determined by Western blot. As shown 
in Figure 5B, overexpression of HECTD3 inhib-
ited the cytotoxicity of miR-153 combining with 

Figure 4. MiR-153 inhibitor protects cell against cisplatin induced apoptosis. (A) MDA-MB-231 cells were transfected 
with miR-153 inhibitor for 2 days, the expression of miR-153 and HECTD3 mRNA were measured by RT-qPCR. (B, C)
MDA-MB-231 (B) and BT-549 (C) cells were transfected with miR-153 inhibitor for one day and treated with cisplatin 
overnight, and then apoptosis was measured by cleaved caspase3 (cl-casp3) and cleaved caspase7 (cl-casp7). (D) 
MDA-MB-231 cells were transfected with miR-153 inhibitor for one day and treated with cisplatin overnight, and cell 
viability was determined by the SRB assay.
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cisplatin. On the other hand, we transfected 
miR-153 inhibitor into stable knockdown HEC- 
TD3 and control MDA-MB-231 cells by lentivi-
rus system (Figure 5C) and treated the cells 
with cisplatin. The results demonstrated that 
miR-153 inhibitor inhibits cisplatin induced 
apoptosis in control cells, but not in the stable 
knockdown HECTD3 MDA-MB-231 cells (Figure 
5D).

Collectively, these results suggested that 
HECTD3 is a direct target of miR-153, and the 
regulatory effect of miR-153 on breast cancer 
cell apoptosis is at least in part through the 
down-regulation of HECTD3.

To further investigate the impact of miR-153 on 
the breast cancer outcome, Kaplan-Meier sur-
vival analysis of patients with breast cancer in 
PROGmiR database was performed. The result 
demonstrated that the 5-year survival rate was 
remarkably elevated in patients with higher 
expression of miR-153 (Figure 6). Down-
regulation of miR-153 predicted poor progno-

sis, which suggested that miR-153 might play 
an important role in breast cancer progres- 
sion.

Discussion

Although TNBC represents less than 20% of all 
breast cancer types, it accounts for a dispro-
portionate and large number of breast cancer 
deaths with poor outcomes [14, 15]. TNBC 
exhibiting resistance to chemotherapeutic 
drugs has become a priority outstanding issue 
we are being confronted with, therefore there is 
an urgent need to develop new therapies to 
prevent chemoresistance. Meanwhile increas-
ing evidence revealed that multiple genes and 
signalling pathways are involved in this process 
[16]. As previously reported, HECTD3 decreas-
es chemosensitivity of TNBC and may become 
a prospective target for TNBC therapy.

miRNAs have become an accepted important 
post-transcriptional regulation since its discov-
ery. Previous study showed that more than half 

Figure 5. MiR-153 sensitized cancer cells to cisplatin induced apoptosis through targeting HECTD3. (A, B) Stable 
overexpressing HECTD3 or control MDA-MB-231 cells (A) were transfected with miR-153 for one day and treated 
with cisplatin overnight, and then apoptosis was measured by cl-casp3 and cl-casp7 (B). (C, D) Stable knockdown 
HECTD3 or control MDA-MB-231 cells (C) were transfected with miR-153 inhibitor for one day and treated with cis-
platin overnight, and then apoptosis was measured by cl-casp3 and cl-casp7 (D).
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of the human miRNA genes are located in can-
cer-associated genomic regions or in fragile 
sites, which suggested that miRNAs play a key 
role in oncogenesis [17]. It was reported that 
miR-153 could negatively regulate metastases 
of gastric cancer, inhibit epithelial-to-mesen-
chymal transition (EMT) in hepatocellular carci-
noma and breast cancer, and suppress migra-
tion and invasion of human non-small-cell lung 
cancer [18-21]. Together, these results revealed 
that miR-153 probably acts as a tumor sup-
pressor in human cancers although there was a 
report demonstrated that miR-153 silencing 
induces apoptosis in TNBC cell line MDA-
MB-231 [22]. Our data demonstrated that miR-
153 promotes TNBC cell MDA-MB-231 and 
BT-549 TNF-α- and cisplatin-mediated apopto-
sis by suppressing HECTD3 expression. This 
regulatory relationship was confirmed by the 
negative correlation of miR-153 and HECTD3 in 
breast cancer cell lines. Down-regulation of 
HECTD3 mediated by miR-153 significantly sen-
sitizes cisplatin-induced apoptosis and decre- 
ases viability in cancer cells, and exogenous 
HECTD3 could efficiently eliminate the sensiti-
zation of miR-153 to cisplatin-induced cytoto- 
xicity. 

As we have discussed above, miR-153 targets 
several critical genes regulating metastasis, 
apoptosis and EMT in human cancers. Hence, 
the treatment effect of miR-153 is much better 

CTD3 axis might be a potential therapeutic tar-
get for TNBC.
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