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Short hairpin RNA-mediated gene silencing of ADAM17
inhibits the growth of breast cancer MCF-7 cells
in vitro and in vivo and its mechanism of action
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Abstract. A disintegrin and metalloprotease 17 (ADAMI17)
is highly expressed in many malignant tumors and is closely
related to their development. We showed in a previous study
that silencing of ADAMI17 by siRNA inhibited the growth of
MCEF-7 breast cancer cells in vitro and in vivo. In the present
study, we investigated the effects of ADAMI17-short hairpin
RNA (ADAM17-shRNA) on MCF-7 breast cancer cells and
explored the potential action pathway. In vitro, transfection
of shRNAs was performed using a lentivirus, and the effects
of ADAMI17-shRNA on invasion, proliferation and cell cycle
distribution of MCF-7 cells were assessed by Boyden chamber
method, real-time cell analysis and flow cytometry, respec-
tively. In vivo, MCF-7 cells with different administrations were
transplanted subcutaneously into nude mice, and the effect
of ADAM17-shRNA on the growth of transplanted tumors
was assessed. In addition, the morphological structures were
observed by H&E staining, and the expression of ADAMI17
and Ki-67 was assessed by immunohistochemistry; expression
of ADAM17,EGFR, p-EGFR, AKT, p-AKT, ERK and p-ERK
proteins was assessed by western blotting, respectively. Our
data showed that ADAMI17-shRNA successfully inhibited
ADAMI17 mRNA expression, invasion and proliferation of
MCEF-7 cells resulting in GO/G1 phase arrest, and significantly
inhibited the growth of transplanted tumors with larger areas
of necrosis, low expression of ADAM17 and Ki-67 and reduced
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protein expression of ADAMI17, EGFR, p-EGFR, AKT,
p-AKT, ERK, and p-ERK in the tumor tissues. The present
research suggests that ADAM17-shRNA can inhibit MCF-7
cell invasion and proliferation in vitro and inhibit MCF-7
xenograft growth in vivo through the EGFR/PI3K/AKT and
EGFR/MEK/ERK signaling pathways.

Introduction

According to the 2012 survey conducted by the International
Agency for Research on Cancer (IARC), there are nearly
1.7 million women suffering from breast cancer and
~520 thousand individuals succuumb to this disease each
year worldwide, with a rising incidence rate affecting younger
women (1). For the past decade, molecular-targeted therapy,
targeting a particular gene or protein which can play a pivotal
role in the occurrence and development of malignant tumors,
instead of cytotoxic drugs, has gradually become a ‘hotspot’
in cancer treatment research (2). Currently, in this field, studies
concerning downstream genes or proteins of the epidermal
growth factor receptor (EGFR) have emerged in an endless
stream, but research focusing on its upstream genes or proteins
is rare (3). A disintegrin and metalloprotease 17 (ADAMI17) is
a cell membrane glycoprotein, originally known for its ability
to cleave and activate tumor necrosis factor-a (TNF-o); thus,
it is also named TNF-a converting enzyme (TACE) (4,5).
However, upon release of TNF-a, ADAMI7 also processes
various growth factors and receptors. Thus, it promotes the
development of various diseasess, and particularly partici-
pates in the activation of EGFR, which is closely related to
the progression of many malignant tumors (6,7). ADAMI17
is highly expressed in breast cancer, prostate and colorectal
cancer and glioma, playing a ‘signal scissor’ role in the tumor
microenvironment (8,9). It can cut a series of EGFR ligands,
such as epidermal growth factor (EGF), transforming growth
factor-a (TGF-a), betacellulin (BTC), amphiregulin (AREG),
neuregulin (NRG), epiregulin (EREG) and various inflamma-
tory factors, particularly TNF-a (10,11). EGFR ligand-binding
leads to receptor self-dimerization, autophosphorylation
followed by the activation of downstream MEK/ERK
and PI3K/AKT pathways, thereby promoting tumor cell
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proliferation, invasion and metastasis (12,13). In recent years,
the action of ADAM17 in breast cancer has attracted increased
attention. In this respect, there has been a large number of
studies on the expression of ADAMI17 based on clinical
samples, cells and animal models. Expression of ADAMI17 is
weak in normal breast tissues, but is significantly increased
in breast cancer, and becomes higher with an increase in the
degree of malignancy, clinical stage and lymph node metas-
tasis of breast cancer (14). ADAMI17 was found to exhibit
higher expression in highly malignant breast cancers when
compared to that in low malignant cancers, and patients with
high ADAM17 expression were found to have a visibly reduced
overall survival than those with low expression, which implies
that ADAMI17 may be a favorable breast cancer therapeutic
target (15,16). Our previous study found that the migration and
proliferation of MCF-7 breast cancer cells can be inhibited by
the silencing of ADAM17 via the EGFR/PI3K/AKT signaling
pathway in vitro, and MCF-7 cell xenograft growth was also
inhibited by ADAMI17-siRNA in vivo (17). Our present study
found that ADAM17-shRNA suppresses MCF-7 breast cancer
cell growth in vitro and in vivo through the EGFR/PI3K/AKT
and EGFR/MEK/ERK signaling pathways.

Materials and methods

Cell line and cell culture. MCF-7 cell culture was conducted
as previously described (17). The MCF-7 human breast cancer
cell line was obtained from the Institute of Basic Medical
Sciences, Chinese Academy of Medical Sciences (Beijing,
China).

Transfection of MCF-7 cells with lentivirus-ADAMI17-
ShRNA-GFP. As shown in Table I, four ADAMI17-shRNAs
and one non-sense-shNC were designed by GenePharma
(Shanghai, China). Each gene carrier contained an expression
framework of green fluorescent protein (GFP) which could
be expressed in transfected cells. Thus, the transfection effi-
ciency was evaluated under a Nikon® Eclipse Ti-U inverted
fluorescence microscope (Nikon, Tokyo, Japan). MCF-7 cells
in the ADAMI17-shRNA and non-sense-shNC groups were
transfected using a lentivirus following the manufacturer's
instructions. An equal volume of PBS solution was added to
the cells of the control group.

Quantitative real-time polymerase chain reaction (qQRT-PCR).
qRT-PCR experiments were performed as previously
described (17).

Invasion assays in vitro. Invasion of MCF-7 cells was
performed using 24-well Transwell chambers with 8.0-ym
pore polycarbonate membranes covered with Matrigel
(BD Biosciences, San Jose, CA, USA). After trypsinization,
cells of the ADAM17-shRNA, non-sense-shNC and control
groups were suspended in DMEM, respectively, with the cell
concentration adjusted to 5x10°/ml. The subsequent experi-
mental procedure, except the cut polycarbonate membrane
stained with hematoxylin, and counting method were identical
to that as previously described (17). The number of cells that
invaded through the Transwell chamber was an indicator to
evaluate invasive ability.
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Table I. Gene sequences of the ADAMI17-shRNAs and
non-sense-shNC.

shRNAs Gene sequences

ADAMI17-297
ADAMI17-1134
ADAMI17-1219
ADAMI17-1508
Non-sense-shNC

5-GCTCTCAGACTACGATATTCT-3'
5-GCTAGAGCAATTTAGCTTTGA-3'
5-GGAACTCTTGGATTAGCTTAT-3'
5-GCGATCACGAGAACAATAAGA-3'
5-GTTCTCCGAACGTGTCACGT-3'

Real-time cell analysis. The effect of ADAMI17-shRNA on
MCEF-7 cell proliferation was monitored in real-time using
the iCELLigence system (ACEA Biosciences, San Diego,
CA, USA). In brief, 150 u1 DMEM containing 10% FBS
was dropped in each E-Plate L8 well (ACEA Biosciences)
and then the E-Plates were inserted into the iCELLigence
instrument for background measurement. MCF-7 cells of the
ADAMI17-shRNA, non-sense-shNC and control groups were
trypsinized and plated at a concentration of 3x10%/well into
the E-Plate L8 in a final volume of 450 ul, respectively, and
were incubated at room temperature for 30 min. Afterwards,
E-Plates were inserted again, and iCELLigence assay was
performed. Cell adhesion, growth, and proliferation process
were detected by measuring electrical impedance and
recorded for 120 h. Cell index (CI) which reflects the number
of viable cells was calculated for each E-plate well and the
CI curve was obtained with iCELLigence DA Software 1.0
(ACEA Biosciences). The experiments were conducted in
triplicate.

Flow cytometry. The effect of ADAM17-shRNA on the cell cycle
distribution of MCF-7 cells was detected by flow cytometric
(FCM) analysis. MCF-7 cells (1x10%) during the logarithmic
growth phase in the ADAMI17-shRNA, non-sense-shNC, and
control groups were seeded in 25-cm? culture flasks, respec-
tively, and maintained for 24 h. Following washing with PBS
and trypsinization, the cells were then collected and fixed with
75% ethanol at 4°C overnight. After centrifugation, the cells
were incubated with PBS containing 50 pg/ml propidium iodide
(PI) (Sigma, St. Louis, MO, USA) and 100 pg/ml RNase A
(Invitrogen, Carlsbad, CA, USA) in darkness at 37°C for 30 min.
Finally, the cells were subjected to flow cytometric analysis
using the FACSCalibur flow cytometer (BD Biosciences). Each
experiment was repeated 3 times.

Effect of ADAM17-shRNA on the growth of MCF-7 breast
cancer cells in vivo. Female (nu/nu) athymic mice with
a weight of 15-25 g were purchased from Beijing HFK
Bioscience Co., Ltd. (Beijing, China). Estrogen (0.2 ml)
(0.15 mg/ml) was injected into the peritoneal cavity of the
nude mice every day until sacrifice. Fifteen nude mice were
randomly divided into three groups: ADAMI17-shRNA,
non-sense-shNC and control group. MCF-7 (0.2 ml) breast
cancer cells (5x107/ml) with three different treatments were
subcutaneously implanted in the right flank of the nude mice,
respectively, after 3 days of estrogen injection. From the 10th
day after implantation, with visable emergence of the tumor
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Figure 1. MCF-7 cells after transfection with lentivirus-ADAM17-shRNA-GFP (magnification, x200). (A) Fluorescent image of MCF-7 cells transfected with
ADAM17-1219. (B) Inverted microscope image of MCF-7 cells in the same field of A. (C) Merged image from A and B. As is shown, the transfection efficiency

of this experiment reached >90%.
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Figure 2. ADAMI17 mRNA expression in MCF-7 cells is inhibited by ADAM17-shRNAs. Data are shown as a percentage of the control group which was
considered as 100%. ADAM17 mRNA expression was not altered by non-sense-shNC, but inhibited by all ADAMI17-shRNAs, particularly ADAM17-1219

("P<0.05, “P<0.01).

nodule, the tumor diameter was measured with calipers
every 4 days and the tumor volume (V) was calculated by
the formula: V = (width)* x length/2. Mice were sacrificed on
day 26 after cell implantation. The mice were euthanized by
cervical dislocation. This study was conducted in accordance
with the ethical standards according to national and inter-
national guidelines, and all experimental procedures were
approved by the Institutional Review Board of North China
University of Science and Technology.

Immunohistochemistryoftumortissues.Immunohistochemical
staining analysis of ADAMI17 and Ki-67 in the tumor tissues
from the different groups was carried out as previously
described (17).

Western blotting. Western blotting was performed as previ-
ously described (17) with the following modifications. Proteins
were separated on 8% SDS-PAGE and two antibodies:
anti-ERK (1:1,000) and anti-phosphorylated ERK (1:1,000)
(both from Santa Cruz Biotechnology, Inc., Santa Cruz, CA,
USA) were used.

Statistical analysis. Results are showed as mean + SD. Data
were considered statistically significant when the value of
P<0.05. Comparisons among 3 or more groups were made
by one-way ANOVA using SPSS 13.0 software (SPSS,
Inc., Chicago, IL, USA). All experimental procedures were
approved by the Institutional Animal Care and Use Committee
of North China University of Science and Technology.

Results

Transfection efficiency. After transfection with a multiplicity
of infection (MOI) set to 100 and continuous culture for
72 h, the cells were observed under the Nikon® Eclipse Ti-U
inverted fluorescence microscope. According to the expres-
sion of the GFP, the transfection efficiency of this experiment
reached >90%. This verified that the lentivirus transferred
ADAMI17-shRNA to the MCF-7 cells efficiently (Fig. 1).

ADAM 17 mRNA expression was silenced by ADAMI17-shRNA
in MCF-7 cells. To observe whether ADAMI17 expression
was inhibited by ADAMI17-shRNA, ADAM17 mRNA levels
in MCF-7 cells transfected with ADAMI17-shRNAs and
non-sense-shNC were detected by qRT-PCR. The relative
quantity of ADAM17 mRNA in the control group was consid-
ered as 100% after B-actin corrections. Our results revealed
that ADAM17 mRNA was highly expressed in the MCF-7
cells (control), and non-sense-shNC did not change ADAM17
mRNA expression, while all ADAM17-shRNAs inhibited
the expression (P<0.05, Fig. 2), particularly ADAM17-1219
(P<0.01). Thus, we omitted the other shRNAs in the following
experiments. This data showed that ADAMI17 expression
was successfully inhibited by ADAM17-shRNA at the mRNA
level.

Invasion of MCF-7 breast cancer cells. Transwell chamber
method was used to test the invasive ability of the MCF-7
cells. The average number of invaded cells in each field
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Figure 3. Invasion of MCF-7 breast cancer cells of the different groups (hematoxylin staining, magnification, x200). The number of invaded cells/field was
101.75+4.25,99.13+6.08 and 57.42+3.95 in the control, non-sense-shNC and ADAM17-shRNA groups, respectively. ADAM17-shRNA significantly inhibited
the invasive ability of the MCF-7 cells (P<0.05).
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Figure 4. Cell index (CI) curve of MCF-7 cells in the three groups. The CI of the ADAM17-shRNA group maintained a lower increase and significantly lower
level than that of the other two groups (P<0.05). ADAMI17-shRNA effectively inhibited the proliferation and growth of the breast cancer cells.
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Figure 5. Effect of ADAM17-shRNA on MCEF-7 cell cycle distribution. ADAM17-shRNA caused a significantly increased accumulation of the cell population
in the GO/G1 phase, accompanied by a decrease in the percentage of cells in the S and G2/M phases (P<0.05).

was 101.75+4.25, 99.13+6.08 and 57.42+3.95 in the control,
non-sense-shNC and ADAM17-shRNA groups, respec-
tively (Fig. 3). There was no statistical difference between the
control and the non-sense-shNC group (P>0.05). However, the
number was reduced significantly in the ADAMI17-shRNA
group (P<0.05). The results revealed that ADAMI17 enhanced
MCEF-7 cell invasion and ADAMI17-shRNA successfully
inhibited the invasive ability of the breast cancer cells.

CI curve by iCELLigence system. Using the iCELLigence
microelectronic biosensor system, the real-time analysis of
MCF-7 cell proliferation was performed. As shown in Fig. 4,
cells of the control and non-sense-shNC group both displayed
high increases and high levels in CI, but the growth rate and
proliferative activity did not achieve a significant different
(P>0.05). However, the CI of the ADAMI17-shRNA group
maintained a shorter increase and significantly lower level
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Figure 6. Antitumor effect of ADAM17-shRNA in vivo. (A) Tumor-bearing nude mice in the control group. (B) Tumor-bearing nude mice in the non-sense-shNC
group. (C) Tumor-bearing nude mice in the ADAMI17-shRNA group. (D) Transplanted tumor in the control (a), non-sense-shNC (b) and ADAM17-shRNA (c)
group, respectively. (E) Tumor growth curve. ADAMI17-shRNA effectively inhibited the growth of breast cancer xenografts in nude mice (P<0.05).
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Figure 7. Microscopical structures in the tumor tissues of the different groups (magnification, x200). Transplanted tumors were characterized by breast
invasive ductal carcinoma: cords of breast cancer cells, interstitial invasion and hemorrhage. The tumor tissue of the ADAM17-shRNA group developed larger
areas of necrosis, in which the cells were destroyed and the cell structures had disappeared.

than that of the other two groups, which implies a slowed
cell growth rate and decreased proliferative activity (P<0.05).
Thus, the iCELLigence assay showed that ADAM17-shRNA
effectively inhibited the proliferation of the MCF-7 cells.

ADAMI17-shRNA induces GO/GI cell cycle arrest in
MCF-7 cells. To further examine the antitumor effect of
ADAMI17-shRNA, cell cycle progression in MCF-7 cells was
investigated. The percentage of cells in each phase of the cell
cycle was measured by flow cytometry (Fig. 5). There was
no significant difference in the percentage of GO/GI, S and
G2/M phase cells between the control and non-sense-shNC
group (P>0.05). However, when MCF-7 cells were trans-
fected with ADAMI17-shRNA, an accumulation of the cell
population in the GO/G1 phase was significantly increased,
accompanied by a decrease in the percentage of cells in the
S and G2/M phases (P<0.05). These results indicated that
ADAM17-shRNA resulted in GO/GI1 phase arrest of MCF-7
cells, eventually inhibiting the growth of MCF-7 cells.

Inhibition of tumor growth by ADAMI7-shRNA. The
size of the transplanted tumors was observably increased

(a and b in Fig. 6D) in the control group (Fig. 6A) and the
non-sense-shNC group (Fig. 6B), but was significantly smaller
(c in Fig. 6D) in the ADAM17-shRNA group (Fig. 6C) than the
other two groups (P<0.05). The tumor growth curve (Fig. 6E),
drawn from the average tumor volumes of the different groups,
showed that the transplanted tumors maintained a sustained
and rapid growth trend in the control and non-sense-shNC
groups, but increased slowly in the ADAM17-shRNA group.

Microscopic features of the transplanted tumor tissues.
Hematoxylin and eosin (H&E) staining displayed that the
transplanted tumors were characterized by breast invasive
ductal carcinoma (cords of breast cancer cells, interstitial
invasion and hemorrhage). There was no obvious differ-
ence between the control and non-sense-shNC group.
Compared with the other two groups, the tumor tissue of the
ADAMI17-shRNA group developed larger areas of necrosis,
in which the cells were destroyed and cell structures had
disappeared (Fig. 7).

ADAM17 and Ki-67 in tumor tissues as detected by immuno-
histochemistry. ADAM17, shown as positive brown staining,
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Figure 8. Immunohistochemical analysis of ADAMI17 and Ki-67 expression in the different groups (magnification, x400). (A) ADAM17, indicated as positive
brown staining, was mostly expressed in the cytoplasm. Its expression in ADAMI17-shRNA group was significantly decreased (P<0.01). (B) Ki-67, indicated as
positive brown staining, was mostly expressed in the nucleus. Its expression in the ADAM17-shRNA group was also significantly decreased (P<0.01).
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Figure 9. ADAM17-shRNA downregulates the expression of signaling proteins implicated in carcinogenesis. (A) Representative western blotting images.
(B) Corresponding data illustrating ADAM17, EGFR, p-EGFR, AKT, p-AKT, ERK and p-ERK expression levels in transplanted tumors of the different
groups. ADAM17-shRNA significantly reduced the expression of these proteins compared with the other two groups ('P<0.01).

was mostly expressed in the cytoplasm. The staining index
score was 7.17+0.27, 7.11+0.21 and 2.65+0.49 in the control,
non-sense-shNCand ADAM17-shRNA group,respectively. The
scores indicated a significant decrease in the ADAM17-shRNA

group (P<0.01, Fig. 8A), but had no statistical difference
between the control and non-sense-shNC group (P>0.05). The
results suggested that ADAMI17-shRNA inhibited ADAM17
expression in transplanted tumors.
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Ki-67, shown as positive brown staining, was mostly
expressed in the nucleus. The staining index score was
9.05+0.34, 8.94+0.42 and 3.76+0.23 in the control, non-
sense-shNC and ADAMI17-shRNA group, respectively. The
scores indicated a significant decrease in the ADAM17-shRNA
group (P<0.01, Fig. 8B), but no statistical difference was noted
between the control and non-sense-shNC group (P>0.05).
The results indicated that ADAM17-shRNA inhibited Ki-67
expression in the transplanted tumors.

Exploration of the mechanism underlying the inhibition of
breast cancer growth by ADAM17-shRNA. To further reveal
the mechanism of ADAMI17-shRNA against MCF-7 breast
cancer growth, expression of related proteins in the transplanted
tumors were tested by western blotting. The results showed that
there was high expression of ADAMI17, EGFR, phosphory-
lated (p)-EGFR, AKT, p-AKT, ERK and p-ERK, both in the
control and non-sense-shNC groups; however, administration
of ADAMI17-shRNA significantly reduced these proteins
compared with the other two groups (P<0.01, P<0.01, P=0.01,
P<0.01, P<0.01, P<0.01, P<0.01, respectively, Fig. 9). These data
indicated that EGFR, p-EGFR, AKT, p-AKT, ERK and p-ERK
were downstream of ADAM17 and were involved in the inhibi-
tion of MCF-7 breast cancer cells by ADAM17-shRNA in vivo.

Discussion

ADAMI7 is expressed in almost all cells of the human body,
but only obviously when inflammation or cancer occurs (18). It
can cut some membrane-bound growth factors, growth factor
receptors or cytokines in the extracellular domain, making
them activated or released, thereby modulating a variety
of cellular biological behaviors, which is causally related
to neurodevelopment, aging, viral transmission, immune
response and tumorigenesis (8,18).

Our previous study found that migration and proliferation of
MCEF-7 breast cancer cells were inhibited by ADAMI17-siRNA
viathe EGFR/PI3K/AKT signaling pathway in vitro,and MCF-7
cell xenograft growth was also inhibited by ADAMI17-siRNA
in vivo (17). However, siRNA cannot self-replicate and is easy
to be diluted and degraded in the process of cell differentia-
tion, resulting in a short duration of silencing action (usually
lasting 3-7 days). Once siRNA disappears in the transfected
cells, the function of the target gene can be restored to the
level of pre-transfection. This limitation makes siRNA only
an effective tool for short-term analysis of gene function (19).
Thus, in our current project, we transfected MCF-7 cells with
ADAMI17-shRNA and that siRNA sequence was cloned into
the plasmid vector as ‘short hairpin’. When entering a cell, the
hairpin sequence can be automatically processed into siRNAs,
which enable target gene silencing. Therefore, loading the
carrier of the shRNA can be passed to the progeny cells so
that the silencing of genes can be inherited (19,20). Lentivirus
can infect both mitotic and non-mitotic cells, and the RNA
interference sequence that it carries can be randomly inserted
and integrated into the genome of the host cell for long-term
expression (21,22). Thus, the aim of long-term stable silencing
of the ADAM17 gene can be achieved.

Cell proliferation and invasion are essential to the develop-
ment of cancers, which are complicated activities regulated by
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many types of factors (23). Some studies have confirmed that
ADAMI17 can enhance proliferation and invasion of breast
cancer cells (2,24,25). In the present study, the MCF-7 cell line
was employed for the research of ADAMI17-shRNA against the
proliferation and invasion of breast cancer in vitro. Prior to this,
we maintained cell transfection efficiency above 90% using a
lentivirus, in order to provide full efficacy of ADAM17-shRNA.
The qRT-PCR data showed that our shRNA successfully
inhibited ADAMI17 expression at the mRNA level. Real-time
cell analysis and Transwell chamber assay showed that
ADAM17-shRNA effectively blocked proliferation and invasion
of MCF-7 cells, and flow cytometric analysis further confirmed
that ADAMI17-shRNA resulted in a GO/G1 phase arrest of the
MCF-7 cells. The results suggest that ADAM17-shRNA can
inhibit breast cancer metastasis to other organs.

Thereafter, the antitumor effects of ADAMI17-shRNA
were detected in vivo. Xenograft models of MCF-7 breast
cancer were established in nude mice to observe whether
ADAM17-shRNA could inhibit tumor growth. The results
showed that ADAMI17-shRNA slowed the growth of trans-
planted tumors and induced tumor necrosis. As a valuable
biological marker for assessing the proliferative activity
of tumor cells, Ki-67 has demonstrated positive results in a
variety of malignancies, particularly in breast cancer (26,27).
It is often used in clinical work to evaluate the malignant
degree of breast cancer and the prognosis of patients (27,28).
Our immunohistochemistry results indicated that the expres-
sion of ADAMI17 and Ki-67 were significantly decreased in
the breast cancer tissues transfected with ADAMI17-shRNA.

EGFR, a tyrosine kinase type receptor, is widely distributed
in all cell surfaces except hematopoietic cells and plays an
important regulatory role in the normal physiological process of
cells (29). However, overexpression and mutation of EGFR are
always associated with malignant tumors (29,30). A recent study
found that EGFR expression increases with tumor volume, histo-
logical grade, lymph node metastasis and TNM stage of breast
cancer, and there are numerous studies on targeting EGFR in
breast cancer treatment (31-34). EGFR activation relies on
binding ligands (such as EGF, TNF-a) to promote proliferation
and invasion of tumor cells. ADAM17 has been proven to play a
pivotal role in the progression of EGFR-dependent malignancies
by hydrolyzing its ligands (13,16). EGFR ligand-binding may
activate the downstream PI3K/AKT and MEK/ERK signaling
pathways, which contributes to tumor development (2,12,35).
AKT, also known as protein kinase B (PKB), is closely related to
the proliferation, apoptosis, and metabolism of normal cells (36).
The dysregulation of the PI3K/AKT pathway is associated
with diabetes, cardiovascular and neurological diseases, and
malignancies (37). Studies have shown that PI3K/AKT pathway
signals are overexpressed in breast, liver and lung cancer, soft
tissue tumors and other malignant diseases, and are correlated
with tumor size (38-40). Our previous study confirmed that
AKT signaling is induced by ADAMI17, which is involved in
MCF-7 cell proliferation and migration (17). However, in the
previous study, the MEK inhibitor (PD0325901) was found to
have no effect on the proliferation and invasion of MCF-7 cells,
and thus was discarded in the subsequent experiments, without
further testing the protein expression of the EGFR/MEK/ERK
pathway in different treatments and ascertaining its interac-
tion with the ERFR/PI3K/ERK pathway. Various studies have
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shown that crosstalk exists between the EGFR/PI3K/AKT and
EGFR/MEK/ERK pathways (41-43). Phosphorylated AKT
can activate the mitogen-activated protein kinase (MAPK)
pathway (44). Selective MEK inhibitors can cause the upegulation
of PI3K pathway signals, which leads to the drug resistance to the
MEK inhibitor in a complex signal network, while the combina-
tion of MEK inhibitor and PI3K inhibitor can provide a better
therapeutic effect (42,45,46). Thus, we highly suspect that the
inhibitory effect of PD0325901 on MEK was obscured by the role
of the upregulated PI3K signals through the above mechanism in
our last study, so the migration and proliferation of MCF-7 cells
were not reduced after PD0325901 administration. Therefore,
we considered that the mechanism of ADAMI17-shRNA in the
inhibition of MCF-7 breast cancer needed further exploration.
ERK, an important member of the MAPK family, is confirmed
in a variety of cell models to participate in cell apoptosis and
cell cycle regulation and play a crucial role in cell proliferation
and differentiation (47,48). Excessive expression of the ERK
pathway is common in tumors (49,50). It has been proven that
ERK and p-ERK expression in breast cancer tissues increases
with clinical stage and lymph node metastasis (51). Various
studies have reported that the EGFR/MEK/ERK pathway can be
activated by ADAMI17 (35,52). In the present study, the western
blot results showed that expression of EGFR, AKT, and ERK
was significant lower in the ADAMI17-shRNA group than that in
the control and non-sense-shNC groups due to the fact that the
growth of the transplanted tumor was markedly inhibited, and
p-EGFR, p-AKT and p-ERK expression was also suppressed by
ADAMI17-shRNA.

Our results above indicated that ADAM17-shRNA can
inhibit MCF-7 breast cancer growth in vitro and in vivo through
the EGFR/PI3K/AKT and EGFR/MEK/ERK signaling
pathways. This provides reliable experimental support for the
development of new drugs targeting ADAMI17 and opens up a
new approach for the targeted therapy of breast cancer.
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