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Abstract. A disintegrin and metalloproteinase-17 (ADAM17) 
can cut and release a wide variety of epidermal growth factor 
receptor (EGFR) ligands to promote survival, invasion and 
proliferation of cancer cell, and therefore, is considered to be 
a potential therapeutic target for cancer. The main goal of the 
present study was to observe the effects of ADAM17 small 
interfering RNA (ADAM17-siRNA) on human MCF-7 breast 
cancer and investigate its activation pathway. In vitro, MCF-7 
cells were divided into ADAM17-siRNA groups, nonsense 
siRNA groups, AG1478 (selective EGFR blocker) groups, 
LY294002 [phosphatidylinositol 3-kinase (PI3K) phosphory-
lation inhibitor] groups, PD0325901 [mitogen extracellular 
kinase (MEK) inhibitor] groups and control groups. In vivo, 
MCF-7 cells were implanted subcutaneously into nude 
mice and then these mice were randomly divided into 
ADAM17-siRNA groups, vector groups and control groups. 
Our data showed that compared with the control groups, 
ADAM17-siRNA, AG1478 and LY294002 could inhibit the 
migration and proliferation of MCF-7 cells, but PD0325901 
and nonsense siRNA did not show this effect. Except that 
specific ADAM17-siRNA could inhibit the expression of 
ADAM17 mRNA, others did not change it. Western blot 
analysis further confirmed that EGFR-PI3K-AKT signaling 
pathway is involved in ADAM17-siRNA inhibiting migration 
and proliferation of MCF-7 cells. Similarly to the former, the 
growth of MCF-7 breast cancer in nude mice was signifi-
cantly inhibited by ADAM17-siRNA. Compared with the 
control group and the vector group, the tumor volume was 
smaller in the ADAM17-siRNA group, the tissues developed 

large areas of necrosis, immunohistochemistry showed low 
expressions of ADAM17 and Ki-67 and western blot analysis 
proved that the expression of ADAM17 protein in the tissue 
was also reduced. The present study suggests that ADAM17-
siRNA inhibits MCF-7 breast cancer and is activated through 
the EGFR-PI3K-AKT signaling pathway.

Introduction

Breast cancer is one of the most common malignant tumors 
in women, and its incidence rate ranks first in gynecological 
tumors (1). For the past few years, the main focus for research 
on the treatment of cancer has gradually transferred from the 
use of cytotoxic drugs to targeted therapies, that is, targeting 
specific genes or proteins that play a key role in the growth and 
progression of cancer (2). In this area, compared with a wide 
range of studies on genes or proteins that are downstream of 
the epidermal growth factor receptor (EGFR), corresponding 
work focusing on upstream genes or proteins has rarely been 
carried out (3). A disintegrin and metalloproteinase (ADAM) 
family members are a series of Zn-dependent metalloprotein-
ases and they are, as ectodomain sheddases, best known for 
their domains that function as metalloproteases (4). ADAM 
exists in a variety of organisms and is mainly distributed 
in the cell membrane (5). Studies have indicated that it is 
closely related to tumor invasion and metastasis and plays a 
crucial role in the progression of breast cancer (4,5). Because 
the 17th member of the family is the major enzyme which 
takes charge of releasing soluble tumor necrosis factor-alpha 
(TNF-α) from the plasmalemma, it is also known as TNF-α 
converting enzyme (TACE/ADAM17) (6). Besides releasing 
TNF-α, ADAM17 is also conducive to the progression of the 
disease by means of processing a number of growth factors 
and growth factor receptors and takes part in the activation 
of EGFR and related receptors, which is causally related to 
the progression of different cancers of epidermal origin (6-8). 
ADAM17 plays the role of signal scissor in cancer micro-
environment (9). Recently, it has been proved as the major 
sheddase for a variety of EGFR pro-ligands such as heparin-
binding-EGF, transforming growth factor-alpha (TGF-α), 
amphiregulin (AREG), neuregulin (NRG), epiregulin (EREG) 
and betacellulin (BTC) as well as factors which are important 
in inflammation, particularly TNF-α and its receptor (2,10,11). 
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EGFR ligand-binding leads to receptor self-dimerization, 
autophosphorylation and followed activation of downstream 
MEK-ERK or PI3K-AKT pathways (12,13). In the field of 
breast cancer, there has been substantial research on the 
expression of ADAM17 based on cells, animal models and 
clinical samples. ADAM17 showed a lower expression in less 
aggressive rather than in highly aggressive breast cancers and 
patients with low ADAM17 expression had an obviously longer 
overall survival than those with high expression (14,15). Our 
previous studies found that there was a significant increase of 
ADAM17 expression in breast cancers compared to normal 
human breast tissues (16,17), which indicate that ADAM17 
may be a potential clinical therapeutic target for breast cancer, 
and that ADAM17-siRNA inhibited MCF-7 breast cancer cell 
proliferation and invasion in vitro (18,19). Our present study 
reports that ADAM17-siRNA inhibits MCF-7 breast cancer 
cell migration and proliferation in vitro and is activated 
through the EGFR-PI3K-AKT signaling pathway and that 
ADAM17-siRNA can inhibit MCF-7 breast cancer in vivo.

Materials and methods

Cell line and cell culture. The MCF-7 human breast cancer cell 
line was obtained from the Institute of Basic Medical Sciences, 
Chinese Academy of Medical Sciences (Beijing, China). The 
cells were cultured in Dulbecco's modified Eagle's medium 
(DMEM; Invitrogen, Carlsbad, CA, USA) supplemented with 
10% fetal bovine serum (FBS), 50 µg/ml streptomycin and 
50 units/ml penicillin, in a humidified atmosphere incubator 
of 5% CO2 at 37˚C. The selective EGFR blocker AG1478, PI3K 
phosphorylation inhibitor LY294002, and the MEK inhibitor 
PD0325901 were purchased from Sigma-Aldrich. Cells from 
AG1478, LY294002 and PD0325901 group were cultured with 
20 µM AG1478, LY294002 and PD0325901 for 48 h before 
migration and proliferation assay, real-time PCR and western 
blot analysis, respectively.

Transfection of MCF-7 cells with ADAM17-siRNA. ADAM17-
small interference RNA (ADAM17-siRNA): 5'-TGAGGCAG 
TCTCTCCTATTCCTGACCAGC-3' and nonsense siRNA: 
5'-TGACCACCCTGACCTACGGCGTGCAGTGC-3' were 
from Shanghai GenePharma, Co., Ltd. (Shanghai, China). 
MCF-7 cells of the ADAM17-siRNA groups and the nonsense 
siRNA groups were transfected with Lipofectamine 2000 
(Invitrogen) following the manufacturer's instruction. The 
same amount of PBS was added to the control group cells.

Quantitative real-time polymerase chain reaction (qRT-PCR). 
According to the manufacturer's instruction, cells were rinsed 
with PBS and RNA was extracted using TRIzol reagent 
(Invitrogen). Subsequently, RNA was converted to cDNA with 
SuperScript II reverse transcriptase (Invitrogen). Whereafter, 
qRT-PCR was performed. Primers designed by Primer 
Premier 5 software were as follows, ADAM17: 5'-ATCAAA 
CCTTTCCTGCG-3' (forward) and 5'-CAAACCCATCCTC 
GTCCA-3' (reverse); β-actin: 5'-CTGGAACGGTGAAGGT 
GACA-3' (forward) and 5'-AAGGGACTTCCTGTAACAATG 
CA-3' (reverse). β-actin was used as the internal control. PCR 
instrument on the following cycle: 94˚C for denaturing 3 min, 
94˚C 60 sec, 58˚C 60 sec, 72˚C 90 sec, a total of 35 circula-

tions, 72˚C for 10 min, computer analysis of gene amplification, 
export the corresponding threshold cycle number, and the 
expression of β-actin as an internal control to calculate the 
relative gene expression levels, detecting ADAM17 mRNA 
expression levels of MCF-7 breast cancer cells. Each sample 
was detected three times with qRT-PCR, and samples obtained 
from three independent experiments were used to analyze the 
expression of relative genes.

Migration assay in vitro. Migration of cells was performed 
utilizing 24-well Transwell chambers with 8.0 µm pore 
carrying polycarbonate membrane (BD Biosciences, San Jose, 
CA, USA) following the manufacturer's instruction. After tryp-
sinization, cells of the ADAM17-siRNA, the nonsense siRNA, 
the AG1478, the LY294002, the PD0325901 and the control 
groups were suspended in DMEM, respectively and the cell 
concentration of the six groups was adjusted to 5x105/ml. The 
concentration of AG1478, LY294002 and PD0325901 in the 
relevant group was 20 µM, respectively. Suspending cell liquid 
(100 µl) of each group was placed in the upper compartment of 
the plates. Afterward, the lower compartment was filled with 
complete medium and chemokine mixture of 500 µl. After 
24 h of incubation, the chamber polycarbonate membrane 
was cut, stained with eosin and mounted with neutral gum. 
The numbers of adherent cells in each of five random fields 
for a given well were counted under an optical microscope at 
200 times magnification and then numbers of every five fields 
were numerically averaged and counted. The number of cells 
through the Transwell chamber was an indicator to evaluate 
the tending movement ability.

Growth curve. MCF-7 cells of the ADAM17-siRNA, the 
nonsense siRNA, the AG1478, the LY294002, the PD0325901 
and the control groups were seeded at a concentration of 
1.5x104 cells/well in 24-well plates filled with the complete 
medium which refreshed every 24 h. Thereafter, every day, 
three wells of total adherent cells from each group were 
trypsinized and counted utilizing a hemocytometer under the 
microscope, and the cell numbers of every three wells were 
numerically averaged. The cell growth curve was drawn after 
7 days of a continuous count.

MTT assay for cell proliferation. The effects of different 
administrations on breast cancer cell proliferation was detected 
by MTT assay. In brief, MCF-7 cells during the logarithmic 
growth phase of the ADAM17-siRNA, the nonsense siRNA, 
the AG1478, the LY294002, the PD0325901 and the control 
group were trypsinized and seeded onto 96-well plates at the 
concentration of 1x104/well approximately, and maintained 
for 24, 48 and 72 h. When the culture finished, the medium 
was replaced by 200 µl fresh medium stained with 250 µg/ml 
sterile MTT (Chemicon, Billerica, MA, USA), and then the 
plates were incubated at 37˚C for further 2 h. Afterwards, the 
medium was taken out carefully and 200 µl DMSO was added, 
the reaction was sustained at 37˚C for 15 min. Absorbance was 
measured using a microplate reader (Bio-Tek ELx800; BioTek 
Instruments, Inc., Winooski, VT, USA) at a wavelength of 
570 nm and subtracted from that at 450 nm. Each experiment 
was conducted in triplicate and all detections were repeated in 
quadruplicate.
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Treatment of ADAM17-siRNA on MCF-7 breast cancer 
in vivo. Female Nu/Nu athymic mice with a body weight of 
15-25 g were obtained from Beijing hFK Bioscience (Beijing, 
China). Estrogen 0.2 ml (0.15 mg/ml) was administered to the 
nude mice by intraperitoneal injection every day until sacrifice. 
MCF-7 breast cancer cells (0.2 ml) (5x107/ml) were implanted 
subcutaneously in the right flank of the nude mice after 3 days 
of estrogen injection. Tumor diameter was measured with 
calipers and the tumor volume was calculated by the formula: 
(width)2 x length/2. After 2 weeks of implantation, 15 nude 
mice which had developed tumors with an average diameter of 
7 mm were then divided into three groups: ADAM17-siRNA 
group (inject ADAM17-siRNA 10 µg and in vivo JetPEI™ 
1.5 µl), vector group (inject equal volume of in vivo JetPEI™) 
and control group (injection equal volume of PBS). Each dose 
was injected at different locations around the tumor every 3 
days. Mice were sacrificed on the 16th day after treatment.

Immunohistochemistry of tumors. When mice were sacri-
ficed, the removed breast cancer transplanted tumors were 
fixed in 4% paraformaldehyde, paraffin-embedded, sectioned 
and processed for hematoxylin and eosin (h&E) staining 
and immunohistochemical staining to observe under a light 
microscope. ADAM17 and Ki-67 were examined. A primary 
rabbit monoclonal antibody anti-ADAM17 (1:100; Abcam, 
Cambridge, MA, USA) and a primary rabbit polyclonal 
antibody anti-Ki-67 (1:100; Cell Signaling Technology, 
Danvers, MA, USA) were used, respectively, followed by 
hRP-conjugated secondary goat antibodies (ZSGB-Bio Co., 
Ltd., Beijing, China).

Results were evaluated by three pathologists in a blinded 
manner. The percentage of positive cells and intensity of 
staining in each sample should be evaluated with no less 
than 1000 cells and 5 high power fields. The percentage of 
positive cells was scored as 0 (<10%), 1 (10-30%), 2 (31-70%) 
and 3 (71-100%), while the staining intensity was scored as 0 
(negative), 1 (weak), 2 (moderate) and 3 (strong). The whole 
results of immunohistochemical staining were calculated by 
the percentage score x intensity score.

Western blot analysis. Cells or tissues were washed in PBS 
and proteins were isolated in RIPA lysis buffer containing 2% 

protease inhibitor PMSF (Sigma-Aldrich). Same concentra-
tion of proteins from each group, as measured utilizing a BCA 
protein assay kit (Pierce, Rockford, IL, USA), were loaded 
onto a 10% SDS-PAGE gel after being denatured. After 
separation, the proteins were electro-transferred onto PVDF 
membranes (Invitrogen). Subsequently, the membranes were 
blocked with  5% non-fat milk powder in TBS-T (10 mM, 
Tris-hCl, ph 7.6 and 150 mM NaCl, 0.1% Tween-20) at 
room temperature for 1 h and then incubated respectively 
with primary antibodies: anti-ADAM17 (1:1,000; Abcam), 
anti-EGFR (1:1,000; Cell Signaling Technology), anti-
phosphorylated EGFR (1:1,000; Cell Signaling Technology), 
anti-AKT (1:1,000; Santa Cruz Biotechnology, Santa Cruz, 
CA, USA) and anti-phosphorylated AKT (1:1,000; Santa 
Cruz Biotechnology) at 4˚C overnight. Following washing in 
TBS-T, the membranes were probed with hRP-conjugated 
secondary antibodies (ZSGB-BIO) for 1 h at room tempera-
ture and immunoblots were visualized using an enhanced 
chemiluminescence detection kit (Amersham, Little 
Chalfont, UK). The experiments were conducted in triplicate.

Statistical analysis. Results are the mean ± SD. Statistical 
significance was considered at P<0.05. Comparisons among 
three or more groups was made by one-way ANOVA using the 
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

EGFR-PI3K-AKT signaling pathway is involved in ADAM17 
promoting MCF-7 cell migration and proliferation. To detect 
the mechanism by which ADAM17 promotes migration and 
proliferation ability of MCF-7, we evaluated the activation of 
EGFR. MCF-7 had high expression of phosphorylated EGFR 
(p-EGFR) while nonsense siRNA and LY294002 had no 
effect on it. Administration of ADAM17-siRNA and AG1487 
significantly reduced p-EGFR compared with control (P<0.05;  
Fig. 1A). The data suggested that ADAM17 promotes migra-
tion and proliferation ability of MCF-7 cells by activating 
EGFR.

Figure 1. Representative western blot images and corresponding data illustrating p-EGFR (A) and p-AKT (B) expressions in MCF-7 cells with ADAM17-
siRNA, AG1478 and LY294002 administration. *P<0.05 vs. control.
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To detect whether PI3K and AKT were downstream of 
EGFR and mediated the promotive effect of ADAM17 on 
migration and proliferation of MCF-7, we also measured the 
activation of AKT. The data showed that MCF-7 cells had a 
high level of phosphorylated AKT (p-AKT) while additional 
administration of ADAM17-siRNA, AG1487 and LY294002 
significantly suppressed p-AKT of MCF-7 cells compared 
with control (P<0.05; Fig. 1B). The data suggested that PI3K 
and AKT were activated in MCF-7 cells following the induc-
tion of EGFR, which promoted the migration and proliferation 
ability of MCF-7.

The tumor growth is inhibited by ADAM17-siRNA. As shown 
in Fig. 2, the volume of transplanted tumors in the control 
group (Fig. 2A) and the vector group (Fig. 2B) was significantly 
increased (a and b in Fig. 2D); while in the ADAM17-siRNA 
group (Fig. 2C), tumor volume was not significantly increased 
(c in Fig. 2D). The tumor growth curve (Fig. 2E) was drawn 
according to the average volume of transplanted tumors in 
nude mice of different groups.

Migration of MCF-7 breast cancer cells. Migration ability of 
MCF-7 cells was detected by the Boyden chamber method. 

Figure 2. Tumor-bearing nude mice after sacrifice and transplanted tumor in different groups and growth curve of MCF-7 breast cancer after administration.

Figure 3. Migration ability of MCF-7 cells in different groups (magnification, x200) (A) Control group; (B) nonsense-siRNA group; (C) ADAM17-siRNA 
group; (D) AG1478 group; (E) LY294002 group; (F) PD0325901 group.



INTERNATIONAL JOURNAL OF ONCOLOGY  49:  682-690,  2016686

The number of migrated cells per field was 127.88±9.91, 
114.96±8.08, 61.63±5.91, 54.24±6.72, 48.79±7.28 and 
109.82±10.42 in the control, nonsense siRNA, ADAM17-
siRNA, AG1478, LY294002 and PD0325901 groups, 
respectively (Fig. 3). Compared with the control, there was no 
significant difference in the nonsense and PD0325901 groups, 
respectively. however, the number in the ADAM17-siRNA, 
AG1478 and LY294002 groups was significantly reduced 
(P<0.05). The results indicated that ADAM17 enhances MCF-7 
cell migration and EGFR-PI3K-AKT signaling pathway is also 
involved in the migration process of MCF-7, but not EGFR-
MEK-ERK signaling pathway.

Growth curve. Compared with the control, there was no 
significant difference in the nonsense and PD0325901 groups, 
respectively. however, the number of the ADAM17-siRNA, 
AG1478 and LY294002 groups was significantly reduced 
(P<0.05; Fig. 4).

MTT assay for cell proliferation. With the extension of 
culture time, the proliferation ability of cells in the control 
group gradually enhanced. Compared with the control, there 
was no significant difference in the nonsense and PD0325901 
groups, respectively. however, the numbers in the ADAM17-
siRNA, AG1478 and LY294002 groups were significantly 

reduced (P<0.05; Fig. 5). The results indicated that ADAM17 
promotes the proliferation of MCF-7 breast cancer cells and 
EGFR-PI3K-AKT signaling pathway is also involved in the 
proliferation of MCF-7, but not EGFR-MEK-ERK signaling 
pathway.

ADAM17 expression in MCF-7 cells and changes induced 
by ADAM17-siRNA, AG1478 and LY294002 adminstration. 
Since ADAM17 was involved in the migration and prolifera-
tion process of MCF-7, we detected the levels of ADAM17 
mRNA and protein and observed whether ADAM17 
expression was affected by ADAM17-siRNA, AG1478 
and LY294002 administration. As MEK had no effect on 
migration and proliferation of MCF-7, it was omitted in the 
following study. qRT-PCR analysis was used to measure 
mRNA levels. The Ct values of ADAM17 mRNA expression 
were corrected by β-actin and the ratio of the control group 
was considered as 100%. Our results showed that MCF-7 
cells (control) expressed ADAM17 mRNA at a high level. 
Compared with the control, nonsense sequence siRNA, 
AG1478 and LY294002 did not change ADAM17 mRNA 
expression, but ADAM17-siRNA significantly inhibited it 
(P<0.05; Fig. 6A). The changes of ADAM17 protein expres-
sion were detected by western blot analysis. As shown in 
Fig. 6B, ADAM17 protein was highly expressed in MCF-7 
cells. Similar to the changes of mRNA expression, ADAM17-
siRNA significantly decreased the level of ADAM17 protein 
compared with control group (P<0.05) although there was 
no difference in the nonsense sequence siRNA, AG1478 and 
LY294002 groups. The data suggest that ADAM17-siRNA 
successfully inhibits ADAM17 expression in both mRNA 
and protein levels, while inhibition of EGFR and PI3K has 
no such effect.

Pathological observation of breast cancer tissues after H&E 
staining. h&E staining showed that the transplanted tumor was 
characterized by typical human breast invasive ductal carci-
noma. Compared with the control group and the vector group, 
the tumor tissues in the ADAM17-siRNA group developed 
large areas of necrosis, where the cells were destroyed and the 

Figure 4. Growth curves of MCF-7 cells after administration.

Figure 5. MCF-7 cell inhibition ratio after administration by MTT assay.
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cell structures disappeared; there was no significant difference 
between the vector group and the control group (Fig. 7).

Expression of ADAM17 and Ki-67 in immunohistochemistry 
of tumors. ADAM17 was mainly expressed in cytoplasm, 

Figure 6. ADAM17 mRNA (A) and representative western blot images and corresponding data illustrating ADAM17 protein expression (B) in MCF-7 cells 
with ADAM17-siRNA, AG1478 and LY294002 administration. *P<0.05 vs. control.

Figure 7. Representative H&E staining images of the control group (A), the vector group (B), and the ADAM17-siRNA group (C) (magnification, x200).

Figure 8. Representative immunohistochemical images of ADAM17 (A) and Ki-67 (B) in different groups (magnification, x400).
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as positive brown staining. The transplanted tumor staining 
index score in the control group was 5.57±1.8, and in vector 
group was 5.29±1.89, thus, there was no significant difference 
between the two groups; while the staining index of the trans-
planted tumor in the ADAM17-siRNA group was 1.71±1.80, 
compared with the control group and the vector group, the 
difference had statistical significance (P=0.001; Fig. 8A). The 
data showed that ADAM17-siRNA inhibits the expression of 
ADAM17 in the transplanted tumor.

Ki-67 was mainly expressed in the nucleus, as positive 
brown staining. The transplanted tumor staining index score 
in the control group was 7.00±1.64, and in vector group was 
6.57±1.60, thus, there was no significant difference between 
the two groups; while the staining index of the transplanted 
tumor in the ADAM17-siRNA group was 2.29±1.03, compared 
with the control group and the vector group, the difference had 
statistical significance (P<0.001; Fig. 8B). The data showed 
that ADAM17-siRNA inhibits the expression of Ki-67 in the 
transplanted tumor.

ADAM17 protein expression in tumor tissues is reduced by 
ADAM17-siRNA. The value of ADAM17/β-actin in the control 
group was 0.74±0.10, and in the vector group was 0.77±0.05, 
thus the difference between the two was not statistically 
significant; while the value of ADAM17/β-actin in ADAM17-
siRNA group was 0.46±0.07, compared with the control and 
the vector groups, the difference had statistical significance 
(P<0.001; Fig. 9). This data proved that ADAM17-siRNA 
successfully inhibits the expression of ADAM17 protein in the 
transplanted tumor.

Discussion

ADAM17 is one of the most important members of the ADAM 
family. Besides releasing TNF-α, ADAM17 is also conducive 
to the progression of disease by means of processing a number 
of growth factors and growth factor receptors (6). ADAM17, 

also known as tumor necrosis factor-α-converting enzyme, 
participates in the activation of EGFR and related receptors, 
which is causally related to the progression of different cancers 
of epidermal origin (6-8).

EGFR generally has a wide range of expression in most 
cell types but in hematopoietic cells, moreover, its activation 
plays an important role in normal cell physiology processes 
(20,21). Nonetheless, unduly increased EGFR signaling is 
always bound up with the growth of various malignant tumors 
including breast cancer (20,22-24). EGFR ligand-binding 
leads to receptor self-dimerization, autophosphorylation and 
followed activation of downstream MEK-ERK or PI3K-AKT 
signal pathways, which could contribute to the progression 
of a tumor (12,13). There is plenty of research on targeting 
EGFR in the treatment of breast cancer (25-27). AG1478, as 
a specific inhibitor of EGFR tyrosine kinase, has been widely 
used in laboratory studies to demonstrate its antitumor func-
tion (28). Both in vitro cell models and in vivo mouse models 
have AG1478 prominent anti-proliferative efficacities and in 
some tumor cells, moreover, can heighten antitumor effects 
of the monoclonal antibody 806 (an anti-EGFR antibody) and 
cytotoxic drugs (29,30). Our western blot results showed that 
ADAM17-siRNA and AG1478 could significantly decrease 
expression of p-EGFR.

PI3K, a heterodimer made up of a p110 catalytic subunit 
and a p85 regulatory subunit, has been confirmed to phos-
phorylate the serine/threonine kinase (AKT) (31). As a 
downstream effector of PI3K, AKT is closely related to cell 
survival and anti-apoptotic signaling (32,33). A recent study 
proved that cell signaling is mediated by PI3K-AKT through 
induction of ADAM17, which is involved in proliferation and 
migration of cancer cells (14). LY294002, which specifically 
inhibits the PI3K-AKT signal pathway, may compete with 
ATP for binding sites on PI3K, thereby suppressing AKT acti-
vation and blocking signal transduction (34). Our western blot 
results showed that ADAM17-siRNA, AG1478 and LY294002 
significantly decreased expression of p-AKT.

Tumor cell proliferation and migration are crucial 
factors for the growth of malignant tumors, which are 
complex processes being regulated and controlled by many 
genes (35). Our previous results showed ADAM17-siRNA 
inhibited MCF-7 breast cancer cell proliferation and inva-
sion in vitro (18,19). In this project, we continued to employ 
MCF-7 human breast cancer cell line in investigating the 
effect of ADAM17 on proliferation and migration of breast 
cancer in vitro. Our data demonstrated that reduction of 
ADAM17 by siRNA significantly decreased cancer cell 
proliferation and migration. EGF has been demonstrated to 
excite the migration and proliferation of both normal and 
cancer cells, including normal breast epithelial cells and 
breast cancer cells (36,37). EGFR is activated by binding 
ligands, such as EGF, TNF-α, to stimulate proliferation, 
migration and metastasis and ADAM17 has been shown to 
hydrolyze these ligands (6-8). Thus, we further explored the 
contribution of EGFR-PI3K-AKT signal pathway or EGFR-
Ras-Raf-MEK-ERK signal pathway to the ADAM17 induced 
migration and proliferation of breast cancer cells. Boyden 
chamber assay showed that AG1478, and LY294002 effec-
tively blocked migration of MCF-7 cells, but PD0325901 
could not affect migration of MCF-7 cells. Similarly, MTT 

Figure 9. Representative western blot images (A) and corresponding data 
illustrating ADAM17 protein expression (B) in tumor tissues with ADAM17-
siRNA administration. *P<0.05 vs. control.
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assay showed that AG1478, and LY294002 also effectively 
reduced proliferation of MCF-7 cells, but PD0325901 
could not affect proliferation of MCF-7 cells. These results 
indicated that ADAM17-siRNA inhibiting MCF-7 breast 
cancer cell migration and proliferation may be through 
EGFR-PI3K-AKT signal pathway, but not EGFR-Ras-Raf-
MEK-ERK signal pathway.

We further confirmed the effect of EGFR-PI3K-AKT signal 
pathway on the ADAM17 induced migration and prolifera-
tion of breast cancer cells. As a competitive inhibitor of ATP 
binding site in the kinase domain, the quinazoline derivative 
AG1478 is a highly effective and specific reversible tyrosine 
kinase inhibitor of the EGFR (29,30). We found that the activa-
tion of EGFR and its downstream AKT signal pathway could 
be efficiently inhibited by AG1478. Specific suppression of 
EGFR-PI3K-AKT signal pathway by inhibitor LY294002 also 
weakened the migration and proliferation ability of MCF-7 
cells. The results suggested that ADAM17 contributed to 
cancer development via activation of EGFR-PI3K-AKT signal 
pathway. Kenny and Bissel (38) also reported similar findings. 
ADAM17 has been shown to play a critical role in the progres-
sion of EGFR dependent malignant tumors. Besides, our 
previous study proved ADAM17-siRNA inhibited prolifera-
tion and invasion of MCF-7 breast cancer cells in vitro (18,19). 
These data imply that ADAM17-siRNA inhibits metastasis of 
breast cancer cells towards other organs.

Subsequently, we tested the antitumor effect of 
ADAM17-siRNA in vivo. We established transplanted tumor 
models of MCF-7 breast cancer cells in nude mice and used 
a multi-point injection of JetPEI™-ADAM17-siRNA in the 
tumor for treatment. The results showed that ADAM17-
siRNA can inhibit tumor growth and cause tissue necrosis 
of a tumor. Immunohistochemistry showed that the expres-
sion of ADAM17 and Ki-67 in tumor tissues was decreased. 
Ki-67, a kind of alkaline protein with protease properties, as 
a common malignant tumor biological indicator, can be used 
to determine the cell proliferation activity of tumor cells, to 
judge the malignant degree of the tumor and to evaluate the 
prognosis of patients (39). Ki-67 is expressed in many kinds 
of tumors, especially in breast cancer tissues, and its expres-
sion level in breast cancer tissues was much higher than 
that in normal breast tissues (40). Our western blot results 
showed that ADAM17 protein expression in tumor tissues 
was reduced by ADAM17-siRNA. These results indicated 
that ADAM17-siRNA can significantly inhibit breast cancer 
in vivo. The way of multi-point injection in tumor is feasible 
in the experimental animals, but not suitable for clinical 
application, therefore, in a future study, we will employ bone 
marrow mesenchymal stem cells (BMSCs) as the carrier, to 
observe whether it can transport the ADAM17-siRNA to 
the tumor and the effect of this method on the biological 
behavior of breast cancer and provide a new treatment 
method for targeted therapy. The treatment of breast cancer 
targeting ADAM17 is worthy of further study.
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