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ADAM17 promotes the invasion 
of hepatocellular carcinoma via upregulation 
MMP21
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Abstract 

Background:  The upregulation of ADAM17 has been reported to be associated with invasion and metastasis in 
various tumors, however the molecular mechanism of ADAM17 in the progression of hepatocellular carcinoma (HCC) 
remain to be clarified. Human matrix metalloproteinase 21 (MMP21), the newest member of the MMP gene family, 
has been suggested to play an important role in embryogenesis and tumor progression. So far, nothing is known 
about the relationship between ADAM17 and MMP21.

Methods:  In this study, the expression level of ADAM17 and MMP21 in HCC tissues was measured by immunohisto-
chemistry. The Scratch wounding assay and Transwell were used to identify the invasion and metastasis ability. ELISA 
was used to evaluate the production of MMP21. Coimmunoprecipitation experiments demonstrated a direct asso-
ciation between ADAM17 and MMP21. HPLC was used to confirmed that ADAM17 participated in the maturation of 
MMP21.

Results:  Our present data indicated that ADAM17 and MMP21 was significantly upregulated in human HCC tissues. 
Knockdown of ADAM17 in HCC inhibited cell invasion and metastasis. Moreover, ADAM17 regulates the secretion and 
expression of MMP21. Furthermore we discovered a direct association between ADAM17 and MMP21, and we also 
found MMP21 prodomain could be cleaved by ADAM17.

Conclusion:  Our data suggest that ADAM17 plays an important role in the development of HCC invasion and metas-
tasis and this function may be implement by MMP21.
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Background
Hepatocellular carcinoma (HCC) is a highly aggressive 
and heterogeneous disease. The latest national cancer 
statistics released by the National Cancer (China) showed 
that the morbidity of hepatocellular carcinoma is 36.5 per 

104 people and that it ranks fourth in malignant tumors 
[1, 2]. Therefore, we explored the mechanisms underly-
ing the carcinogenesis and progression of HCC to benefit 
therapy.

ADAM17 was initially identified as an important mem-
ber of the ADAM family by Black RA’s team in 1997. 
Because the enzyme is responsible for releasing soluble 
tumor necrosis factor-alpha (TNFα) from the plasma-
lemma, it is also known as TNFα converting enzyme 
(TACE/ADAM17) [3]. It has been reported that the 
dysregulation of ADAM17 contributes to the pathology 
of various cancers. For instance, ADAM17 protein was 
highly expressed in esophageal squamous cell carcinoma 
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(ESCC) and promoted the development, invasion and 
metastasis of ESCC [4–7]. Similarly, ADAM17 silenc-
ing suppressed the invasion and proliferation of MCF7 
cells in  vitro [8]. Furthermore, Wang H P’s study sug-
gested that Nox1 promoted colorectal cancer metasta-
sis by stabilizing ADAM17 [9]. Although several studies 
have shown that ADAM17 promotes the occurrence and 
development of hepatocellular carcinoma [10, 11], the 
potential regulatory mechanism has not been fully 
elucidated.

MMP21 is the last uncharacterized MMP which is dif-
ferent from other MMPs and is rarely produced in nor-
mal tissues without inflammatory or oncogenic stimuli, 
which may implicate a role for MMP21 in normal tissue 
homeostasis [10]. The prodomain of MMP21 contains a 
peptide sequence similar to that of TNFα. It has also been 
reported that MMP21 is expressed in cancer cells located 
in the invasive front of tumors rather than dysplastic cells 
and enhances tumor metastasis in some solid tumors 
[12–15]. Positive correlations between MMP21 and 
tumor diameter, depth of invasion, vessel invasion,lymph 
node distant metastases,and tumor-node-metastasis 
stage were observed in gastric cancer. The overall survival 
rate was significantly lower in MMP21- and MMP28- 
positive patients [15]. However, the expression pattern of 
MMP21 in HCC and whether MMP21 could be activated 
by other proteinases remain unknown. Notably, in this 
study, we investigated whether ADAM17 may regulate 
the maturation of MMP21 and influence the progression 
of HCC.

Methods
Patients and specimens
All experimental procedures involving the use of human 
tissue included the relevant receipt of written informed 
consent and were approved by the institutional review 
board at The Xiangya Hospital of Centre South Univer-
sity. For formalin-fixed paraffin-embedded HCC sam-
ples, human specimens were collected from the XiangYa 
Hospital tissue biobank, and the protocol for staining was 
approved by the local ethics committee of The Xiangya 
Hospital.

Immunohistochemistry and evaluation of immunostaining 
intensity
The tumor tissue was subjected to immunohisto-
chemistry and stained with primary antibodies against 
ADAM17 (Abcam, ab2051, 1:100) and MMP21 (Abcam, 
MAB2079Z, 1:200) followed by light microscopy exam-
ination. The immunostaining intensity for the two 
proteins was reviewed and independently scored by 
pathologists who were blinded to the clinical data and 
scored independently according to the staining intensity 

and the proportion of stained tumor cells. According to 
the staining intensity, samples were scored as follows: 
no staining = 0; light yellow (weak staining) = 1; yellow 
brown (moderate staining) = 2; and brown (strong stain-
ing) = 3. The scores were expressed in terms of the pro-
portion of cell staining as follows: scores of 0, 1, 2, and 
3 indicated 0, ≤ 30%, 30%–70% and ≥ 70% positive cells, 
respectively. Thus, the two combined scores (from the 
two independent pathologists) were taken as the final 
score, where 0 indicated negative (−); 1–2, weak positive 
(+); 3–4, strong positive (++); and 5–6, very strong posi-
tive (+++). In the statistical analyses, (++) and (+++) 
were classified as the positive group, while (−) and (+) 
were classified as the negative group.

Cell culture
Human HCC MHCC97H and Huh7 cells were cultured 
in DMEM supplemented with 10% fetal calf serum 
and 1% penicillin/streptomycin at 37  °C in a humidi-
fied atmosphere of 5% CO2. Human HCC SMMC7721 
cells were maintained in RPMI-1640 medium supple-
mented with 10% fetal bovine serum and 1% penicillin/
streptomycin.

Tranfection assay
Specific small interfering RNA (siRNA) against ADAM17 
(si-ADAM17) and MMP21 (siMMP21) and siRNA 
scrambled control (si-NC), were purchased from RIB-
BIO (Shanghai, China). Huh7 and SMMC7721 cells 
were transfected with plasmids or oligonucleotides using 
DharmaFECT Reagent (Invitrogen, Carlsbad, CA, USA). 
The sequences for siADAM17, siMMP21,siNC were as 
follows: siADAM17: 5′-GCT​TGT​TCA​TCG​AGT​GAA​
A-3′, 5′-GGA​TGG​TCT​AGC​AGA​ATG​T-3′; siMMP21: 
5′-GAT​CCA​TAA​TGC​AAC​CAA​A-3′，5′-ACT​GGA​
AGG​TAG​TTA​ATG​A-3′; siNC：TTC​TCC​GAA​CGT​
GTC​ACG​TTT.

Cell invasion assay
For the transwell invasion assay, 24-well transwell units 
with an 8-μm pore size polycarbonate filter (Millipore) 
were used according to the manufacturer’s instructions. 
Briefly, filters were coated with Matrigel to form a con-
tinuous thin layer. Then, cells were seeded in DMEM in 
the upper chamber. The lower chamber was filled with 
DMEM with 10% FBS. Following 24  h of incubation at 
37  °C, cells remaining in the upper compartment were 
removed using cotton swabs. The cells that invaded 
through the filter into the lower compartment were fixed 
with 4% paraformaldehyde and stained with crystal vio-
let (0.5% in 20% methanol). To quantify invasive cells, 
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three independent fields of invasive cells per well were 
photographed.

Scratch wounding assay
Transfected cells were plated in six-well plates and incu-
bated at 37  °C until a confluent monolayer was formed 

(> 90%). With a 100-µl sterile pipette tip, a scratch was 
created. The cells were washed three times with PBS (pH 
7.2) to remove cell fragments, and low serum DMEM 
was added. Micrographs were taken immediately after 
wounding and after 24 h, 48 h, 72 h, and 110 h. The clo-
sure percentage was calculated using the following equa-
tion: closure percentage = [1–(Tx/T0)] × 100%, where T0 

Fig. 1  Levels of ADAM17 and MMP21 in patients with HCC. a High expression of ADAM17 in tumor tissue of patients with HCC compared with 
normal tissue in TCGA samples. b The high expression of MMP21 in tumor tissue of patients with HCC compared with normal tissue in TCGA 
samples. c Representative micrographs of immunohistochemical staining of ADAM17 and MMP21 in HCC tissues and adjacent liver tissue are 
shown. d Expression levels of ADAM17 and MMP21 in HCC tissues (n = 65) and adjacent liver tissue (n = 65) (t-test). (***P < 0.001, **P < 0.01, 
*P < 0.05)
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is the wounded area at 0 h and Tx is the wounded area 
after x h.

Western blot
Cells were then harvested in lysis buffer. A BCA protein 
assay kit was used to determine the concentration of pro-
tein. Samples were separated on a 10% SDS–PAGE gel, 
followed by transfer to polyvinylidene difluoride (PVDF) 
membranes in an electrophoretic manner. The primary 
antibodies were used at a 1:1000 dilution, the loading 
control anti-tubulin was used at a 1:5000 dilution, and 
the secondary antibody was used at a 1:1000 dilution. The 
targeted proteins in the membrane were detected with an 
electrochemiluminescence detection system followed by 
exposure to X-ray film.

Elisa
To evaluate the production of MMP21 substrates, the 
transfected cells were prepared. ELISA kits (CUSA-
BIO，Catalog Number. CSB-EL014668HU) were used to 
analyze the collected medium specimens for the proteins 
of interest. Supernatants were collected in triplicate for 
each cell line.

Immunoprecipitation
Cells underwent cytolysis in 1 ml of RIPA buffer, followed 
by a 10-min incubation on ice. Total cell lysates were cen-
trifuged for 10 min at 20,000g at 4 °C. Ten microliters of 
primary antibody was used to incubate the supernatants 
for 60 min. Then, 20 µl of protein A/G PLUS-agarose was 
added to the lysate and incubated at 4 °C overnight. The 
beads were washed with ice-cold RIPA buffer four times. 
The samples were then suspended and denatured in SDS 
sample buffer (which contained 100  mM dithiothreitol, 
10% glycerol, 50  mM Tris, pH 6.8, 2% SDS, and 0.01% 
bromophenol blue).

HPLC method
Recombinant human TACE/ADAM17 (rhTACE) (Cata-
log # 930-ADB) was purchased from R&D Systems. The 
amino acid polypeptide sequence (ALAQAVRRFQ) was 
ordered from Sangon Biotech. The assay buffer used in 
this study was 25 mM Tris, 2.5 µM ZnCl2, 0.005% Brij-
35 (w/v), pH 9.0. First, rhTACE was diluted to 0.2  ng/
µl in assay buffer. Second, the substrate was diluted to 
20 µM in assay buffer. Third, 50 µl of 0.2 ng/µL rhTACE 
was added, and the reaction was initiated by adding 50 µl 

of 20 µM substrate. A substrate blank was included that 
contained 50 μl of assay buffer and 50 µl of substrate. The 
HPLC reaction conditions in our study were as follows: 
column: 250*4.6  mm, Sinchrom ODS-BP-5; solvent A: 
0.1% TFA in 100% water; solvent B: 0.1% TFA in 100% 
acetonitrile; flow rate: 1.0 ml/min; wavelength (nm): 220; 
and volume: 10 µl.

Statistical analysis
SPSS 21.0 software was used for statistical analysis. Chi-
square test or Fisher Exact test are used to compare the 
expressions of ADAM17 and MMP21 in cancer tissues 
and adjacent tissues. The relationship between the two 
indexes and the clinical data of hepatocellular carcinoma 
patients was analyzed by chi-square test. Spearman rank 
correlation analysis was used to analyze the expression 
correlation between ADAM17 and MMP21. P < 0.05 was 
considered statistically significant. Each experiment was 
repeated three times.

Results
ADAM17 and MMP21 are significantly upregulated 
in human HCC tissues, and there is a positive correlation 
between the two genes
To examined the expression of ADAM17 and MMP21 
in patients with HCC. First, we analyzed the UAL-
CAN database and found that the expression level of 
ADAM17 in primary tumors was higher than that in 
normal tissues (Fig.  1a). Subsequently, we analyzed 
the expression of MMP21, and the result was consist-
ent with ADAM17 (Fig.  1b). To further confirm this 
discovery, we performed immunohistochemistry to 
investigate the expression of ADAM17 and MMP21 in 
human HCC tissues and adjacent tissues (Fig.  1c). As 
shown in Fig.  1c, d, the expression levels of ADAM17 
and MMP21 were both higher in HCC tissues than in 
adjacent liver tissues (P < 0.001) (Table 1). Our statisti-
cal analysis showed that there was a positive correla-
tion between ADAM17 and MMP21 in HCC (Table 2). 
Furthermore, we evaluated the correlation of ADAM17 
and MMP21 with the patients’ clinicopathological 
parameters and found that the expression of MMP21 
was related to the patient’s microvascular invasion, 
and the results were statistically significant (Table  3). 
Although there was no significant correlation between 
ADAM17 and other clinicopathological parameters in 
HCC, the expression of ADAM17 may be correlated 
with microvascular invasion, as the P value is 0.063. 
In conclusion, our results suggest that ADAM17 and 
MMP21 may play an important role in the development 
of HCC.
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ADAM17 promotes the viability and migration 
of hepatocellular carcinoma
To assess the role of ADAM17 in the invasion and 
migration of hepatocellular carcinoma. We silenced 
ADAM17 in HCC cells (MHCC97H, SMMC7721) 
using small interfering RNAs (siRNAs). We found that 
silencing ADAM17 obviously changed the cell mor-
phology (Additional file  1: Figure S1). To determine 
whether ADAM17 is associated with cell motility and 
metastasis, we performed invasion and wound heal-
ing assays. The number of migrated MHCC97H and 
SMMC7721 cells was significantly decreased following 
ADAM17 silencing (P < 0.05; Fig.  2d, e). Furthermore, 
in the wound healing assay (P < 0.05; Fig. 2a, b, c), we 
confirmed that the ranges of closure percentage were 
reduced by ADAM17 downregulation in MHCC97H 
and SMMC7721 cells. In addition we overexpression 
ADAM17 in Huh7 and SMMC7721, the invasion abil-
ity was obviously up-regulated (P < 0.05; Fig. 2f ). Our 
results confirm that ADAM17 plays a pivotal role in 
hepatocellular carcinoma invasion and migration.

The expression of MMP21 in HCC is associated 
with ADAM17
Studies have shown that MHCC97H has the highest 
metastatic potential compared to other hepatocellular 
carcinoma cells. We examined MMP21 expression in 
three kinds of hepatocellular carcinoma cells by western 
blot (Fig. 3a, b). Our data indicate that the expression of 
MMP21 is significantly higher in MHCC97H cells than in 

Huh7 and SMMC7721 cells, which have lower metastatic 
potential, suggesting that MMP21 may be associated 
with tumor cell metastasis. Immunohistochemistry anal-
ysis showed a positive correlation between ADAM17 and 
MMP21 in patients with liver cancer (Table 2). To deter-
mine whether ADAM17 has an effect on MMP21 expres-
sion and activity, we first used siRNA to knockdown 
ADAM17 in Huh7 and SMMC7721 cells. As shown in 
Fig.  3c, d, we observed that the expression of MMP21 
was significantly downregulated in the siRNA group 
(Huh7 and SMMC7721) in comparison with expres-
sion in the control. In addition, we also overexpressed 
ADAM17 in Huh7 and SMMC7721 cells, and the expres-
sion of MMP21 was markedly increased in the ADAM17 
overexpression group compared with that in the control 
(Fig.  3e, f ). This demonstrated that ADAM17 can regu-
late the expression of MMP21.

ADAM17 influence HCC invasion and migration 
through MMP21
To further clarify that ADAM17 affects the invasion and 
migration of HCC through MMP21. We knockdown 
MMP21 with siRNA-MMP21, and found that the inva-
sion ability of HCC was obvious down-regulated (Fig. 4a). 
Furthermore, in the wound healing assay the closure 
percentage was reduced when MMP21 was knockdown 
(Fig. 4b). The data was statistically significant (Fig. 4c). In 
addition, we overexpressed ADAM17 while knockdown 
MMP21 and found that the invasion ability was up-regu-
lated when ADAM17 was overexpressed, while when we 

Table 1  Expression of ADAM17 and MMP21 in hepatocellular carcinoma and paracancerous tissues(Chi-square test)

Tissues ADAM17 expression High expression rate (%) P

Low expression High expression

A

 Paracancerous tissues 28 37 56.92 <0.001

 HCC tissues 5 60 92.31

Tissues MMP21 expression High expression rate (%) P

Low expression High expression

B

 Paracancerous tissues 34 31 47.69 <0.001

 HCC tissues 7 58 89.23

Table 2  The correlation of ADAM17 and MMP21 expression in hepatocellular carcinoma (Spearman test)

MMP21 expression ADAM17 expression

(−) (+) (++) (+++) P r

High expression 2 3 35 25 0.039 0.2201

Low expression 1 6 8 50
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Table 3  Relationship between  the  level of  ADAM17 and  active MMP21 and  variable Clinicpathological features (Chi-
square test)

Tissues n ADAM17 expression High expression rate (%) P

Low expression High expression

Gender

 Male 54 4 50 92.59 0.849

 Female 11 1 10 90.90

Age (year)

 > 50 30 1 29 96.67 0.222

 ≤ 50 35 4 31 88.57

Tumor number

 Single 52 5 47 90.38 0.574

 Multiple 13 0 13 100

Tumor size (cm)

 ≤ 3 12 0 12 100 0.575

 > 3 53 5 48 90.57

Histology

 Well 4 1 3 75 0.346

 Moderately 43 2 41 95.35

 Moderately-Poor 13 1 12 92.31

 Poor 5 1 4 80

Microvascular invasion

 Yes 38 1 37 97.37 0.069

 No 27 4 23 85.19

Tissues n MMP21 expression High expression rate (%) P

Low expression High expression

Gender

 Male 54 5 49 90.74 0.384

 Female 1 2 9 81.82

Age(year)

  > 50 30 3 27 90 0.853

  ≤ 50 35 4 31 88.57

Tumor number

 Single 52 5 47 90.38 0.548

 Multiple 13 2 11 84.62

Tumor size (cm)

 ≤ 3 12 2 10 83.33 0.604

 > 3 53 5 48 90.57

Histology

 Well 4 1 3 75 0.171

 Moderately 43 2 41 95.35

 Moderately- Poor 13 3 10 76.92

 Poor 5 1 4 80

Microvascular invasion

 Yes 41 1 40 97.56 0.005

 No 24 6 18 75
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knockdown MMP21, the up-regulation was disappears 
(Fig. 4d, f, g). Figure 4e, f, g displays the overexpression 
and knockdown effects.

ADAM17 expression influences mMMP21 secretion
Next, we investigated MMP21 secretion by ELISA. In 
Huh7 cells, supernatant from ADAM17 overexpression 
(pcDNA3.1(+)-ADAM17) or control (pcDNA3.1(+) 
conditions was harvested for measurements of MMP21 
secretion over a period of 48 and 72 h after transfection 
without changing the media. We found that MMP21 
secretion increased in pcDNA3.1(+)-ADAM17 trans-
fectants at both time points (48 h and 72 h) (Fig. 5a), and 
the secretion ratio increased significantly compared with 
the control at 48 h, but there was no difference at 72 h. 
Furthermore, MMP21 secretion with siRNA-ADAM17 
or control transfection in Huh7 cells was detected. 
The secretion difference between the two groups was 
remarkable at 48  h and 72  h (Fig.  5b). To further ver-
ify the results, we also tested MMP21 secretion levels 
in MHCC97H cells. The overexpression of ADAM17 
enhanced the MMP21 secretion level at both 48  h and 

72  h (P < 0.05, Fig.  5c). However, there was no signifi-
cant difference in MMP21 secretion in MHCC97H cells 
when ADAM17 was knocked down (Fig. 5d). These data 
confirmed that ADAM17 influences mMMP21 secre-
tion, but not just ADAM17 can influence the secretion of 
mMMP21.

ADAM17 and MMP21 interact with each other in Huh7 
cells, and the prodomain of MMP21 may be cleaved 
by ADAM17
The IP approach was applied to further prove the cor-
relation between MMP21 and ADAM17. As shown in 
Fig.  6a, ADAM17 and MMP21 exhibited cross-linking 
in Huh7 cells. TNFα, a novel substrate for ADAM17 can 
be cleaved at a special site, Pro-Leu-Ala-Gln-Ala-|-Val-
Arg-Ser- Ser-Se. Interestingly, the predomain of MMP21 
contains a similar amino acid sequence, Leu-Ala-Gln-
Ala-Val-Arg. Thus, we prepared a peptide (ALAEAVR-
RFQ) representing the sequence of pro-MMP21 and 
recombinant adam17 (rhTACE). The synthesized pep-
tide was incubated with purified protease rhTACE, and 
then products were analyzed by reverse phase HPLC. 

Fig. 2  ADAM17 promotes the invasion and migration of hepatocellular carcinoma cells. a, b Effects of ADAM17 suppression on cell migration 
measured by the wound healing assay in SMMC7721 and MHCC97H cells (magnification, × 100).   c Quantification of cell closure percentage. 
d Knockdown of ADAM17 impairs the invasive capacities of SMMC7721 and MHCC97H cells. e Quantification of cell invasion through Matrigel 
with each cell treatment (***P < 0.001 based on the Mann–Whitney U test). f Overexpression ADAM17 up-regulate invasion ability in Huh7 and 
SMMC7721 cells (magnification, × 100)
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As the data show, two main peaks were observed in the 
experimental group, while there was only one main peak 
in the control group (Fig. 6b, c), and the enzyme cleaved 
the peptide. Taken together, the results confirmed that 
ADAM17 participated in the maturation of MMP21.

Discussion
HCC is one of the most prevalent human cancers. Tumor 
invasion is the main cause of mortality in patients with 
HCC [16–19]. Recent studies have determined that 
ADAM17 dysfunction may play an important role in 
tumor invasion [20]. In 2016, CD133-expressing CSCs 
were shown to be responsible for cell invasion and migra-
tion after radiation, and their radiation-induced meta-
static potential could be prevented by suppression of 
ADAM17 [21]. A recent study proved that ADAM17 pro-
motes cell invasion and migration through the integrinβ1 
pathway in HCC [22]. In our study, we first used a data-
base to confirm that ADAM17 was correlated with the 
OS and PFS of patients with HCC (Additional file  2: 
Figure S3). Later, we further identified that ADAM17 
was markedly increased in HCC tissue samples. Moreo-
ver, we found that downregulation of ADAM17 could 

significantly suppress the invasion of MHCC97H and 
SMCC7721 cells. Therefore, ADAM17 may represent a 
novel target in the progression of HCC.

ADAM17 was originally identified as an enzyme 
responsible for processing TNFα from a precursor to a 
soluble circulating form [3, 23]. As a protein cleaved by 
ADAM17, TNFα seems to lack a definable consensus 
cleavage motif [19]. However, statistics in the MEROPS 
database showed that there is orderliness. It is more 
selective for alanine at the P1 position and revealed a 
preference for valine at the P1′ position among 60 cleav-
age sites registered in this database. Recently, some stud-
ies demonstrated that cleavage site specificities were 
in excellent agreement with the information derived 
from the MEROPS database [24, 25]. Interestingly, com-
pared with the cleavage peptide (LAQAVRSS), we found 
that the prodomain of MMP21 has a similar peptide 
sequence (LAQAVR) through the Swiss Prot database. 
Furthermore, MMP21 was recently shown to play an 
important role in tumor processing [14–16, 26]. In our 
study, MMP21 was found to be upregulated in hepato-
cellular carcinoma and associated with microvascular 
invasion. In addition, the high expression of MMP21 in 

Fig. 3  Knockdown and overexpression of ADAM17 in HCC cells affect MMP21 expression. a, b Expression of MMP21 in SMMC7721, Huh7 and 
MHCC97H cells. c, d The expression of MMP21 in SMMC7721 and Huh7 cells treated with ADAM17 siRNA. e, f The expression of MMP21 in 
SMMC7721 and Huh7 cells overexpressed ADAM17. (***P < 0.001, **P < 0.01, *P < 0.05)
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Fig. 4  The expression of MMP21 influence HCC cell invasion and migration. a, c Knockdown of MMP21 decrease the invasion ability of SMMC7721. 
b, c Effects of MMP21 suppression on cell migration measured by the wound healing assay in SMMC7721 d, g ADAM17 regulate invasion ability 
through MMP21 in SMMC7721. e, g siRNA knockdown the expression of MMP21 in SMMC7721. f, g ADAM17 regulated MMP21 expression in 
SMMC7721. (***P < 0.001, **P < 0.01, *P < 0.05)

Fig. 5  The secretion level of MMP21 in HCC cells. a Overexpression of ADAM17 enhanced the MMP21 secretion level in Huh7 cells. b Knockdown 
of ADAM17 reduced MMP21 secretion in Huh7 cells. c Overexpression of ADAM17 enhanced the MMP21 secretion level in MHCC97H cells. d 
Knockdown of ADAM17 reduced MMP21 secretion in MHCC97H cells (***P < 0.001, **P < 0.01, *P < 0.05)
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MHCC97H cells is often accompanied by high metastatic 
potential. Importantly, downregulation of ADAM17 
could decrease the expression of MMP21, while overex-
pression of ADAM17 can markedly increase the expres-
sion of MMP21. Furthermore, ADAM17 can positively 
regulate the secretion of MMP21. Next, we confirmed 
that ADAM17 coimmunoprecipitated with MMP21 in 
the Huh7 cell line. On the other hand, it was further indi-
cated by high-performance liquid chromatography that 
the precursor of MMP21 may be cleaved by ADAM17 
protease.

Conclusion
Our study demonstrated that increased ADAM17 
expression may have contributed to HCC metastasis 
and progression. We found that ADAM17 and MMP21 
expression in HCC was significantly higher than that in 

normal liver tissues and was associated with microvas-
cular invasion both in vivo and in vitro. We first showed 
that ADAM17 was positively correlated with MMP21 
in HCC. Overexpression of ADAM17 may improve 
tumor processing by cleaving the prodomain of MMP21 
and activating it. In our study, we further expose the 
new mechanism of ADAM17 in HCC metastasis. Thus, 
ADAM17 is likely to be an attractive target for inhibiting 
HCC metastasis.
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Fig. 6  ADAM17 and MMP21 interact with each other in Huh7 
cells, and the prodomain of MMP21 may be cleaved by ADAM17. a 
Immunoprecipitation analysis of the association between ADAM17 
and MMP21 in Huh7 cells. b Analysis of a mixture of pro-MMP21 
peptide with reaction buffer by UPLC-MS. (C) Analysis of a mixture of 
pro-MMP21 peptide with recombinant adam17 by UPLC-MS

https://doi.org/10.1186/s12935-020-01556-6
https://doi.org/10.1186/s12935-020-01556-6


Page 11 of 11Xiang et al. Cancer Cell Int          (2020) 20:516 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

References
	1.	 Chen W, Zheng R, Zhang S, Zeng H, Xia C, Zuo T, Yang Z, Zou X, 

He J. Cancer incidence and mortality in China, 2013. Cancer Lett. 
2017;10(401):63–71.

	2.	 Yang Hao, Fang Feng, Chang Ruimin, Yang Lianyue. MicroRNA-140-5p 
Suppresses Tumor Growth and Metastasis by Targeting Transforming 
Growth Factor b Receptor 1 and Fibroblast Growth Factor 9 in Hepatocel-
lular Carcinoma. Hepatology. 2013;58:205–17.

	3.	 Black RA, Rauch CT, Kozlosky CJ, Peschon JJ, Slack JL, Wolfson MF, Castner 
BJ, Stocking KL, Reddy P, Srinivasan S, Nelson N, Boiani N, Schooley KA, 
Gerhart M, Davis R, Fitzner JN, Johnson RS, Paxton RJ, March CJ, Cerretti 
DP. A metalloproteinase disintegrin that releases tumour-necrosis factor-
alpha from cells. Nature. 1997;385(6618):729–33.

	4.	 Arribas J, Esselens C. ADAM17 as a therapeutic target in multiple diseases. 
Curr Pharm Des. 2009;15(20):2319–35.

	5.	 Sun J, Jiang J, Lu K, Chen Q, Tao D, Chen Z. Therapeutic potential of 
ADAM17 modulation in gastric cancer through regulation of the EGFR 
and TNF-α signalling pathways. Mol Cell Biochem. 2017;426(1–2):17–26.

	6.	 Liu HB, Zhu Y, Yang QC, Shen Y, Zhang XJ, Chen H. Expression and clinical 
significance of ADAM17 protein in esophageal squamous cell carcinoma. 
Genet Mol Res. 2015;14(2):4391–8.

	7.	 Zhang C, Han X, Xu X, Zhou Z, Chen X, Tang Y, Cheng J, Moazzam NF, 
Liu F, Xu J, Peng W, Du F, Zhang B, Song Z, Zeng J, Gong A. FoxM1 drives 
ADAM17/EGFR activation loop to promote mesenchymal transition in 
glioblastoma. Cell Death Dis. 2018;9(5):469.

	8.	 Hu B, Meng X, Zhang Y, Hossain MM, Wu L, Zhang Y, Peng X, Zhang X. 
Short hairpin RNA-mediated gene silencing of ADAM17 inhibits the 
growth of breast cancer MCF-7 cells in vitro and in vivo and its mecha-
nism of action. Oncol Rep. 2018;39(4):1640–8.

	9.	 Wang HP, Wang X, Gong LF, Chen WJ, Hao Z, Feng SW, Wu YB, Ye T, Cai 
YK. Nox1 promotes colon cancer cell metastasis via activation of the 
ADAM17 pathway. Eur Rev Med Pharmacol Sci. 2016;20(21):4474–81.

	10.	 . K A, et al, Matrix metalloproteinase-21 is expressed epithelially during 
development and in cancer and is up-regulated by transforming growth 
factor-beta1 in keratinocytes. Laboratory investigation; a journal of tech-
nical methods and pathology. 2003. 83(12): 1887-99.

	11.	 Liu Y, Wu C, Wang Y, Wen S, Wang J, Chen Z, He Q, Feng D. Micro RNA- 
145 inhibits cell proliferation by directly targeting ADAM17 in hepatocel-
lular carcinoma. Oncol Rep. 2014;32(5):1923–30.

	12.	 Marchenko GN, Marchenko ND, Strongin AY. The structure and regulation 
of the human and mouse matrix metalloproteinase-21 gene and protein. 
Biochem J. 2003;372:503–15.

	13.	 Ahokas K, Lohi J, Illman SA, Llano E, Elomaa O, Impola U, Karjalainen-
Lindsberg ML, Saarialho-Kere U. Matrix metalloproteinase-21 is expressed 
epithelially during development and in cancer and is up-regulated 
by transforming growth factor-beta1 in keratinocytes. Lab Invest. 
2003;83(12):1887–99.

	14.	 Wu T, Li Y, Lu J, Qiao Q, Bao G, Wang N, He X, Du X. Increased MMP-21 
expression is associated with poor overall survival of patients with gastric 
cancer. Med Oncol. 2013;30(1):323.

	15.	 Pu Y, Wang L, Wu H, Feng Z, Wang Y, Guo C. High MMP-21 expression 
in metastatic lymph nodes predicts unfavorable overall survival for oral 
squamous cell carcinoma patients with lymphatic metastasis. Oncol Rep. 
2014;31(6):2644–50.

	16.	 Shu-liang Zhang, Ling Liu. microRNA-148a inhibits hepatocellular carci-
noma cell invasion by targeting sphingosine-1-phosphate receptor 1. 
EXPERIMENTAL AND THERAPEUTIC MEDICINE. 2015;9(2):579–84.

	17.	 Xu J, Li X, Yang H, Chang R, Kong C, Yang L. SIN1 promotes invasion and 
metastasis of hepatocellular carcinoma by facilitating epithelial-mesen-
chymal transition. Cancer. 2013;119(12):2247–57.

	18.	 Feng Fang, Ruimin Chang, Lianyue Yang. Heat Shock Factor 1 Promotes 
Invasion and Metastasis of Hepatocellular Carcinoma In vitro and In Vivo. 
Cancer. 2012;118(7):1782–94.

	19.	 Zhao Z, Yan L, Li S, Sun H, Zhou Y, Li X. Increased MMP-21 expression in 
esophageal squamous cell carcinoma is associated with progression and 
prognosis. Med Oncol. 2014;31(8):91.

	20.	 Pan Q, Yan W, Wang Y, He X, Zhao Z. Overexpression of MMP21 and 
MMP28 is associated with gastric cancer progression and poor prognosis. 
Oncology letters. 2018;15(5):7776–82.

	21.	 Sung WH, Wonhee H, Jung EC, Jung-Hee K, Daehee H, Seung KY. Role 
of ADAM17 in invasion and migration of CD133-expressing liver cancer 
stem cells after irradiation. Oncotarget. 2016;7(17):23482–97.

	22.	 Li Y, Ren Z, Wang Y, Jung-Hee K, Daehee H, Seung KY. ADAM17 promotes 
cell migration and invasion through the integrin β1 pathway in hepato-
cellular carcinoma. Exp Cell Res. 2018;370(2):373–82.

	23.	 Moss ML, Jin SL, Milla ME, Bickett DM, Burkhart W, Carter HL, Chen WJ, 
Clay WC, Didsbury JR, Hassler D, Hoffman CR, Kost TA, Lambert MH, 
Leesnitzer MA, McCauley P, McGeehan G, Mitchell J, Moyer M, Pahel G, 
Rocque W, Overton LK, Schoenen F, Seaton T, Su JL, Becherer JD. Cloning 
of a disintegrin metalloproteinase that processes precursor tumour-
necrosis factor-alpha. Nature. 1997;385(6618):733–6.

	24.	 Caescu CI, Jeschke GR, Turk BE. Active-site determinants of substrate 
recognition by the metalloproteinases TACE and ADAM10. Biochem J. 
2009;424(1):79–88.

	25.	 Tucher J, Linke D, Koudelka T, Cassidy L, Tredup C, Wichert R, Pietrzik C, 
Becker-Pauly C, Tholey A. LC-MS based cleavage site profiling of the pro-
teases ADAM10 and ADAM17 using proteome-derived peptide libraries. J 
Proteome Res. 2014;13(4):2205–14.

	26.	 Huang Y, Li W, Chu D, Zheng J, Ji G, Li M, Zhang H, Wang W, Du J, Li J. 
Overexpression of matrix metalloproteinase-21 is associated with poor 
overall survival of patients with colorectal cancer. J Gastrointest Surg. 
2011;15(7):1188–94.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	ADAM17 promotes the invasion of hepatocellular carcinoma via upregulation MMP21
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Patients and specimens
	Immunohistochemistry and evaluation of immunostaining intensity
	Cell culture
	Tranfection assay
	Cell invasion assay
	Scratch wounding assay
	Western blot
	Elisa
	Immunoprecipitation
	HPLC method
	Statistical analysis

	Results
	ADAM17 and MMP21 are significantly upregulated in human HCC tissues, and there is a positive correlation between the two genes
	ADAM17 promotes the viability and migration of hepatocellular carcinoma
	The expression of MMP21 in HCC is associated with ADAM17
	ADAM17 influence HCC invasion and migration through MMP21
	ADAM17 expression influences mMMP21 secretion
	ADAM17 and MMP21 interact with each other in Huh7 cells, and the prodomain of MMP21 may be cleaved by ADAM17

	Discussion
	Conclusion
	Acknowledgements
	References




