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Abstract: Hepatocyte growth factor (HGF) plays an important role in cancer progression via
phosphorylation of MET (c-met proto-oncogene product, receptor of HGF). HGF-zymogen (pro-HGF)
must be processed for activation by HGF activators including matriptase, which is a type
II transmembrane serine protease and the most efficient activator. The enzymatic activity is
tightly regulated by HGF activator inhibitors (HAIs). Dysregulated pro-HGF activation (with
upregulated MET phosphorylation) is reported to promote cancer progression in various cancers.
We retrospectively analyzed the expression of matriptase, phosphorylated-MET (phospho-MET)
and HAI-1 in tumor specimens obtained from patients with invasive bladder cancer by
immunohistochemistry. High expression of phospho-MET and increased expression of matriptase
were significantly associated with poor prognosis, and high matriptase/low HAI-1 expression
showed poorer prognosis. Furthermore, high expression of matriptase tended to correlate with
phosphorylation of MET. Increased expression of matriptase may induce the ligand-dependent
activation of MET, which leads to poor prognosis in patients with invasive bladder cancer.
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1. Introduction

Bladder cancer is the world’s 9th most common malignancy, with 357,000 cases reported in
2002 [1]. Histopathologically, 90% of bladder cancers are urothelial carcinoma, 5% are squamous
cell carcinoma, and less than 2% are adenocarcinoma or other variants [2]. Approximately 75% of
patients present with non-muscle-invasive bladder cancer (NMIBC), which is effectively managed
by transurethral resection of bladder tumor (TURBT) [3]. On the other hand, radical cystectomy and
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urinary diversion is generally considered for patients with muscle-invasive bladder cancer (MIBC).
Neoadjuvant chemotherapy may be considered as an option to improve the cure rate [4]. However,
MIBC remains lethal. Cancer-specific survivals at 5 years for pT2 and pT3 have been reported as
65–78% and 31–55%, respectively, [5,6] and the development of more effective treatment is essential.

HGF is a multifunctional growth factor reported to have an important role in tumor progression
through its specific receptor tyrosine kinase MET, the c-met proto-oncogene product [7]. HGF is
primarily secreted by fibroblasts as an inactive single-chain precursor (pro-HGF) that lacks biological
activity and requires proteolytic cleavage for activation into its two-chain mature form [8,9]. Matriptase,
which is a Type II transmembrane serine protease (TTSP), is the most efficient pericellular activator
of pro-HGF. The binding of HGF to MET activates tyrosine kinase activity, which in turn results in
autophosphorylation of tyrosine residues in the activation loop, and generates multi-docking sites
for molecules which mediate downstream signal transduction [10]. In cancer tissue, activation of
HGF/MET signaling axis occurs mainly by paracrine fashion, and several cancers express HGF,
which leads to autocrine-loop-style MET activation [8,11]. The activation of the HGF/MET signaling
axis is reported to be involved in tumor progression, including increased cell-proliferation, motility,
invasiveness (epithelial-mesenchymal transition: EMT) and anti-apoptotic potential [8,11]. In bladder
cancer, phosphorylation of MET is reported to correlate with the progression and poor prognosis [12].

Matriptase is reported to be expressed in various epithelial cells and to have an essential role in
the maintenance of epithelial barrier formation in skin and intestine [8]. On the other hand, increased
expression of matriptase is observed in many cancers, including breast, ovarian, uterine, prostate,
colon, cervical, skin, renal, pancreatic, esophageal, head and neck carcinomas [13–21]. In these cancers,
matriptase has a significant correlation with increased invasive and metastatic activity through its
potential to activate several growth factors, including pro-HGF, protease-activated receptor 2 (PAR-2),
pro-platelet-derived growth factor D (PDGF-D) and pro-macrophage stimulating protein (MSP)-1 [8].
In physiological condition, enzymatic activity is tightly regulated by HGF activator inhibitor (HAI)-1.
Expression of matriptase in urothelial cancer cells has not been evaluated, and its function is not well
analyzed. This is the first study to analyze the expression of matriptase and HAI-1, and to examine
correlation with the phosphorylation of MET in bladder cancer specimens by immunohistochemistry.

2. Results

2.1. Immunohistochemical Study

2.1.1. Expression of MET, Phospho-MET, Matriptase and HAI-1 in Cancer Tissue

Table 1 shows patient characteristics. Immunohistochemical appearance is shown in Figures 1–4.
Positive staining of all molecules, which was defined as membranous staining with or without
cytoplasmic stain, was observed in cancer cells. As shown in Table 2, MET, phosphorylated MET
(phospho-MET), matriptase and HAI-1 were highly expressed in 12 cases (46%), 7 cases (27%), 18 cases
(69%) and 11 cases (42%), respectively. Although increased expression of total MET was observed in
patients 10–18, phosphorylation was downregulated. High expression of HAI-1 was also observed
in these patients, suggesting HAI-1-induced regulation of MET phosphorylation (Figure 1). In
contrast, upregulated MET phosphorylation was observed in patients 24–26, whereas HAI-1 was
downregulated (Figure 2). Considering these results, HAI-1 may have an important role in the
regulation of ligand-dependent MET activation in bladder cancer. On the other hand, both expression
of HAI-1 and phosphorylation of MET were upregulated in patients 20–23. Histopathological
findings of these cases are shown in Figure 3. Of interest, phosphorylation of MET and expression
of HAI-1 were observed reciprocally in cancer tissues. These findings also suggest the significant
role of ligand-dependent activation of MET and HAI-1-induced regulation in bladder cancer. In
peri-cancerous normal urothelium, total MET and matriptase expressed in the majority of urothelial
cells, whereas expression of HAI-1 was observed in umbrella cells and phosphorylation of MET was
enhanced in the basal area of the urothelium (Figure 4)
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Table 1. Patient characteristics.

Age (median) 73

Gender Male 14
Female 12

Neoadjuvant chemotherapy + 12
- 14

pT stage ≤ T1 6
T2 15

≥ T3 5
Follow-up period (months, median) 26

pT stage: pathological T stage.

Table 2. Comparative immunoreactivity of MET, phospho-MET, HAI-1 and matriptase.

Patient MET p-MET HAI-1 Matriptase

1 H L L L
2 L L L L
3 L L L L
4 L L L L
5 L L L L
6 L L H L
7 L L H L
8 L L H H
9 L L H L
10 H L H H
11 H L H L
12 H L H L
13 H L H L
14 H L H H
15 H L H H
16 H L H L
17 H L H H
18 H L H H
19 L L H L
20 L H H L
21 L H H H
22 L H H H
23 H H H H
24 L H L L
25 L H L H
26 H H L H

H: high expression, L: low expression. p-MET: phosphorylation of MET, HAI-1: hepatocyte growth factor activator
inhibitor type-1.
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Figure 1. Immunohistochemical appearance of total MET (A), phospho-MET (B), matriptase (C) and
HAI-1 (D) in serial tissue section of high-grade urothelial carcinoma (patient 10, ×200 magnification).
Increased expression of total MET is observed (A), whereas phosphorylation is downregulated
(B). Although matriptase is expressed in the majority of cancer cells (C), the activity may be
regulated by HAI-1 (D). This case shows a representative pattern of HAI-1-induced downregulation of
MET phosphorylation.

Figure 2. Immunohistochemical appearance of total MET (A), phospho-MET (B), matriptase
(C) and HAI-1 (D) in serial tissue sections of high-grade urothelial carcinoma (patient 26, ×200
magnification). Increased expression of total MET (A) and upregulation of phosphorylated MET
(B) are observed. Expression of matriptase is also increased (C). Dysregulation of matriptase may
be promoted by downregulation of HAI-1 (D). This case shows a representative pattern of HAI-1
downregulation-induced upregulation of MET phosphorylation.
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Figure 3. Immunohistochemical appearance of total MET (A), phospho-MET (B), matriptase (C) and
HAI-1 (D) in serial tissue sections of high-grade urothelial carcinoma (patient 23, ×200 magnification).
Dominant expression of total MET (A) and matriptase (C) is observed. Phosphorylation of MET is
also upregulated (B); however, downregulation is observed in part (arrows). In contrast, increased
expression of HAI-1 is observed in the area with downregulated phospho-MET (D, allows). This case
shows a representative pattern of reciprocal expression of HAI-1 and phospho-MET.

Figure 4. Immunohistochemical appearance of total MET (A), phospho-MET (B), matriptase (C) and
HAI-1 (D) in serial tissue sections of normal urothelium (patient 23, ×200 magnification). Total MET and
matriptase are expressed in the majority of normal urothelial cells (A,C). However, phosphorylation of
MET is upregulated in the basal area of the urothelium (B, arrows), and HAI-1 is expressed in umbrella
cells (D). These patterns are representative of non-malignant urothelium adjacent to a cancer lesion.
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2.1.2. Correlation between Pathological T Stage and Expression of Each Molecule

We analyzed the correlation between pathological T stage and the result of immunohistochemistry
(Table 3). High expression of MET and phospho-MET was significantly associated with higher T stage
(p = 0.027 and p = 0.03 respectively). However, no significant correlation was observed between T stage
and expression of matriptase and HAI-1.

Table 3. Correlation between pathological T stage and expression of each molecule.

Molecules
pT Stage

1 2 ≥3 p Value

MET
Low 4 10 0

0.027High 2 5 5

Phospho-MET Low 6 8 5
0.030High 0 7 0

Matriptase Low 2 5 1
0.845High 4 10 4

HAI-1
Low 4 9 2

0.647High 2 6 3

Low: low expression, High: high expression. Significance was determined by χ2 test.

2.1.3. Correlation between Matriptase, HAI-1 and Phospho-MET

Next, we analyzed the correlation between each molecule (Table 4). Although correlation between
HAI-1 and phospho-MET failed to achieve statistical significance, high expression of matriptase tended
to correlate with the phosphorylation of MET (p = 0.068).

Table 4. Correlation between matriptase, HAI-1 and phospho-MET.

Matriptase HAI-1

Low High p Value Low High p Value

Phospho-MET Low 13 2
0.068

5 14
0.418High 6 5 3 4

Significance was determined by χ2 test.

2.1.4. Cancer-Specific Survival According to the Expression of Each Molecule

We analyzed cancer-specific survival according to the expression of each molecule (Figure 5). High
expression of phospho-MET and matriptase was both significantly correlated with poor prognosis.
Although high expression of MET tended to correlate with poor prognosis, statistical significance was
not achieved. Then, in response to reports that an imbalance of matriptase and HAI-1 was associated
with tumor aggressiveness [22], we evaluated cancer-specific survival in subgroup (Figure 5E). The low
matriptase/ high HAI-1 expression group showed favorable prognosis, whereas the high matriptase/
low HAI-1 expression group showed a significantly poorer prognosis.
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Figure 5. Cont.
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Figure 5. Comparison of cancer-specific survival rates (CSS) of high-grade urothelial carcinoma patients
in total MET (A), phospho-MET (B), matriptase (C) and HAI-1 (D) and matriptase in combination with
HAI-1 (E). Survival distributions were compared by log-rank statistics. Expression of total MET and
HAI-1 is not significantly associated with CSS. However, expression of phospho-MET and matriptase is
significantly associated with CSS. Analysis of subgroup is shown (E). The low matriptase/ high HAI-1
group reveals favorable prognosis, whereas poor prognosis is observed in the high matriptase/ low
HAI-1 group.

3. Discussion

MET is a receptor tyrosine kinase which consists of an extracellular alpha chain and a
single-pass transmembrane β chain showing an architecture of disulfide-linked heterodimer [23,24].
The intracellular segment comprises a juxtamembrane domain responsible for the downregulation
of MET kinase activity, an activation loop that actuates MET kinase activity after Tyr1234 and
Tyr1235 phosphorylation, and a carboxy-terminal multifunctional docking site comprising Tyr1349
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and Tyr1356, which leads to downstream signaling [23–25]. MET phosphorylation leads to the
activation of several major intracellular signaling pathways that eventually promote cell proliferation,
survival (anti-apoptosis), motility, invasiveness, drug resistance, the maintenance of the cancer stem
cell-like phenotype, and epithelial-mesenchymal transition (EMT) in several cancer cells [23,24]. High
expression of MET with worsening prognosis is reported in a great number and variety of human
cancers [18,23,24,26].

Three means of MET activation are observed in human cancers. Activating point mutations in
hereditary papillary renal cell carcinoma is a widely known self-activation system [23]. Overexpression
of MET leads to oligomerization, which causes reciprocal ligand-independent activation [24]. In
addition, HGF-dependent activation in autocrine or paracrine system is also a major activation
system of MET [18,25,26]. MET amplification is a mechanism of resistance to epidermal growth
factor receptor-targeted tyrosine kinase inhibitors (EGFR-TKIs) in lung cancer [27]. In contrast
to this, overexpression of HGF is seen in a significant number of lung cancer patients with
EGFR-TKIs-resistance overlapping MET amplification [27]. In addition, HGF expression is increased
significantly in patients with acquired EGFR-TKIs-resistance [27]. Examination of resistance to
anti-MET therapy also revealed the importance of HGF-promoted resistance in drug potency and
efficacy [28]. Furthermore, phosphorylation of MET with auto-activating mutation was enhanced to a
significant degree by HGF stimulation [29]. Therefore, activation of pro-HGF in the MET signaling axis
is of significant importance in cancer progression [27–29], providing a rationale for targeting pro-HGF
activation systems in anti-MET treatment. Indeed, high expression levels of pro-HGF are frequently
observed in various human cancers, particularly in cancer-associated stromal cells.

Matriptase gene (ST14) is located on human chromosome 11q24-25 [30]. The gene encodes
855 amino acids, and the molecular weight of the protein is 80–90-kDa [31]. Matriptase is a
Type II transmembrane serine protease (TTSP), which is composed of a single pass hydrophobic
transmembrane domain, a short intracellular amino terminus (N-terminus) domain and a larger
extracellular carboxy-terminal serine protease domain [30]. This protease is synthesized as an
inactive, single-chain zymogen, and activation requires two sequential endoproteolytic cleavages [30].
Matriptase was first discovered in breast cancer cell line T-47D, and subsequently purified from
human milk [32]. Matriptase was highly expressed in breast cancer cell lines and involved in cancer
progression through activation of the HGF/MET signaling axis [33,34]. Co-expression of matriptase
and MET was also reported to correlate with poor prognosis in head and neck cancer, and renal cell
carcinoma [18,35]. In bladder cancer, although phosphorylation of MET (Y1349) was reported to
correlate with high T stage, metastasis and poor prognosis, expression of matriptase has not been
evaluated [36]. Our study revealed that upregulated phosphorylation of MET and expression of
matriptase significantly correlated with poor prognosis, and high expression of matriptase with
downregulated HAI-1 tended to correlate with worse prognosis in patients with invasive bladder
cancer. To the best to our knowledge, this is the first report analyzing matriptase and HAI-1 expression
in bladder cancer.

HAI-1 is known as a pericellular inhibitor of pro-HGF-activating proteases [37]. HAI-1 is encoded
by the SPINT1 gene located on human chromosome 15q15.1 [8]. HAI-1 was initially purified from
conditioned medium of human gastric cancer cell (MKN45), and is characterized by two functional
Kunitz-type inhibitor domains [37]. HAI-1 can efficiently inhibit the proteolytic activity of HGF
activator, matriptase, prostasin, hepsin, transmembrane protease, serine (TMPRSS) 13, human airway
trypsin-like protease, kallikrein 1-related peptidase (KLK) 4 and KLK5 due to Kunitz-type inhibitor
domain binding [8,37]. It has been reported that HAI-1 is expressed in various epithelial cells, and
possible suppressive role in cancer progression [8]. Reduced HAI-1 expression reported to be associated
with poor prognosis in patients with prostatic, breast, ovarian and endometrial cancer [38–42].
Interestingly, in our investigation, patients with high expression of matriptase and low expression of
HAI-1 had significantly poorer prognosis compared with patient with the opposite expression despite
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the absence of correlation between HAI-1 expression and cancer-specific survival. However, further
examination is needed to clarify whether HAI-1 is an efficient suppressor of bladder cancer.

4. Materials and Methods

This was a retrospective study using clinical data from clinical records and tumor specimens
obtained from paraffin-embedded blocks. The experimental protocol was approved by the Ethical
Review Committee of Miyazaki University (O-0132, 6/3/2017). We examined a series of 26 specimens
of bladder cancer collected by radical cystectomy at our hospital between 2010 and 2014. The bladder
cancers were staged according to TNM classification, and pathological diagnosis was performed by
two pathologists in accordance with the World Health Organization (WHO) classification of tumors.

4.1. Immunohistochemistry and Analysis

We prepared formalin-fixed paraffin-embedded sections according to the standard procedures.
Specimens were used for staining and immunohistochemistry. Anti-human MET (total MET) rabbit
polyclonal antibody and anti-human MET (Tyr1235, phosphorylated, phospho-MET) were purchased
from Immuno-Biological Laboratories (Gunma, Japan) and anti-human ST14/matriptase polyclonal
antibody was from LifeSpan Biosciences (Seattle, WA, USA). Anti-HAI-1 antibody was from R&D
systems (Minneapolis, MN, USA). Immunohistochemistry was conducted by processing sections for
antigen retrieval (microwaved in 10 mM citrate buffer, pH 6.0 for 10 min), followed by treatment
with 3% H2O2 in methanol for 10 min and washing in phosphate-buffered saline (PBS) twice. After
blocking in 3% bovine serum albumin and 5% goat serum in phosphate buffered saline for 2 h at room
temperature, sections were incubated with primary antibodies overnight at 4 ◦C. Negative controls
excluded the primary antibody. Sections were washed in PBS and incubated with EnVision-labeled
polymer reagent (DAKO, Carpinteria, CA, USA) for 30 min at room temperature. Sections were
exposed with nickel, cobalt-3, 3-diaminobenzidine (Immunopure Metal Enhanced DAB Substrate Kit;
Piece, Rockford, IL, USA), and counterstained with hematoxylin. The phospho-MET immunostaining
procedure has been described previously [25].

Immunoreaction staining intensity was judged by percentage of bladder cancer cells in which
the cancer cell membranes were stained with or without staining of cytoplasm (e.g., if 80 out of 100
cells were stained, staining was 80%): staining of >80%, strongly positive (2+); 20–80%, positive
(1+); 5–20%, weakly positive (±); <5%, negative (−). Evaluation was performed by two experienced
pathologists. We regarded a 2+ finding as high expression, and 1+, ± and – findings as low expression
for all molecules.

4.2. Statistical Analysis

SPSS statics, version 25.0 (SPSS, Chicago, IL, USA) was used to assess statistical parameters. To
analyze follow-up data, the Kaplan-Meier method was used to calculate cancer-specific survival, and
survival distributions were compared by log-rank test. χ2-test was used to determine associations, and
a P-value of less than 0.05 was set for statistical significance.

5. Conclusions

Upregulated phosphorylation of MET and expression of matriptase were significantly associated
with poor prognosis in patients with invasive bladder cancer. Immunohistochemical findings showed
reciprocal expression of HAI-1 and phospho-MET, which revealed the importance of HAI-1-induced
regulation of MET phosphorylation as a major synergic role in the progression of bladder cancer. In
addition, it was indicated that increased expression of matriptase may induce the ligand-dependent
activation of MET.
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Abbreviations

HGF Hepatocyto Growth Factor
HAI Hepatocyto Growth Factor Activator Inhibitor
RNA Rebonucleic Acid
NMIBC Non-Muscle Invasive Bladder Cancer
MIBC Muscle Invasive Bladder Cancer
TURBT Transurethral Resection of Bladder Tumor
TTSP Type II Transmembrane Serine Protease
EMT Epithelial-Mesenchymal Transition
PAR Protease Activated Receptor
PDGF Platelet-Derived Growth Factor
MSP Macrophage Stimulating Protein
NC Negative Control
EGFR Epidermal Growth Factor Receptor
TKI Tyrosine Kinase Inhibitor
TMPRSS Transmembrane Protease, Serine
KLK Kallikrein 1-Related Peptidase
DNA Deoxyribonucleic Acid

References

1. Parkin, D.M. The global burden of urinary bladder cancer. Scand. J. Urol. Nephrol. Suppl. 2008, 12–20.
[CrossRef]

2. Abol-Enein, H.; Kava, B.R.; Carmack, A.J. Nonurothelial cancer of the bladder. Urology 2007, 69, 93–104.
[CrossRef] [PubMed]

3. Burger, M.; Catto, J.W.; Dalbagni, G.; Grossman, H.B.; Herr, H.; Karakiewicz, P.; Kassouf, W.; Kiemeney, L.A.;
La Vecchia, C.; Shariat, S.; et al. Epidemiology and risk factors of urothelial bladder cancer. Eur. Urol. 2013,
63, 234–241. [CrossRef] [PubMed]

4. Vale, C.L. Neoadjuvant chemotherapy in invasive bladder cancer: Update of a systematic review and
meta-analysis of individual patient data advanced bladder cancer (ABC) meta-analysis collaboration. Eur.
Urol. 2005, 48, 202–205. [CrossRef] [PubMed]

5. Pagano, F.; Bassi, P.; Galetti, T.P.; Meneghini, A.; Milani, C.; Artibani, W.; Garbeglio, A. Results of
contemporary radical cystectomy for invasive bladder cancer: A clinicopathological study with an emphasis
on the inadequacy of the tumor, nodes and metastases classification. J. Urol. 1991, 145, 45–50. [CrossRef]

6. Stein, J.P.; Lieskovsky, G.; Cote, R.; Groshen, S.; Feng, A.C.; Boyd, S.; Skinner, E.; Bochner, B.; Thangathurai, D.;
Mikhail, M.; et al. Radical cystectomy in the treatment of invasive bladder cancer: Long-term results in 1054
patients. J. Clin. Oncol. 2001, 19, 666–675. [CrossRef] [PubMed]

7. Matsumoto, K.; Umitsu, M.; De Silva, D.M.; Roy, A.; Bottaro, D.P. Hepatocyte growth factor/MET in cancer
progression and biomarker discovery. Cancer Sci. 2017, 108, 296–307. [CrossRef] [PubMed]

8. Kataoka, H.; Kawaguchi, M.; Fukushima, T.; Shimomura, T. Hepatocyte growth factor activator inhibitors
(HAI-1 and HAI-2): Emerging key players in epithelial integrity and cancer. Pathol. Int. 2018, 68, 145–158.
[CrossRef] [PubMed]

http://dx.doi.org/10.1080/03008880802285032
http://dx.doi.org/10.1016/j.urology.2006.08.1107
http://www.ncbi.nlm.nih.gov/pubmed/17280911
http://dx.doi.org/10.1016/j.eururo.2012.07.033
http://www.ncbi.nlm.nih.gov/pubmed/22877502
http://dx.doi.org/10.1016/j.eururo.2005.04.006
http://www.ncbi.nlm.nih.gov/pubmed/15939524
http://dx.doi.org/10.1016/S0022-5347(17)38244-7
http://dx.doi.org/10.1200/JCO.2001.19.3.666
http://www.ncbi.nlm.nih.gov/pubmed/11157016
http://dx.doi.org/10.1111/cas.13156
http://www.ncbi.nlm.nih.gov/pubmed/28064454
http://dx.doi.org/10.1111/pin.12647
http://www.ncbi.nlm.nih.gov/pubmed/29431273


Int. J. Mol. Sci. 2018, 19, 3708 12 of 13

9. List, K.; Bugge, T.H.; Szabo, R. Matriptase: Potent proteolysis on the cell surface. Mol. Med. 2006, 12, 1–7.
[CrossRef] [PubMed]

10. Nakamura, T. Hepatocyte growth factor as mitogen, motogen and morphogen, and its roles in organ
regeneration. Princess Takamatsu Symp. 1994, 24, 195–213. [PubMed]

11. Comoglio, P.M.; Giordano, S.; Trusolino, L. Drug development of MET inhibitors: Targeting oncogene
addiction and expedience. Nat. Rev. Drug Discov. 2008, 7, 504–516. [CrossRef] [PubMed]

12. Shintani, T.; Kusuhara, Y.; Daizumoto, K.; Dondoo, T.O.; Yamamoto, H.; Mori, H.; Fukawa, T.;
Nakatsuji, H.; Fukumori, T.; Takahashi, M.; et al. The involvement of hepatocyte growth factor-MET-Matrix
metalloproteinase 1 signaling in bladder cancer invasiveness and proliferation. Effect of the MET inhibitor,
Cabozantinib (XL184), on bladder cancer cells. Urology 2017, 101, 169.e7–169.e13. [CrossRef] [PubMed]

13. Bergum, C.; Zoratti, G.; Boerner, J.; List, K. Strong expression association between matriptase and its substrate
prostasin in breast cancer. J. Cell Physiol. 2012, 227, 1604–1609. [CrossRef] [PubMed]

14. Oberst, M.D.; Johnson, M.D.; Dickson, R.B.; Lin, C.Y.; Singh, B.; Stewart, M.; Williams, A.; Al-Nafussi, A.;
Smyth, J.F.; Gabra, H.; et al. Expression of the serine protease matriptase and its inhibitor HAI-1 in epithelial
ovarian cancer: Correlation with clinical outcome and tumor clinicopathological parameters. Clin. Cancer
Res. 2002, 8, 1101–1107. [PubMed]

15. Lee, J.W.; Yong Song, S.; Choi, J.J.; Lee, S.J.; Kim, B.G.; Park, C.S.; Lee, J.H.; Lin, C.Y.; Dickson, R.B.; Bae, D.S.
Increased expression of matriptase is associated with histopathologic grades of cervical neoplasia. Hum.
Pathol. 2005, 36, 626–633. [CrossRef] [PubMed]

16. Najy, A.J.; Won, J.J.; Movilla, L.S.; Kim, H.R. Differential tumorigenic potential and matriptase activation
between PDGF B versus PDGF D in prostate cancer. Mol. Cancer Res. 2012, 10, 1087–1097. [CrossRef]
[PubMed]

17. Bocheva, G.; Rattenholl, A.; Kempkes, C.; Goerge, T.; Lin, C.Y.; D’Andrea, M.R.; Ständer, S.; Steinhoff, M.
Role of matriptase and proteinase-activated receptor-2 in nonmelanoma skin cancer. J. Invest. Dermatol. 2009,
129, 1816–1823. [CrossRef] [PubMed]

18. Mukai, S.; Yorita, K.; Kawagoe, Y.; Katayama, Y.; Nakahara, K.; Kamibeppu, T.; Sugie, S.; Tukino, H.;
Kamoto, T.; Kataoka, H. Matriptase and MET are prominently expressed at the site of bone metastasis in
renal cell carcinoma: Immunohistochemical analysis. Hum. Cell 2015, 28, 44–50. [CrossRef] [PubMed]

19. Kataoka, H.; Miyata, S.; Uchinokura, S.; Itoh, H. Roles of hepatocyte growth factor (HGF) activator and
HGF activator inhibitor in the pericellular activation of HGF/scatter factor. Cancer Metastasis Rev. 2003, 22,
223–236. [CrossRef] [PubMed]

20. Ha, S.Y.; Kim, K.Y.; Lee, N.K.; Kim, M.G.; Kim, S.H. Overexpression of matriptase correlates with poor
prognosis in esophageal squamous cell carcinoma. Virchows Arch. 2014, 464, 19–27. [CrossRef] [PubMed]

21. Kanemaru, A.; Yamamoto, K.; Kawaguchi, M.; Fukushima, T.; Lin, C.Y.; Johnson, M.D.; Camerer, E.;
Kataoka, H. Deregulated matriptase activity in oral squamous cell carcinoma promotes the infiltration of
cancer-associated fibroblasts by paracrine activation of protease-activated receptor 2. Int. J. Cancer 2017, 140,
130–141. [CrossRef] [PubMed]

22. Sun, P.; Jiang, Z.; Chen, X.; Xue, L.; Mao, X.; Ruan, G.; Song, Y.; Mustea, A. Decreasing the ratio of
matriptase/HAI-1 by downregulation of matriptase as a potential adjuvant therapy in ovarian cancer. Mol.
Med. Rep. 2016, 14, 1465–1474. [CrossRef] [PubMed]

23. Trusolino, L.; Bertotti, A.; Comoglio, P.M. MET signalling: Principles and functions in development, organ
regeneration and cancer. Nat. Rev. Mol. Cell Biol. 2010, 11, 834–848. [CrossRef] [PubMed]

24. Benvenuti, S.; Comoglio, P.M. The MET receptor tyrosine kinase in invasion and metastasis. J. Cell Physiol.
2007, 213, 316–325. [CrossRef] [PubMed]

25. Mukai, S.; Yorita, K.; Yamasaki, K.; Nagai, T.; Kamibeppu, T.; Sugie, S.; Kida, K.; Onizuka, C.; Tsukino, H.;
Kamimura, T.; et al. Expression of human kallikrein 1-related peptidase 4 (KLK4) and MET phosphorylation
in prostate cancer tissue: Immunohistochemical analysis. Hum. Cell 2015, 28, 133–142. [CrossRef] [PubMed]

26. Betsunoh, H.; Mukai, S.; Akiyama, Y.; Fukushima, T.; Minamiguchi, N.; Hasui, Y.; Osada, Y.; Kataoka, H.
Clinical relevance of hepsin and hepatocyte growth factor activator inhibitor type 2 expression in renal cell
carcinoma. Cancer Sci. 2007, 98, 491–498. [CrossRef] [PubMed]

27. Suda, K.; Mizuuchi, H.; Maehara, Y.; Mitsudomi, T. Acquired resistance mechanisms to tyrosine kinase
inhibitors in lung cancer with activating epidermal growth factor receptor mutation-diversity, ductility, and
destiny. Cancer Metastasis Rev. 2012, 31, 807–814. [CrossRef] [PubMed]

http://dx.doi.org/10.2119/2006-00022.List
http://www.ncbi.nlm.nih.gov/pubmed/16838070
http://www.ncbi.nlm.nih.gov/pubmed/8983076
http://dx.doi.org/10.1038/nrd2530
http://www.ncbi.nlm.nih.gov/pubmed/18511928
http://dx.doi.org/10.1016/j.urology.2016.12.006
http://www.ncbi.nlm.nih.gov/pubmed/28013036
http://dx.doi.org/10.1002/jcp.22877
http://www.ncbi.nlm.nih.gov/pubmed/21678412
http://www.ncbi.nlm.nih.gov/pubmed/11948120
http://dx.doi.org/10.1016/j.humpath.2005.03.003
http://www.ncbi.nlm.nih.gov/pubmed/16021568
http://dx.doi.org/10.1158/1541-7786.MCR-12-0071
http://www.ncbi.nlm.nih.gov/pubmed/22689130
http://dx.doi.org/10.1038/jid.2008.449
http://www.ncbi.nlm.nih.gov/pubmed/19242518
http://dx.doi.org/10.1007/s13577-014-0101-3
http://www.ncbi.nlm.nih.gov/pubmed/25186085
http://dx.doi.org/10.1023/A:1023051500010
http://www.ncbi.nlm.nih.gov/pubmed/12784998
http://dx.doi.org/10.1007/s00428-013-1504-3
http://www.ncbi.nlm.nih.gov/pubmed/24248283
http://dx.doi.org/10.1002/ijc.30426
http://www.ncbi.nlm.nih.gov/pubmed/27615543
http://dx.doi.org/10.3892/mmr.2016.5435
http://www.ncbi.nlm.nih.gov/pubmed/27356668
http://dx.doi.org/10.1038/nrm3012
http://www.ncbi.nlm.nih.gov/pubmed/21102609
http://dx.doi.org/10.1002/jcp.21183
http://www.ncbi.nlm.nih.gov/pubmed/17607709
http://dx.doi.org/10.1007/s13577-015-0114-6
http://www.ncbi.nlm.nih.gov/pubmed/25862631
http://dx.doi.org/10.1111/j.1349-7006.2007.00412.x
http://www.ncbi.nlm.nih.gov/pubmed/17309599
http://dx.doi.org/10.1007/s10555-012-9391-7
http://www.ncbi.nlm.nih.gov/pubmed/22736441


Int. J. Mol. Sci. 2018, 19, 3708 13 of 13

28. Pennacchietti, S.; Cazzanti, M.; Bertotti, A.; Rideout, W.M.; Han, M.; Gyuris, J.; Perera, T.; Comoglio, P.M.;
Trusolino, L.; Michieli, P. Microenvironment-derived HGF overcomes genetically determined sensitivity to
anti-MET drugs. Cancer Res. 2014, 74, 6598–6609. [CrossRef] [PubMed]

29. Joffre, C.; Barrow, R.; Ménard, L.; Calleja, V.; Hart, I.R.; Kermorgant, S. A direct role for Met endocytosis in
tumorigenesis. Nat. Cell Biol. 2011, 13, 827–837. [CrossRef] [PubMed]

30. Szabo, R.; Bugge, T.H. Type II transmembrane serine proteases in development and disease. Int. J. Biochem.
Cell Biol. 2008, 40, 1297–1316. [CrossRef] [PubMed]

31. Kojima, K.; Tsuzuki, S.; Fushiki, T.; Inouye, K. Roles of functional and structural domains of hepatocyte
growth factor activator inhibitor type 1 in the inhibition of matriptase. J. Biol. Chem. 2008, 283, 2478–2487.
[CrossRef] [PubMed]

32. Lin, C.Y.; Wang, J.K.; Torri, J.; Dou, L.; Sang, Q.A.; Dickson, R.B. Characterization of a novel,
membrane-bound, 80-kDa matrix-degrading protease from human breast cancer cells. Monoclonal antibody
production, isolation, and localization. J. Biol. Chem. 1997, 272, 9147–9152. [CrossRef] [PubMed]

33. Benaud, C.M.; Oberst, M.; Dickson, R.B.; Lin, C.Y. Deregulated activation of matriptase in breast cancer cells.
Clin. Exp. Metastasis 2002, 19, 639–649. [CrossRef] [PubMed]

34. Zoratti, G.L.; Tanabe, L.M.; Hyland, T.E.; Duhaime, M.J.; Colombo, É.; Leduc, R.; Marsault, E.; Johnson, M.D.;
Lin, C.Y.; Boerner, J.; et al. Matriptase regulates c-Met mediated proliferation and invasion in inflammatory
breast cancer. Oncotarget 2016, 7, 58162–58173. [CrossRef] [PubMed]

35. Szabo, R.; Rasmussen, A.L.; Moyer, A.B.; Kosa, P.; Schafer, J.M.; Molinolo, A.A.; Gutkind, J.S.; Bugge, T.H.
c-Met-induced epithelial carcinogenesis is initiated by the serine protease matriptase. Oncogene 2011, 30,
2003–2016. [CrossRef] [PubMed]

36. Miyata, Y.; Sagara, Y.; Kanda, S.; Hayashi, T.; Kanetake, H. Phosphorylated hepatocyte growth factor
receptor/c-Met is associated with tumor growth and prognosis in patients with bladder cancer: Correlation
with matrix metalloproteinase-2 and -7 and E-cadherin. Hum. Pathol. 2009, 40, 496–504. [CrossRef] [PubMed]

37. Shimomura, T.; Denda, K.; Kitamura, A.; Kawaguchi, T.; Kito, M.; Kondo, J.; Kagaya, S.; Qin, L.; Takata, H.;
Miyazawa, K.; et al. Hepatocyte growth factor activator inhibitor, a novel Kunitz-type serine protease
inhibitor. J. Biol. Chem. 1997, 272, 6370–6376. [CrossRef] [PubMed]

38. Hu, C.; Jiang, N.; Wang, G.; Zheng, J.; Yang, W.; Yang, J. Expression of hepatocyte growth factor activator
inhibitor-1 (HAI-1) gene in prostate cancer: Clinical and biological significance. J. BUON. 2014, 19, 215–220.
[PubMed]

39. Parr, C.; Jiang, W.G. Hepatocyte growth factor activation inhibitors (HAI-1 and HAI-2) regulate HGF-induced
invasion of human breast cancer cells. Int. J. Cancer 2006, 119, 1176–1183. [CrossRef] [PubMed]

40. Nakamura, K.; Abarzua, F.; Kodama, J.; Hongo, A.; Nasu, Y.; Kumon, H.; Hiramatsu, Y. Expression of
hepatocyte growth factor activator inhibitors (HAI-1 and HAI-2) in ovarian cancer. Int. J. Oncol. 2009, 34,
345–353. [CrossRef] [PubMed]

41. Sun, P.; Xue, L.; Song, Y.; Mao, X.; Chen, L.; Dong, B.; Braicu, E.L.; Sehouli, J. Regulation of matriptase and
HAI-1 system, a novel therapeutic target in human endometrial cancer cells. Oncotarget 2018, 9, 12682–12694.
[CrossRef] [PubMed]

42. Zheng, Q.; Wu, H.; Cao, J.; Ye, J. Hepatocyte growth factor activator inhibitor type-1 in cancer: Advances
and perspectives (Review). Mol. Med. Rep. 2014, 10, 2779–2785. [CrossRef] [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1158/0008-5472.CAN-14-0761
http://www.ncbi.nlm.nih.gov/pubmed/25217525
http://dx.doi.org/10.1038/ncb2257
http://www.ncbi.nlm.nih.gov/pubmed/21642981
http://dx.doi.org/10.1016/j.biocel.2007.11.013
http://www.ncbi.nlm.nih.gov/pubmed/18191610
http://dx.doi.org/10.1074/jbc.M709073200
http://www.ncbi.nlm.nih.gov/pubmed/18048349
http://dx.doi.org/10.1074/jbc.272.14.9147
http://www.ncbi.nlm.nih.gov/pubmed/9083044
http://dx.doi.org/10.1023/A:1020985632550
http://www.ncbi.nlm.nih.gov/pubmed/12498394
http://dx.doi.org/10.18632/oncotarget.11262
http://www.ncbi.nlm.nih.gov/pubmed/27528224
http://dx.doi.org/10.1038/onc.2010.586
http://www.ncbi.nlm.nih.gov/pubmed/21217780
http://dx.doi.org/10.1016/j.humpath.2008.09.011
http://www.ncbi.nlm.nih.gov/pubmed/19121849
http://dx.doi.org/10.1074/jbc.272.10.6370
http://www.ncbi.nlm.nih.gov/pubmed/9045658
http://www.ncbi.nlm.nih.gov/pubmed/24659667
http://dx.doi.org/10.1002/ijc.21881
http://www.ncbi.nlm.nih.gov/pubmed/16557597
http://dx.doi.org/10.3892/ijo_00000157
http://www.ncbi.nlm.nih.gov/pubmed/19148468
http://dx.doi.org/10.18632/oncotarget.23913
http://www.ncbi.nlm.nih.gov/pubmed/29560101
http://dx.doi.org/10.3892/mmr.2014.2628
http://www.ncbi.nlm.nih.gov/pubmed/25310042
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Immunohistochemical Study 
	Expression of MET, Phospho-MET, Matriptase and HAI-1 in Cancer Tissue 
	Correlation between Pathological T Stage and Expression of Each Molecule 
	Correlation between Matriptase, HAI-1 and Phospho-MET 
	Cancer-Specific Survival According to the Expression of Each Molecule 


	Discussion 
	Materials and Methods 
	Immunohistochemistry and Analysis 
	Statistical Analysis 

	Conclusions 
	References

