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Matrix metalloproteinase 9 (MMP-9) is recognized for its ability to promote tumor invasion and
metastasis. However, its role and that of a novel regulator of MMP-9, reversion-inducing-cysteine-rich
protein with kazal motifs (RECK), have not been explored in cutaneous squamous cell carcinoma (SCC).
We investigated expression of MMP-9 and RECK in SCC to determine the clinical significance of their
expression and potential uses for diagnostic, prognostic and therapeutic approaches.
Immunohistochemistry was used to analyze expression in 36 SCC and 13 healthy skin samples
collected at our hospital. RECK expression was detected in 33.3% of SCC samples, significantly fewer
than for control samples (84.6%, P<0.05). In contrast, MMP-9 was expressed in 77.8% of SCC samples,
significantly more than in control samples (30.8%, P<0.05). RECK and MMP-9 expression in SCC
samples were negatively correlated (r = -0.406, P<0.05). Furthermore, negative RECK and positive MMP9 expression in SCC tissues were correlated with differentiation degree and lymph node metastasis
(P<0.05) but not with gender or age. Thus, low/absent expression of RECK and increased expression of
MMP-9 correspond to increased disease severity. These proteins may play opposing roles in
pathogenesis of SCC and may serve as future diagnostic or prognostic markers. Therefore RECK
should be further investigated for therapeutic potential as an MMP-9 inhibitor.
Key words: Cutaneous squamous cell carcinoma, RECK, MMP-9, immunohistochemistry, clinicopathological
parameter.
INTRODUCTION

Skin squamous cell carcinoma (SCC), a malignant tumor
derived from keratinocytes in epithelial tissues, accounts
for 20% of skin tumors (Bradford, 2009). Invasion and
metastasis of SCC result in poor prognosis and even
death. For any tumor, invasion and metastasis begin with
destruction of the basement membrane and degradation
of extracellular matrix (ECM). These actions require
(MMP-9) (Ivaska and Heino, 2000; Loukopoulos et al.,
2003). MMP-9 and related proteins are required for skin
cell proliferation and wound healing (Philips et al., 2011).
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However, overexpression of MMP-9 has been shown to
promote aging and carcinogenesis by destabilizing ECM
(Philips et al., 2011).
Interestingly, a recently discovered protein, reversioninducing-cysteine-rich protein with kazal motifs (RECK)
has been reported to act as a regulator of MMPs and
appears to inhibit expression of MMP-9, preventing tumor
invasion and metastasis (Namwat et al., 2011; Chang et
al., 2008). RECK expression has been detected in skin
cells (Zibert et al., 2010). Thus, this protein may possess
a therapeutic potential for preventing invasion and
metastasis of SCC by inhibiting MMP-9 activity.
To determine the roles of both MMP-9 and RECK in
SCC, we used immunohistochemistry to detect their
expression in 36 SCC tissue samples and 13 normal skin
samples. We sought to establish the relationship between
RECK and MMP-9 expression as well as the correlation
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Figure 1. Positive expression of RECK and MMP-9 in SCC tissues (×400). MMP-9, Matrix metalloproteinase 9;
SCC, squamous cell carcinoma; RECK, reversion-inducing-cysteine-rich protein with kazal motifs.

of their expression with clinicopathological parameters of
SCC to provide novel insight into SCC diagnosis,
prognosis and treatment.
MATERIALS AND METHODS
Sample collection
Skin specimens were collected from 36 patients who had been
pathologically diagnosed with SCC at the First Affiliated Hospital of
Harbin Medical University. Each case had detailed clinical data and
did not receive preoperative chemotherapy or radiotherapy. Study
population included 15 males and 21 females ranging in age from
42 to 71 years (mean age = 58.1±7.6 years). Cases were classified
according to World Health Organization (WHO) pathological criteria,
as follows: highly differentiated in 15 cases, moderately
differentiated in 12 cases, and poorly differentiated in nine cases;
and no lymph node metastasis in 22 cases and metastasis in 14
cases. In addition, 13 normal skin samples were obtained from
cutting edge during out-patient surgery for controls.

Sections were counterstained with haematoxylin, dehydrated
through an ethanol gradient, and sealed with neutral gum. Known
positive tissues were used as a positive control, and PBS was used
in place of primary antibodies as a negative control.
RECK and MMP-9 are visualized as brownish-yellow granules in
cytoplasm. To score staining, 10 high-power fields were analyzed
per sample and samples were classified by intensity as follows:
samples with no visible staining received a 0, pale yellow staining
received a 1, yellow staining received a 2, and brownish-yellow
received a 3. Additionally, the percentage of positively-staining cells
was determined from the total number of tumor cells, and samples
were assigned scores as follows: ≤5% of tumor cells positive was
assigned a 0, 6 to 25% positive was assigned a 1, 26 to 50%
positive was assigned a 2, 51 to 75% was assigned a 3, and ≥76%
positive was assigned a 4. Total scores for each case represent the
sum of scores from staining intensity and from the percentage of
positively-stained cancer cells, with total scores of 0 represented as
(-), total scores of one to two represented as (+), total scores of
three to five represented as (++), and total scores of six to seven
represented as (+++).

Statistical methods
Immunohistochemistry
Tissues were fixed in neutral formalin, dehydrated and embedded in
paraffin by conventional methods. Samples were sectioned (4 μM
thickness) and collected on glass slides. Sections were then
dewaxed for 5 min with dimethylbenzene, rehydrated through an
alcohol gradient, rinsed in distilled water, soaked for 5 min in
phosphate buffered saline (PBS) and heated for antigen retrieval.
Upon cooling, 3% hydrogen peroxide solution was used to block
endogenous peroxidase activity. Slides were sealed with nonspecific serum and then placed in a wet box and incubated for 10
min at room temperature. Primary antibodies against MMP-9 or
RECK [mouse anti-human monoclonal (MMP-9) or rabbit antihuman polyclonal (RECK) antibodies, Santa Cruz Biotechnology]
were added to the wet box prior to overnight incubation at 4°C.
Slides were washed with PBS three times before the addition of
biotinylated secondary antibodies and incubated for 30 min at room
temperature. Finally, the slides were washed with PBS three times
prior to addition of streptococcus avidin-peroxidase (SP kit, Fuzhou
Maixim Bio-technology Development Co., Ltd) and incubated at
37°C for 30 min. Diaminobenzidine (DAB; Fuzhou Maixim Biotechnology Development Co., Ltd) was used to develop staining.

SPSS17.0 statistical software was used for statistical analysis. χ2
test was used to compare expression of RECK and MMP-9 among
groups and Spearman rank correlation was used to analyze
correlation between RECK and MMP-9 expression. Analyses were
two-sided, with alpha level of 0.05 and P<0.05 considered
statistically significant.

RESULTS
RECK and MMP-9 expression in SCC
RECK and MMP-9 were both detected in normal and
SCC skin samples as brownish-yellow granules in the
cytoplasm (Figure 1). RECK protein was detected in
12/36 cases (33.3%; Table 1) of SCC, a significantly
lower proportion than for normal skin samples (11/13,
2
84.6%; χ =10.172, P<0.05). In contrast, MMP-9 was
expressed in 28/36 cases (77.8%; Table 2) of SCC,
compared to just 4/13 (30.8%) normal skin samples. This
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Table 1. Expression of RECK in SCC and normal skin samples [n (%)].

Skin sample
SCC
Normal
Total

n
36
13
49

24 (66.7)
2 (15.4)
26 (53.1)

+
3 (8.3)
3 (23.1)
6 (12.2)

++
5 (13.9)
4 (30.8)
9 (18.4)

+++
4 (11.1)
4 (30.8)
8 (16.3)

++
11 (30.6)
0
11 (22.4)

+++
7 (19.4)
0
7 (14.3)

2

χ =10.172, p=0.017. SCC, squamous cell carcinoma.

Table 2. Expression of MMP-9 in SCC and normal skin samples [n (%)].

Skin sample
SCC
Normal
Total

n
36
13
49

8 (22.2)
9 (69.2)
17 (34.7)

+
10 (27.8)
4 (30.8)
14 (28.6)

2

χ =12.613, p=0.006. SCC, squamous cell carcinoma; n, number of samples.

Table 3. Correlation between RECK and MMP-9 expression in SCC samples.

RECK

n

+
++
+++
Total

24
3
5
4
36

3 (12.5)
3 (100.0)
1 (20.0)
1 (25.0)
8 (22.2)

MMP-9 [n (%)]
+
++
5 (20.8)
10 (41.7)
0
0
2 (40.0)
1 (20.0)
3 (75.0)
0
10 (27.8)
11 (30.6)

+++
6 (25.0)
0
1 (20.0)
0
7 (19.4)

r = -0.406, p=0.014. MMP-9, Matrix metalloproteinase 9; RECK, reversion-inducing-cysteine-rich protein with kazal
motifs. n, number of samples.

difference in MMP-9 expression was also statistically
significant (χ2=12.613, P<0.05). Further, RECK expression and MMP-9 expression in SCC tissues were
negatively correlated (r = -0.406, P<0.05; Table 3).
RECK and MMP-9 expression and clinicopathological
parameters
To determine whether the altered expression of RECK
and MMP-9 in SCC samples are associated with disease
severity, we assessed expression in comparison with
various clinicopathological parameters. RECK (Table 4)
and MMP-9 (Table 5) expression in SCC tissues was
correlated with degree of differentiation and lymph node
metastasis (both P<0.05), but not with gender or age. For
RECK, samples with low or absent expression tended to
have higher differentiation degree and/or metastasis. In
contrast, for MMP-9, samples with higher expression had
higher differentiation degree and/or metastasis.
DISCUSSION
The

RECK

gene was initially isolated as a novel

transforming and suppressor gene from a cDNA
expression library transfected into v-Ki-ras-transformed
NIH3T3 cells by Takahashi et al. (1998). Highly conserved in Drosophila, mice, and humans, RECK mRNAs
were detected in many normal human tissues and cell
lines (Eisenberg et al., 2002). However, Takahashi et al.
(1998) reported that RECK was not expressed in cancer
cell lines or transformed cell lines. Thus, RECK is
typically expressed only in normal cells, not tumor cells
(Mori et al., 2007); this feature may allow RECK to be
used as a novel diagnostic indicator with high sensitivity
and specificity. Indeed, RECK has been explored as a
diagnostic marker in cancers other than SCC. Moreover,
RECK expression is lower in human breast (Span et al.,
2003) and gastric (Song et al., 2006) cancers than in
normal tissues. Our findings of reduced RECK
expression in SCC samples support this previous work.
Additionally, the apparent tumor-suppressing activity of
RECK holds some promise as a potential therapy for
cancer. Studies have shown that invasion and metastasis
capabilities are inhibited in cell lines transfected with
RECK (Petruzzelli et al., 1998). Restoring RECK expression in cells otherwise not expressing the protein results
in inhibition of tumor progression. Human studies
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Table 4. Correlation between expression of RECK and clinicopathological parameters in SCC samples [n (%)].
2

Parameter
Gender
Male
Female

n

-

+

++

+++

χ

15
21

10 (66.7)
14 (66.7)

2 (13.3)
1 (4.8)

3 (20.0)
2 (9.5)

0
4 (19.0)

4.320

0.229

Age (years)
<60
≥60

16
20

11 (68.8)
13 (65.0)

2 (12.5)
1 (5.0)

3 (18.8)
2 (10.0)

0
4 (20.0)

4.309

0.230

Pathological grade
High
Middle
Low

15
12
9

5 (33.3)
11 (91.7)
8 (88.9)

2 (20.0)
0
0

3 (20.0)
1 (8.3)
1 (11.1)

4 (26.7)
0
0

14.8112

0.022

Lymph node metastasis
No
Yes

22
14

11 (50.0)
13 (92.9)

2 (9.1)
1 (7.1)

5 (22.7)
0

4 (18.2)
0

8.123

0.044

P

RECK, reversion-inducing-cysteine-rich protein with kazal motifs; SCC, squamous cell carcinoma.

Table 5. Correlation between expression of MMP-9 and clinicopathological parameters in SCC samples [n (%)].
2

Parameter
Gender
Male
Female

n

-

+

++

+++

χ

15
21

5 (33.3)
3 (14.3)

2 (20.0)
7 (33.3)

4 (26.7)
7 (33.3)

3 (20.0)
4 (19.0)

2.120

0.548

Age (years)
<60
≥60

16
20

3 (18.8)
5 (25.0)

3 (18.8)
7 (35.0)

6 (37.5)
5 (25.0)

4 (25.0)
3 (15.0)

1.913

0.591

Pathological grade
High
Middle
Low

15
12
9

8 (53.3)
0
0

7 (46.7)
3 (25.0)
0

0
8 (66.7)
3 (33.3)

0
1 (8.3)
6 (66.7)

39.387

0.001

Lymph node metastasis
No
Yes

22
14

6 (27.3)
2 (14.3)

10 (45.5)
0

5 (22.7)
6 (42.9)

1 (4.5)
6 (42.9)

14.887

0.002

P

MMP-9, Matrix metalloproteinase 9; SCC, squamous cell carcinoma.

corroborate these findings. Van der Jaqt et al. (2006) in a
study of 63 surgically-resected colorectal cancer
specimens, reported reduced RECK mRNA expression in
tumors compared to normal tissues. In addition,
expression was not correlated with tumor size, lymph
node metastasis, or distant metastasis. Masui et al.
(2003) while studying 50 surgically-resected pancreatic
cancer specimens, reported that RECK protein
expression was lower than in adjacent normal tissues.
Additionally, the invasiveness of tumors with positive

expression was weaker compared to those not
expressing RECK. In fact, patients with high RECK
expression in their tumor samples had significantly better
prognosis and long-term survival compared to those
without RECK expression. Our results reveal that RECK
expression in skin SCC samples correlate with tissue
differentiation and lymph node metastasis, specifically, as
in pancreatic cancer, those samples with low or absent
RECK expression had increased disease severity. These
findings indicate that RECK is suppressed during the
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development and progression of skin SCC.
MMP-9 has been recognized as a tumor promoter
(thanks to its ability to degrade type IV collagen-a critical
component of ECM and basement membranes (Newby,
2005)) to promote endothelial cell migration and tumor
angiogenesis, and to regulate cell adhesion during tumor
cell metastasis (Sato et al., 1993; O'Grady et al., 2007).
Consistent with findings in other tumor types, we found
that MMP-9 expression is significantly higher in skin SCC
than in normal skin samples. To our knowledge, this is the
first report of MMP-9 expression in skin SCC. Additionally,
MMP-9 expression in skin SCC correlates with tumor
differentiation and lymph node metastasis. Thus, the
overexpression of MMP-9 in skin SCC appears to
promote the development and progression of SCC. This
information may allow MMP-9 to be developed into a
diagnostic and prognostic marker of SCC.
Importantly, research has shown that RECK negatively
regulates MMP-9, both in vitro and in vivo, inhibiting
MMP-9 secretion and activation and subsequently,
reducing lung cancer cell metastasis (Takagi et al., 2009;
Chang et al., 2008, Buhmeida et al., 2009). Indeed, our
results show that RECK and MMP-9 expressions are
negatively correlated in skin SCC, consistent with results
observed in nasopharyngeal carcinoma studies (Li and
Deng, 2010). These results suggest that reduced RECK
expression allows MMP-9 to be overexpressed, leading
to disease progression. Therefore, developing RECK as a
therapeutic molecule to inhibit MMP-9 and reduce tumor
differentiation and metastasis represents an important
avenue for future research.
In summary, reduced RECK expression and increased
MMP-9 expression in skin SCC promotes the progression
and metastasis of SCC. Thus, RECK and MMP-9 should
be explored for use as diagnostic and prognostic markers
of skin SCC. RECK also warrants investigation as a
potential therapeutic molecule targeting MMP-9.
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