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Expression cloning was used to initially isolate the reversion-
inducing cysteine-rich protein with Kazal motifs (RECK) gene as a
suppressor of transformation. The gene was found to encode a
membrane-anchored regulator of MMPs. Experimental studies
showed that RECK can suppress tumor invasion, metastasis, and
angiogenesis. However, the clinical impact of RECK remains
unclear. To assess the clinical significance of RECK expression in
invasive breast cancer, a total of 119 patients with invasive
breast cancer were retrospectively examined. Expression of RECK
in tumor tissues was assessed by immunohistochemical staining.
A significant correlation between RECK expression and 5-year
survival rate was documented. The 5-year survival rate for
patients with strong RECK expression was significantly higher
than that for patients with weakly expressing tumors. Univariate
and multivariate analyses confirmed that reduced RECK expres-
sion was an independent and significant factor in predicting a
poor prognosis. In conclusion, RECK expression is a significant
prognostic factor correlated with long-term survival for patients
with invasive breast cancer. RECK expression is therefore a
potentially useful prognostic marker for breast cancer. (Cancer
Sci 2012; 103: 1084–1089)

M etastatic disease, rather than the primary tumor itself, is
responsible for death in most solid tumors, including

breast cancer.(1–3) The metastatic process involves a complex
cascade of events, including the organized breakdown of the
ECM by MMPs.(4,5) The MMPs are able to degrade all ECM
components. Each ECM element is cleaved by a specific MMP
or MMP group.(6) Recently, a novel MMP inhibitor, reversion-
inducing cysteine-rich protein with Kazal motifs (RECK), was
identified by screening a fibroblast expression library for
cDNAs that changed the round morphology of v-Ki-ras-trans-
formed NIH3T3 cells into a non-transformed flat morphol-
ogy.(7–9) RECK is a membrane-anchored glycoprotein of
approximately 110 kDa that contains multiple epidermal
growth factor-like repeats and serine protease inhibitor-like
domains.(10) However, RECK has no structural homology with
tissue inhibitors of matrix metalloproteinase, the major endoge-
nous regulators of MMPs. RECK is expressed in various
normal human tissues but was described as undetectable in
tumor-derived cell lines and oncogenically transformed
cells.(10) Previous studies revealed that RECK could inhibit
MMP-2, MMP-9, and membrane type 1 MMP (MMP-14)
secretion and activity by an as yet unknown mechanism.(11,12)

Due to these functions, RECK is able to inhibit tumor angio-
genesis, invasion, and metastasis.(10–13) Furthermore, increased
transcriptional expression of RECK in tumor cells compared
with concomitant normal tissue cells is correlated with pro-
longed survival in patients with hepatocellular carcinoma,(14)

pancreatic cancer,(15) colorectal cancer,(16) non-small-cell lung
cancer,(17) and gastric cancer.(18) In this study, using immuno-
histochemical staining, we analysed RECK expression levels

in patients with breast cancer and compared these data with
the clinicopathological features of these patients. To our
knowledge, the current study is the first to investigate the
expression of RECK immunohistochemically in relation to
clinicopathological features and survival in a large number of
patients with breast adenocarcinoma.

Materials and Methods

Patients and tissue specimens. This study used archival mate-
rial from the Department of Pathology at the Third Affiliated
Hospital of Harbin Medical University (Harbin, China). Breast
cancer tissue specimens were obtained from patients undergo-
ing primary mastectomies at the institution from January 1,
2003 to December 31, 2004. Pathologists diagnostically exam-
ined tumor and benign breast tissues removed from these
patients. The benign tissues were confirmed to be free from
tumor deposits. The most important inclusion criterion for the
patients was presence of primary, unilateral, and operable infil-
trating ductal carcinomas. Among exclusion criteria were dis-
tant metastasis at the time of diagnosis, locally advanced
disease, inflammatory carcinoma, and synchronous bilateral
breast cancer. The pathologist measured the tumors in millime-
ters at the largest diameter of the invasive carcinoma. All
archival tumor blocks of each tumor were initially assessed by
H&E staining to select a tumor block with an invasive carci-
noma and to include the tumor border and a cross-sectional
area as large as possible. Sections from the paraffin blocks
(4 lm thick) were mounted on ChenMate slides (ZSGB-Bio,
Beijing, China). Morphology and protein expression were eval-
uated in consecutive sections. Histological classification of
tumors was based on World Health Organization criteria
(Table 1). All protocols were reviewed and approved by the
Ethical Committee of Harbin Medical University. Written con-
sent was obtained from all participating patients.

Follow-up. Clinical and pathological records of all patients
in the study were reviewed periodically. Patients were fol-
lowed regularly for 5 years at the Third Affiliated Hospital of
Harbin Medical University. Clinical records were obtained
from the follow-up department of the hospital. All patients
were followed until death or the study closing date (October
10, 2010). Disease-free survival (DFS), which measured the
first recurrence at any site, and overall survival (OS), which
measured death from any case, were the two assessments used
for prognostic analyses.
Patients were seen (history, physical examination, routine

laboratory investigations) once every 3 months during the first
2 years, once every 6 months for 5 years, and once every
year after that. An X-ray mammography was carried out once
a year or when disease recurrence was suspected. Magnetic
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resonance imaging was also used when disease recurrence was
suspected. During the follow-up period, 76 patients had disease
recurrence and 55 patients died. Contralateral breast carcinoma
or second malignancies were not considered to be cases of
recurrent disease.

Determination of RECK. Immunohistochemical staining was
carried out using the two-step plus poly-HRP method as
described previously.(9) Briefly, one representative section of
the tissue was cut at 4 lm and placed on poly-L-lysine coated
slides. The slides were deparaffinized, dehydrated, immersed
in 10 mM sodium citrate buffer (pH 6.0) and pretreated in a
microwave oven for 10 min. This was followed by a 10-min
rinse with PBS. After blocking with 3% hydrogen peroxide for
10 min at room temperature, the slides were incubated at 4°C
overnight with primary anti-RECK antibody (1:50 goat mAb;
Santa Cruz Biotechnology, Santa Cruz, CA, USA). Afterwards,
the slides were stained with the two-step plus poly-HRP anti-
goat IgG detection system (ZSGB-Bio, Beijing, China). After
visualization of the reaction with DAB chromogen, the slides
were counterstained with hematoxylin and covered with a
glycerin gel. For negative controls, the primary antibody was
substituted with PBS in order to confirm the specificity of the
primary antibody.

Evaluation of immunohistochemical staining. Two blinded,
experienced investigators, who provided a consensus opinion
of stain patterns by light microscopy, evaluated sections.
RECK expression was estimated from the staining intensity
and graded as follows: Grade 0, no staining; Grade 1, faint
staining; Grade 2, moderate staining; and Grade 3, strong

staining. The positively stained area (distribution) was
expressed as the percentage of the whole area under evaluation
and scored as follows: 0, no staining; 1, 1–25% positive cells;
2, 26–50% positive cells; 3, 51–75% positive cells; and 4,
76–100% positive cells. Overall expression was then graded as
low expression (score 0–2), intermediate expression (score 3–
5), and high expression (score 6–7). Patients were classified
into two groups according to RECK expression. Patients show-
ing high expression were classified as RECK positive and the
remainder as RECK negative.

Statistical analysis. All analyses were carried out using the
statistical software SPSS 13.0 (SPSS, Chicago, IL, USA). The
correlation of RECK immunoreactivity with patients’ clinico-
pathological variables was analysed by the chi-square test or
Fisher’s exact test. The Kaplan–Meier method was used to
estimate OS. Survival differences according to RECK expres-
sion were analysed by the log–rank test. The influence of vari-
ables on survival was assessed using Cox univariate and
multivariate regression analyses. The risk ratio and its 95%
confidence interval were recorded for each marker. P-val-
ues < 0.05 were considered statistically significant in all of the
analyses.

Results

Clinical results. A total of 119 patients with a mean age of
51 years (range, 29–73 years; median, 49 years) were enrolled
in the study. The mean follow-up period was 59 months
(range, 3–169 months; median, 60 months). Fifty-five patients
(46.2%) died, and 64 patients (53.8%) were alive at the time
of study completion. Twenty-two patients (18.5%) were at
stage I, 48 patients (40.3%) were at stage II, 47 patients
(39.5%) were at stage III, and two patients (1.7%) were at
stage IV. Thirteen patients were classified as grade I, 69 were
grade II, and the remaining patients were grade III. Lymph
node metastases were present in 65 patients (54.6%).

Immunohistochemical pattern of RECK expression in normal
tissue and carcinoma. RECK was detected in the cytoplasm of
normal acinar and ductal cells (Fig. 1a). Of the 119 breast can-
cer specimens, 56 patients were classified as RECK positive
(Fig. 1b,c) and the remainder (n = 63) as RECK negative
(Fig. 1d). We also showed positive RECK staining in 18
(81%) of the 22 stage I patients, 28 (58.3%) of the 48 stage II
patients, 10 (21.2%) of the 47 stage III patients, and in none
of the stage IV patients. In contrast, RECK was positive in 11
(84.6%) of the 13 grade I tumors, 30 (43.4%) of the 69 grade
II tumors, and 15 (45.9%) of the 37 grade III tumors. These
data indicate that the frequency of RECK expression was
much higher in high-grade than in low-grade breast cancer.

RECK expression in relation to prognosis. We used the Not-
tingham prognostic index (NPI)(19) as an indicator to evaluate
the patient’s prognosis. The NPI range was 2.3–7.4, with a
median survival value of 4.6. Patients with a good prognosis
formed the NPI-1 group (n = 25), with an NPI of 3.4. Patients
with a moderate prognosis formed the NPI-2 group (n = 51),
with an NPI of 3.4–5.4, and patients with a poor prognosis
formed the NPI-3 group (n = 43), with an NPI of 5.4. We
found a significant association between RECK expression lev-
els and NPI status using the Kruskal–Wallis test (P = 0.010)
(Table 2).

RECK expression and survival status. We used an average
5-year follow-up period to assess the survival of breast cancer
patients in the context of RECK expression levels. Patients
were divided into two groups on the basis of their prognosis.
The good prognosis group (n = 43) comprised patients who
remained disease-free, and the poor prognosis group (n = 76)
comprised patients who had recurrence, metastasis to a dis-
tant site, or had died as a result of breast cancer. Our results

Table 1. Clinical characteristics of patients with breast carcinoma

Variables No. of cases

Age (years)

Median 49

Range 29–73

Lymph node metastasis

Negative 54

Positive 65

TNM stage

I 22

II 48

III 47

IV 2

Histologic grade

G1 13

G2 69

G3 37

Tumor size (cm)

Mean 3

Median 3

Range 1–7

Estrogen receptor

Negative 46

Positive 73

Progesterone receptor

Negative 52

Positive 67

HER-2

IHC 0–1+ 92

IHC 2+ 9

IHC 3+ 18

NPI

1 25

2 51

3 43

NPI, Nottingham prognostic index.
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indicated that patients with a poor prognosis had low levels of
RECK expression (P = 0.004) (Table 2).

Correlations between RECK expression and various clinicopath-
ological features. Correlations between RECK expression and
various clinicopathological features are summarized in
Table 3. We did not find significant correlations between
RECK expression and age, menopausal status, adjuvant treat-
ment, tumor size, estrogen receptor (ER) expression, progester-
one receptor (PR) expression, or HER-2 expression. RECK
expression, however, was significantly associated with lymph
node metastasis (P = 0.002) and histopathological grading
(P = 0.006). Lymph node negative patients had higher RECK
expression (34/54, 62.9%) than lymph node positive patients
(22/65, 33.8%). We also found that low histopathological
grade (G1) breast cancer patients had higher RECK expression
(11/13, 84.6%) than high histopathological grade (G2–G3)
breast cancer patients (45/106, 42.5%).

Univariate and multivariate analyses of RECK expression and
clinicopathological variables. Univariate analysis of OS using
Cox regression analysis identified Reck-positive expression
(P = 0.001), tumor diameter (P = 0.015), lymph node metasta-
sis (P = 0.007), pathological TNM stage (P = 0.018), and ER
(P = 0.016) and PR status (P = 0.010) as significant prognos-

tic predicators. Age, menopausal status, and histopathological
grade had no prognostic value. Multivariate analysis was car-
ried out on the same set of patients for RECK expression and
pathological predictors for survival time using the Cox regres-
sion model. The results indicated that RECK status (risk ratio,
2.304; P = 0.012), ER status (risk ratio, 1.914; P = 0.023),
and PR status (risk ratio, 1.994; P = 0.017) were independent
favorable prognostic factors. Lymph node metastasis was an
independent unfavorable prognostic factor (risk ratio, 2.035;
P = 0.028) (Table 4).

Kaplan–Meier survival analysis. Kaplan–Meier survival curves
are shown in Figure 2. Among the 119 study patients, RECK-
positive patients showed higher DFS rates when compared
with RECK-negative patients (P = 0.002, log–rank test;
Fig. 2a). RECK-positive patients also had significantly higher
OS rates than RECK-negative patients (P < 0.001, log–rank
test; Fig. 2b).

Discussion

In this study, we showed, using immunohistochemical staining,
that RECK expression is suppressed in breast cancer tissue
when compared to normal tissue. Low RECK expression was
closely correlated with lymph node metastasis. Furthermore,
low RECK expression was a negative survival factor for breast
cancer.
A decrease in expression of RECK in various cancers was

reported. Our observations are consistent with reports on can-
cers of the liver, pancreas, breast, colon, and lung.(11–16) Previ-
ous studies(11–15) reported that RECK expression was lower in
cancer tissues than in normal tissues and that lower RECK
expression was correlated with a poor prognosis. In a previous
study of breast cancer, Span et al.(20) analyzed the RECK
expression by quantitative real-time RT-PCR. They showed
that reduced expression of RECK is a predictor of poor prog-
nosis in resected breast cancer. As the mRNA levels are not
always consistent with the protein expression, it is necessary
to evaluate the significance of RECK protein expression in
patients with breast cancer. In the present study, we used
immunohistochemical staining to examine RECK expression.
We confirmed that RECK protein levels were dramatically

(a) (b)

(c) (d)

Fig. 1. Immunohistochemical pattern of RECK expression in normal tissue and breast carcinoma. (a) RECK expression in benign breast disease.
(b) Strong RECK-positive cells in an invasive ductal breast cancer specimen. (c) RECK-positive cells in an invasive ductal breast cancer specimen.
(d) RECK-negative specimen.

Table 2. Correlation of RECK expression with breast cancer

prognosis

Variables
No. of

cases

RECK

Negative Positive
Score

range
Median

P-

value

NPI

1 25 5 20 2.30–3.36 3.30 0.010

2 51 25 26 3.60–5.30 4.40

3 43 33 10 5.60–7.40 6.20

Survival status

Good 43 15 28 nd nd 0.004

Poor 76 48 28 nd nd

nd, not done; NPI, Nottingham prognostic index.
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lower in breast cancer tissue compared with normal breast tis-
sue. We also analyzed relationships between RECK expression
and survival. RECK-positive patients showed higher 5-year
survival rates and DFS rates when compared with RECK-nega-
tive patients. These data, consistent with a previous study,
indicate that RECK was a marginally significant prognostic
factor in breast cancer. Furthermore, we evaluated the correla-

tion between RECK expression with various clinicopathologi-
cal features. We found that low histopathological grade breast
cancer patients had higher frequency of RECK expression (11/
13, 84.6%) than high histopathological grade breast cancer
patients (45/106, 42.5%) (P < 0.01). Additionally, RECK
expression was significantly associated with lymph node
metastasis (P = 0.002). Lymph node negative patients had
higher RECK expression (34/54, 62.9%) than lymph node
positive patients (22/65, 33.8%). To the best of our knowledge,
our study is the first to show a strong correlation between
decreased RECK expression with lymph node metastasis in
breast carcinoma. In a previous study, Hsu et al.(21) showed
that the HER-2/neu oncogene inhibits the expression of RECK
to promote cell invasion. Therefore, we discussed the relation-
ship between HER-2 and RECK expression. Among the 18
cases that were HER-2 positive, RECK expression was
reduced in 38.9% (7/18). However, no significant correlations
between RECK expression and HER-2 expression were
observed in our study (P = 0.573) (Table 3). Of note, we
found that approximately 15% of patients were HER-2 posi-
tive, which was much lower than the 20–25% found in coun-
tries such as North America and Europe Zhang et al.(22)

examined HER-2 expression in 5000 Chinese women with
breast cancer. In their study, HER-2 positive cases were
observed in 11.1% of patients. Our data are consistent with
previous studies that indicate there may be ethnic differences
in levels of HER-2 expression.
Cancer cell invasion comprises steps in the destruction of

the basement membrane and migration of cells into the con-
nective tissue. These cells further migrate into lymph ducts
and small vessels to create metastasis. The ECM provides a
microenvironment for cells, and its destruction is associated
with cancer cell invasion. Matrix metalloproteinases are a fam-
ily of Zn-dependent endopeptidases that, collectively, are capa-
ble of cleaving virtually all ECM substrates, and play an
important role in physiological and pathological processes,
including cancer cell metastasis.(23–25) RECK, as a gene which
suppresses transformation, can inhibit the process of tumor
invasion and metastasis though regulating the expression of
several MMPs. Many studies suggest that RECK inhibits the
activity of at least three MMP members, including MMP-2,
MMP-9, and MMP-14.(26–29) Both MMP-2 and MMP-9 have
the capacity to degrade native collagen type IV, a major com-
ponent of the basement membrane. Furthermore, MMP-2 and

Table 3. Correlation between RECK expression and various

clinicopathological features in breast cancer patients

Variables No. of cases
RECK

Negative Positive P-value

Age (years)

<50 60 31 29 0.855

� 50 59 32 27

Tumor size

pT1 40 16 24 0.080

pT2–T4 79 46 33

Menopausal status

Premenopausal 67 35 32 1.000

Postmenopausal 52 28 24

Histologic grade

G1 13 2 11 0.006

G2–G3 106 61 45

Lymph node status

N0 54 20 34 0.002

N1–N3 65 43 22

ER status

Positive 73 38 35 0.852

Negative 46 25 21

PR status

Positive 67 36 31 0.855

Negative 52 27 25

HER-2 status

Positive (IHC 3+) 18 7 11 0.573

Negative (IHC 1+) 92 35 57

Adjuvant systemic therapy

Yes 80 42 38 1.000

No 39 21 18

ER, estrogen receptor; NPI, Nottingham prognostic index; PR, proges-
terone receptor.

Table 4. Prognostic factors in Cox proportional hazards model

Variables Risk ratio Univariate 95% CI P-value Risk ratio Multivariate 95% CI P-value

Age (years)

� 50 /<50 0.976 0.560–1.699 0.931 nd nd 0.994

Menopausal status

Premenopausal/postmenopausal 1.219 0.700–2.123 0.485 nd nd 0.405

Histologic grade

G1/G2–G3 3.536 0.859–14.556 0.080 nd nd 0.478

Tumor size

pT1/pT2–T4 2.217 1.171–4.197 0.015 nd nd 0.238

Lymph node metastasis

N0/N1–N3 2.288 1.248–4.196 0.007 2.035 1.079–3.837 0.028

Pathologic stage (TNM)

I / II–IV 3.428 1.233–9.532 0.018 nd nd 0.614

Estrogen receptor

Negative/positive 1.979 1.136–3.447 0.016 1.914 1.094–3.349 0.023

Progesterone receptor

Negative/positive 2.089 1.194–3.653 0.010 1.994 1.134–3.506 0.017

RECK

Negative/positive 2.906 1.564–5.399 0.001 2.304 1.204–4.408 0.012

nd, not done.
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MMP-9 are also involved in the processes of cell differentiation,
apoptosis, angiogenesis, the immune response, and growth of
tumor cells.(30,31) These two proteins also play an important role
in tumor development and progression. MMP-14 plays a dual
role in pathophysiological digestion of several ECM components
(including collagen I) through direct cleavage of the substrates
in vivo and activation of MMP-2.(32,33) To explore the relation-
ship between MMP-2/9 and RECK, we collected 30 fresh breast
cancer tissues to examine the expression of MMP-2/9 and RECK
by real-time RT-PCR (Data S1). We found that RECK mRNA
expression levels were directly correlated with expression of
MMP-2, but not MMP-9 (Fig. S1). The induction of RECK gene
expression could be a cellular response to enhanced expression
and activity of MMP-2. Our report is consistent with a previous
study that showed elevated levels of RECK were associated with
better prognosis. Therefore, tumors that present overexpression
of RECK could display a better clinical course, depending on
the balance of RECK/MMPs.
In addition to previous studies, our data strongly indicate

that RECK is an important molecule in preventing tumor cell

metastasis in breast carcinoma. In conclusion, RECK expres-
sion was reduced in breast carcinoma. Low levels of RECK
protein correlated with shorter survival in patients with
breast carcinoma. Low RECK expression was associated with
lymph node metastasis. Our results suggest that RECK is a
negative predictor of breast carcinoma and RECK could
emerge as an attractive new drug target in the treatment of
breast carcinoma.
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