
Summary. Extracellular matrix (ECM) macromolecules
are important for creating the cellular environments
required during development and morphogenesis of
tissues. Matrix metalloproteinases (MMPs) are a family
of Zn-dependent endopeptidases that collectively are
capable of cleaving virtually all ECM substrates, and
play an important role in some physiological and
pathological processes. MMP activity can be inhibited
by some natural and artificial inhibitors. A newly found
membrane-anchored regulator of MMPs, the reversion-
inducing-cysteine-rich protein with kazal motifs
(RECK), is downregulated when the cells undergo a
process of malignant transformation, and is currently the
subject of considerable research activity because of its
specific structure and function. In this review, we have
chosen to concentrate our efforts on the structure,
function, regulation, and future prospect of RECK in
order to provide a new target for prevention and
treatment of tumours.
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Introduction

Invasion and metastasis are the characteristics of
malignant tumours and the remodelling of basement
membrane (BM) and degradation of extracellular matrix
(ECM) is one of the critical steps in tumour
development. BM is the first and the most important
barrier that carcinoma must break through in order to
accomplish the process of invasion and progression.
Disruption of BM is the supreme factor during the
process of transformation from intraepithelial carcinoma
or carcinoma in situ to invasion carcinoma. Adhesion to
BM and ECM is another way to finish the process of
carcinoma cell local infiltration. Many factors have been
reported thus far as being potentially involved in the

metastasis/dissemination process of cancer cells. Among
them, matrix metalloproteinases (MMPs) are a key
family of proteolytic enzymes (Egeblad and Werb,
2002). Several studies show that MMPs have an
influence on the adhesion and motility of carcinoma
cells, as well as taking part in the degradation of ECM
and angiogenesis, therefore they have a significant effect
during the process of invasion and metastasis
(McCawley and Matrisian, 2001; Rhee and Coussens,
2002). In recent years, lots of research has been focused
on the MMPs and their inhibitors. However, recent
clinical studies have failed to show a clear benefit from
MMP inhibitors compared to conventional therapies
(Zucker et al., 2000; Coussens et al., 2002; Egeblad and
Werb, 2002). The reversion-inducing-cysteine-rich
protein with kazal motifs (RECK) is newly found as a
transformation-suppressor gene, which can inhibit the
process of tumour invasion and metastasis though
regulating the expression of several MMPs. In addition,
RECK is also a key regulator of angiogenesis in tumour
development.
RECK gene and protein

The RECK gene is isolated by using an expression
cloning strategy, which is designed to isolate human
cDNA inducing flat reversion in a v-Ki-ras –transformed
NIH3T3 cell line (Kitayama et al., 1989; Noda et al.,
1989; Takahashi et al., 1996). The gene has been
mapped on human chromosome 9p13–p12, with a length
of 87kb (transcription of 4.6kb) and consists of 21
exons. So far, 13 single-nucleotide polymorphisms have
been identified, four of them are in the coding region of
exons 1, 9, 13 and 15, and the remaining 9 are in introns
5, 8, 10, 12, 15 and 17. The coding region of the gene
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starts at the 110th basyl of the exon 1 and ends at the
221st basyl of the exon 21. The upstream 52-base region
contains a promoter activity. This region contains two
Sp1-binding motifs, one cEBPb-binding motif, and one
CAAT box (Takahashi et al., 1998; Sasahara et al., 1999;
Eisenberg et al., 2002). 

Sequence analyses have revealed that RECK cDNAs
encode an 110kDa membrane-anchored glycoprotein of
971 amino acid residues, which is rich in cysteine
(9.2%) and contains hydrophobic regions at both the
NH2- and COOH-terminal ends. Some studies show thatthe NH2-terminal hydrophobic region (26 residues)serves as a signal peptide. The COOH-terminal
hydrophobic region (ca. 29 residues) appears to serve as
a signal for glycosylphosphatidylinositol anchoring. The
middle portion of the protein contains three serine
protease inhibitor-like domains, one of which matches
the consensus sequence of so-called ‘Kazal motif’. In
addition, two regions of weak homology to the
epidermal growth factor-like repeats have been detected
(Takahashi et al., 1998).
Function of RECK

MMPs: basic information

MMPs are a multigene family of Zn-dependent
endopeptidases with a highly homologous structure. To
date, 26 members of the MMP family have been
identified in vertebrates, and 23 of them have been found
in humans (Visse and Nagase, 2003). Based on substrate
specificities and sequence characteristics, the MMPs can
be divided into at least 5 subgroups: collagenases,
gelatinases, stromelysins, matrilysins, and membrane-
type MMPs (MT-MMPs) (Nagase et al., 2006; Raffetto
and Khalil, 2008). They can collectively degrade most
ECM components and connective tissue proteins. In
addition, some MMPs digest other extracellular
molecules such as cytokines (e.g. transforming growth
factor-ß, TGF-ß), transmembrane proteins (e.g. integrins,
CD44), etc. MMPs play a major role in physiological
and pathological processes, such as embryonic
development, differentiation, immune surveillance,
apoptosis, wound healing, tumour angiogenesis, invasion
and metastasis (Lukashev and Werb, 1998).
Furthermore, MMPs also have an important effect on the
endothelial invasion occurring during neovascularization
(Sun and Zhang, 2006), which may be important in the
early stages of vascular remodelling in order to maintain
blood flow to various organs. Studies show the cDNA
transfection of MMP-2, MMP-9, and MT1-MMP can
enhance the ability of metastasis of several types of
tumours. A high level of MMPs expression has been
detected in cancer in the thyroid, breast, ovarian,
prostate, colon, lung, head and neck as well as in the
plasma of patients with solid tumour (lizasa et al., 1999;
Cox and O'Byrne, 2001).

MMPs are synthesized as pre-proenzymes, secreted
from cells as proMMPs, and activated on demand by

detaching of the hemopexin domain (Nagase et al., 2006;
Raffetto and Khalil, 2008). Enzymes involved in such
proteolytic processing are also MMP family members in
some cases, forming proteolytic activation cascades
(Noda et al., 2003). The activity of MMPs can be
regulated at different levels: gene expression, proenzyme
processing, and inhibition of enzymatic activity (Hidalgo
and Eckhardt, 2001). Recently, the study of MMP
inhibitors has become a hot spot. Until now, four of the
endogenous tissue inhibitors of matrix metallo-
proteinases (TIMPs), TIMP-1, -2, -3, and -4, have been
cloned. The ability of TIMPs to block the autocatalytic
activation of latent MMPs and to limit the proteolytic
functions of activated MMPs is a function of their ability
to bind both latent and active MMPs with a 1:1
stoichiometric ratio (Bode and Maskos, 2001). TIMPs
can inhibit all MMPs tested so far, but TIMP-1 is a poor
inhibitor for MT1-MMP, MT3-MMP, MT5-MMP and
MMP-19. While TIMP-1-null mice and TIMP-2-null
mice do not exhibit obvious abnormalities, TIMP-3
ablation in mice causes lung emphysema-like alveolar
damage (Leco et al., 2001) and faster apoptosis of
mammary epithelial cells after weaning (Fata et al.,
2001), indicating that TIMP-3 is a major regulator of
metalloproteinase activities in vivo. Studies show that
upregulation of TIMPs can inhibit tumour invasion and
metastasis. Human α2-macroglobulin is also a key
endogenous inhibitor found circulating in the plasma,
which can form a complex via binding MMPs, which is
eliminated by scavenger receptor-mediated endocytosis.
Besides, several other proteins have been demonstrated
to inhibit selected members of MMPs: A C-terminal
fragment of procollagen C-proteinase enhancer protein
and the secreted form of ß-amyloid precursor protein can
inhibit MMP-2; the NC1 domain of collagen IV
decreases the activity of MMP-2, MMP-3 etc.. Tissue
factor pathway inhibitor-2, a serine proteinase inhibitor,
is reported to inhibit MMP-1 and MMP-2, but this effect
is controversial. In addition, some synthetic MMP
inhibitors have reached clinical trials, such as BAY 12-
9566 (Bayer) (Molina et al., 2005), BMS-275291 (Rizvi
et al., 2004), etc.
RECK inhibits MMPs activity

Many studies suggest that RECK can inhibit MMPs
activity through several mechanisms, including direct
inhibition of protease activity, regulation of their release
from the cell and possibly through sequestration of
MMPs at the cell surface (Welm et al., 2002). RECK
inhibits the activity of at least three MMP members,
including MMP-2, MMP-9, and MT1-MMP (Takahashi
et al., 1998; Oh et al., 2001; Sternlicht and Werb, 2001;
Sasahara et al., 2002; Liu et al., 2003b) (Fig. 1). 
One particular group of MMPs, the gelatinase A and B,
also known as MMP-2 and MMP-9, have the capacity to
degrade native collagen type IV, a major component of
BM. Furthermore, both of them are also involved in the
processes of cell differentiation, apoptosis, angiogenesis,
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immune response, and growth of tumour cells (Mook et
al., 2004), playing an important role in tumour
development and progression. MT1-MMP 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 (Sato et al., 1994; Murphy et al., 1999). During
the process of activation of MMP-2, the effect of TIMP-
2 is very important. TIMP-2 bridges MT1-MMP with
pro-MMP-2 and another MT1-MMP molecule cleaves a
portion of the prodomain on pro-MMP-2 to form an
intermediate MMP-2 protein, which is then converted
into a fully activated enzyme by an autoproteolytic
mechanism (Will et al., 1996). In addition, MT1-
MMP/MMP-2 axis and TIMPs also play a key role in
mediating pro-MMP-9 activation (Toth et al., 2003).
Reduction of active MMP-2 is probably due to direct
inhibition of its two processing enzymes, MT1-MMP
and MMP-2, by RECK, and it has been reported that
restored expression of RECK in the HT1080
fibrosarcoma cell line results in reduced amounts of the
secreted intermediate form of MMP-2 and of active
MMP-2 (Oh et al., 2001). Besides, RECK negatively
regulates MMP-9 in two ways: suppression of pro-
MMP-9 secretion from the cells and direct inhibition of
its enzymatic activity, which inhibit tumour cells
invasion and metastasis (Takahashi et al., 1998). MMP-9
can transform the ECM bound or latent growth factor to
free or mature growth factor (Fig. 1). RECK directly
regulates MMP activity and can indirectly modulate
membrane localized growth factor availability. At
present, the mechanism of MMP-9 releasing from the

cell is still unclear (Welm et al., 2002). Studies have
indicated that a significant inverse correlation between
the level of RECK expression and extent of MMP-2
activation, but not of MMP-9 activation. Although
MMP-9 expression is lower in RECK-high tumours than
in RECK-low ones, these differences are not significant
(Masui et al., 2003; van der Jagt et al., 2006; Cho et al.,
2007). A study shows that collagen fibers around the
neural tube, whose peripheral region expresses MMP-2
and MT1-MMP, are dramatically reduced in RECK-
deficient mouse embryos (Oh et al., 2001). Thus, MMPs
can degradate collagen fibers solely or cooperatively,
both of which can be inhibited by RECK.
RECK inhibits angiogenesis

Angiogenesis is the process of forming new blood
vessels from existing ones, and requires degradation of
the vascular basement membrane and remodelling of the
ECM in order to allow endothelial cells (ECs) to migrate
into the surrounding tissue (Folkman, 2006), which is an
indispensable step in malignant tumour development and
progression (Folkman et al., 1989). The ECM can
actively regulate cellular proliferation, migration,
adhesion and invasion, which influence embryonic
development, tissue morphogenesis, angiogenesis,
tumour transformation and metastasis (Sun and Zhang,
2006). The balance between ECM breakdown and
deposition is critical for EC homeostasis and contributes
to vasculogenesis and angiogenesis. MMPs are a family
of ECM degrading proteinases, whose activation is the
earliest and the most important event during
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Fig. 1. Reversion-inducing-
cysteine-rich protein with kazal
motifs (RECK) regulates three
matrix metalloproteinases
(MMPs). ECM, extracellular
matrix; TIMPs, tissue inhibitor
of matrix metalloproteinases.



angiogenesis (Heissig et al., 2003). In the presence of
high RECK expression, MMP activity is reduced to the
point where ECM remodelling is compromised and the
ability of preexisting blood vessels to send out capillary
sprouts and produce new vessels is inhibited. Thus, the
magnitude and spatial pattern of RECK and MMP
activity are crucial for normal angiogenesis (Oh et al.,
2001). Thus, RECK can also be regarded as a regulator
of ECM remodelling by suppressing related MMPs
activity, and seems to be essential for proper
angiogenesis (Noda et al., 2003). 

Application of a blocking peptide that prevents the
interaction of MMP-2 with its substrates has been shown
to reduce angiogenesis. When tumour cells are
introduced into MMP-2 knockout mice, the tumours that
develop are less vascularized and exhibit reduced growth
compared to the tumours in wild-type animals (Egeblad
and Werb, 2002). More recently, a study showed that
inhibition of MMP-9 and urokinase plasminogen
activator receptor by using siRNA insulted in a
decreased angiogenesis in both in vitro and in vivo
models of gliomas (Lakka et al., 2005). Adenoviral-
mediated MMP-9 downregulation in EC is found to
inhibit migration and tube formation, two determinants
of angiogenesis (Jadhav et al., 2004). In general,
inhibition of MMPs activity plays an important role in
suppression of neovascularization (Moses et al., 1990).

Studies show that metastasis formation is a complex
multi-step process, which includes the invasion of
tumour cells into the stroma, migration through the
stroma, probably coupled with protease activity,
association with angiogenesis, penetration of the
circulation, and settling in the ‘newworld’, or the
metastatic site (Song et al., 2006). Several clinical
studies have shown that microvessel density (MVD) acts
as a measurement indicator in tumour angiogenesis
during the process of tumour invasion and metastasis.
The transitional mucosa adjacent to the carcinoma
displays intermediate levels of MVD between normal
mucosa and the carcinoma. The highest level of MVD is
found at the invasive margin of carcinomas, a site of
active tumour invasion. Thus, MVD closely correlates
with tumour progression and prognosis in a variety of
malignant tumours (Hlatky et al., 2002). Takenaka et al.
(2004) have demonstrated that RECK expression is
negatively associated with MVD, and plays an important
role in angiogenesis in non-small cell lung cancer.
Furthermore, angiogenic growth factors such as TGF-ß,
vascular endothelial growth factor (VEGF), and
angiogenin etc., act as autocrine or paracrine growth
factors to induce angiogenesis (Folkman, 2006). The
ligands of the VEGF family include VEGF-A, VEGF-B,
VEGF-C, VEGF-D and VEGF-E (Sun and Zhang,
2006). VEGF is a potent angiogenic factor, and bioactive
as freely diffusible proteins in the extracellular space,
where it acts on EC by stimulating cell proliferation,
migration, and tubular organization and increases
vascular permeability. Many studies have shown that
expression of VEGF is positively related to MVD in

several types of malignant tumours (Kern et al., 2002;
Niedergethmann et al., 2002; Wendum et al., 2003).
Interestingly, the effects of RECK are determined to be
most robust in the tumours which expressed VEGF at
higher levels, raising the possibility that RECK may
suppress the tumour angiogenesis induced by VEGF
(Song et al., 2006). Overexpression of MT1-MMP in
breast cancer cells results in increased VEGF expression,
correlating with rapid development of highly
vascularized tumours (Sounni et al., 2002). However,
studies do not uncover any significant correlations
between RECK and VEGF at present, although they are
increased in tumour compared with normal tissue (Song
et al., 2006).

Vascular development is a key process that must
occur for embryonic development to proceed. Mice
lacking functional RECK allele die around embryonic
day 10.5 (E10.5) with a defect in vascular maturation,
while about one-third of the mice lacking RECK and
MMP-2 are still alive around day 11 (E11.0), but none of
them can survive beyond day 11.5 (E11.5), which
suggests that abrogating MMP-2 activity partially
rescues the phenotype (Oh et al., 2001). However, it is
unclear exactly why vascular development stops when
RECK is absent. Vu and Werb (2000) have demonstrated
that RECK might regulate the amount or fate of certain
extracellular signalling molecules, such as TGF-ß,
VEGF, thrombospondin, etc., which in turn regulate
collagen production or other aspects of angiogenesis.
However, Oh et al. (2001) have reported that accelerated
degradation of ECM components, such as collagen I, is
likely to be the primary consequence of RECK-
deficiency. Thus, RECK is crucial for angiogenesis and
plays an important role in the process of mice embryonic
development.
Regulation of RECK

RECK expression can be detected in a number of
normal human tissues or cultured cells derived from
them, while its expression is low or undetectable in
many tumour-derived cell lines; also, RECK expression
can be downregulated by several oncogenes including
ras (Takahashi et al., 1998; Sasahara et al., 1999). ras
genes, consisting of three functional genes, H-ras, K-ras,
and N-ras, are frequently found to harbour a mutation in
human tumours. ras is known to affect cell-ECM
interaction in several ways: activated ras downregulates
several ECM proteins, such as fibronectin and collagen
I, as well as ECM-receptors (integrins), while it
upregulates several MMPs. A recent study showed that
ras can suppress RECK expression via inhibition of
transcription (Sasahara et al., 1999). Sp3, a member of
the Sp transcription factors family, sharing with Sp1 the
same consensus binding sequence, is reported to be a
dual-function regulator that can either induce or inhibit
transcription, depending upon both the promoter and the
cellular context (Majello et al., 1997). Several studies
have demonstrated that a high ratio of Sp1 to Sp3 may
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activate gene expression, whereas a high ratio of Sp3 to
Sp1 represses gene expression (Chadjichristos et al.,
2002; Wong et al., 2003; Pang et al., 2004). Chang et al.
(2004) have found that transcription factors Sp1 and Sp3
can activate the full-length RECK promoter, as well as
its deletion mutant containing the proximal 52 bp region
in a dose-dependent manner in SL2 cells. These data
indicate that Sp1 and Sp3 are transactivators, rather than
repressors, for the RECK gene. A study has shown that
ras might induce histone deacetylases (HDACs)
phosphorylation in vitro and in cells, and increase
nuclear accumulation of HDACs (Zhou et al., 2000).
Whether the process can induce the binding of HDACs
to Sp1 protein to suppress RECK expression or not are
still to be tested. HER-2/neu oncogene also inhibits the
expression of the MMP inhibitor RECK to promote cell
invasion. Hsu et al. (2006) have reported that HER-2/neu
transcriptionally represses RECK expression through
inducing extracellular signal-regulated kinases
activation, which in turn phosphorylates Sp1 to enhance
its DNA binding activity. After phosphorylation, the
interaction between Sp1 and HDAC1 may be modulated.
Specific HDAC inhibitor trichostatin A, HER-2/neu
kinase inhibitor AG825 can effectively reverse the
inhibitory effect of ras on RECK promoter activity.
Whether hypermethylation of the RECK promoter
region is also involved in ras-mediated downregulation
of the RECK gene is still the subject of experiment
(Sasahara et al., 2002). Tgat, originally identified in a
cDNA library derived from fresh ATL cells (Yoshizuka
et al., 2004), may block the function of RECK by
physical association via the C-terminal unique sequence,
resulting in activation of MMPs and enhancing cell
invasion (Mori et al., 2007). In addition, the RECK
expression is significantly downregulated in these cell
lines transfected by other oncogenes such as v-fos, c-
myc, v-src, v-fms, v-fes, v-mos, ect. (Takahashi et al.,
1998). To this end, RECK is the negative co-target for
many oncogenes. However, the detailed mechanism
inducing downregulation of RECK is not yet clear.
Future prospect 

Accumulating evidence has suggested that the
altered expression of RECK plays a role in various
human malignancies. Studies have shown that the
expression of the RECK protein in tumour is
inconsistent with the fact that RECK gene expression is
suppressed in several tumour-derived cell lines and ras-
transformed fibroblasts (Sasahara et al., 2002).
Pancreatic cancer cell lines do not exhibit RECK
expression, according to the results of Western blot
analysis, although a high level of RECK protein
expression is demonstrated in 52% of pancreatic cancers
(Masui et al., 2003). Similar results have been seen in
gastric (Song et al., 2006) and colorectal cancers
(Takeuchi et al., 2004). Furumoto et al. (2001) have
reported that high RECK expression correlates with less
invasive tumours and a better prognosis in patients with

hepatocellular carcinoma. Tumours which retained
RECK expression are less prone to recur, probably due
to reduced angiogenesis and inhibited ECM remodelling.
On the other hand, downregulated RECK expression
could induce tumour angiogenesis and promote tumour
progression (Takahashi et al., 1998; Oh et al., 2001;
Weaver, 2002). Li et al. (2005) have shown that in hilar
cholangiocarcinomas, the expression of RECK is
significantly lower than in normal bile duct tissue, and a
similar result has been seen in breast cancer versus the
corresponding normal tissue (Span et al., 2003). Song et
al. (2006) have demonstrated that the significant
correlation between RECK expression and the growth
pattern of gastric cancer. Reduced RECK expression is
more commonly found in cancers with macroscopically
infiltrative growth than those with expansile growth.
Taken together, these results support the view that
RECK is an important tumour suppressor gene. 

Some studies have shown that RECK is a promising
molecule with regard to the prediction of tumour
invasion and metastasis, via the dual mechanisms of
MMP pathways (Oh et al., 2001, 2004; Rhee and
Coussens, 2002; Liu et al., 2003a; Span et al., 2003;
Takenaka et al., 2004; Takeuchi et al., 2004; van Lent et
al., 2005) and angiogenesis (Takahashi et al., 1998; Oh
et al., 2001; Takenaka et al., 2004; Takeuchi et al.,
2004), which can act as a prognostic indicator in patients
with hepatocellular (Furumoto et al., 2001), pancreatic
(Masui et al., 2003), gastric (Song et al., 2006), breast
(Span et al., 2003) and lung cancer (Takenaka et al.,
2004). Furthermore, the transmembrane part of the
RECK gene is involved in signal transduction, which
makes it play a more important role than what we have
found during tumour growth and metastasis. Non-
steroidal anti-inflammatory drugs are known to have
anti-angiogenic and anti-metastatic activities both in
vivo and in vitro. Liu et al. (2002) have considered that
an induction of RECK expression may be one of the
mechanisms by which non-steroidal anti-inflammatory
drugs suppress MMP activity to block angiogenesis and
metastasis. Application of the RECK gene or protein, its
pharmaceutical mimetic, or drugs which activate
endogenous RECK expression, should be assessed for
their efficacy as possible therapeutic or preventive
agents for various human cancers, which may provide a
new strategy for cancer therapy.
Conclusions

The newly found MMPs inhibitor, RECK, which
contains a unique glycosylphosphatidylinositol domain
and a number of cysteine residues, does not show robust
similarities to TIMPs in amino acid sequence, which
makes it a novel membrane-targeted MMP inhibitor.
RECK can inhibit at least three members of the MMP
family: MMP-2, MMP-9, and MT1-MMP, and plays an
important role in the process of degradation of BM and
ECM, as well as angiogenesis, which are crucial for
tumour invasion and metastasis. Several studies have
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shown that RECK can be suppressed by ras at the
transcription level, although, the detailed mechanism is
yet unclear. Accumulating evidence has suggested that
the altered expression of RECK plays a role in various
human malignancies. Studies on the RECK gene and
protein may contribute to development of new strategies
for cancer prevention and therapeutic intervention.
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