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Aim: It has been demonstrated that the endogenous matrix metalloproteinases (MM Ps) inhibitor reversion inducing cysteine rich
protein with Kazal motifs (RECK) is a reliable prognostic marker for detecting several types of tumors. However, the RECK ex-
pressions in most of the normal and neoplastic tissues were extremely low, and to measure its expression is quite complicated. The
purpose of the present study is to establish an easy method to quantify murine RECK mRINA expression for use in future experi-
mental studies. Subsequently, in order to verify the reliability of the established quantification technique, we examined the change
in RECK expression and gelatinase secretion in tumor cells when stimulated by the extracellular matrix. Methods: Several murine
tumor cells were used in the present study. The real-time polymerase chain reaction (PCR) method and measurement conditions
for murine RECK mRINA were studied using these tumor cells. Gelatinase activities were also examined by gelatin zymography.
Results: Murine RECK mRNA expression was accurately quantified using real-time PCR. Among the tumor cells used in the study,
osteosarcoma cells showed significantly higher RECK mRNA expression than the others. The RECK expression in the osteosarcoma
cells was down-regulated by contact with matrigel-coated culture flasks due to increased secretion of gelatinases. Conclusion: The

real-time PCR method employed in our study is useful to quantify RECK expression.
Key Words: RECK, gelatinase, MMP inhibitor, real-time PCR, osteosarcoma.

Matrix metalloproteinases (MMPs) play impor-
tant roles in the mechanism of tumor invasion and
metastasis by selectively degrading the extracellular
matrix. Among the various MMPs, gelatinases (type-IV
collagenases), particularly MMP-2 and -9, are closely
linked with tumor malignancy [11, 20], and the increa-
sed levels of these enzymes in tumor patients are
strongly related to poor prognosis [7, 13, 14].

A novel endogenous specific MMP inhibitor, which
was designated as “reversion inducing cysteine rich
protein with Kazal motifs” (RECK), has been recently
isolated [28]. RECK inhibits tumor invasion and tumor
angiogenesis by negatively regulating MMP-2, -9, and
membrane-type 1-MMP (MT1-MMP) [19, 28]. It has
been suggested that this membrane-anchored gly-
coprotein can be considered as one of the reliable pro-
gnostic factors in several tumor patients [10, 18, 24].

In the majority of studies, the RECK mRNA expres-
sion levels were quantified by Northern blotting [10, 18,
28]. However, the RECK mRNA expression levels were
reported to be considerably low in most of the normal
human tissues and tumor cells [28]. Therefore, to detect
the low expression levels of the RECK mRNA by Northern
blotting, a large volume of specimens was required to
purify sufficient amounts of the mRNA. In view of this, the
quantitative real-time polymerase chain reaction (PCR)
analysis is advantageous because it allows detection of
the mRNA even in small amounts of specimens, and it
is suitable for treating a large number of samples. Real
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time PCR had been used to quantify human and canine
RECK mRNA expression, and the amplification condition
was established [24, 26, 27]. However, this technique
has not been established for murine RECK.

The purpose of the present study was to investigate
the RECK expression levels in several murine tumor cells
by employing the quantitative PCR. Subsequently, in order
to confirm the reliability of the established quantification
technique and correlation of gelatinase activity, the change
in RECK expression and gelatinase secretion was studied
in tumor cells attached to the extracellular matrix.

MATERIALS AND METHODS

Murine cell lines and cell culture. The following
mouse tumor cell lines were cultured in Dulbecco’s
Modified Eagle’s Medium (DMEM) containing
1,000 U/ml of penicillin, 0.1 mg/ml streptomycin, and
10% fetal bovine serum (FBS) at 37 °C and 5% CO,
condition: B16 (melanoma) [12], B16F1 (pulmonary
metastatic melanoma derived from B16) [23], P815
(mastcelltumor) [8], YAC-1 (lymphoma) [15], KLN205
(squamous cell carcinoma) [22], S-180 (sarcoma)
[31], Dunn (osteosarcoma) [21], LM8 (pulmonary
metastatic melanoma derived from Dunn) [1].

RNA extraction and reverse transcription. Each
tumor cellline was washed twice and incubated for 24 h
in a culture medium lacking FBS. Then, total RNA was
extracted by the guanidine isothiocyanate method [5].
The total RNA (2 ug) was denatured at 70 °C for 10 min,
immediately cooled, and added to a solution containing
200 units of M-MLV reverse transcriptase (Invitrogen,
USA), 50 nmol dithiothreitol, 10 pmol poly (dT) primer,
and 20 nmol dNTPs in a total volume of 20 pl. After the
poly (dT) primer was annealed at 20 °C for 10 min, cDNA
synthesis was performed at 37 °C for 1 h.
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Quantitative PCR analysis of RECK gene ex-
pression in mouse tumor cell lines. All PCR reac-
tions were performed using a detection kit (Lightcy-
cler-FirstStart DNA Master SYBR Green kit, Roche
Molecular Biochemicals, Mannheim, Germany). The
primer pairs used for amplifying RECK mRNA were
as follows: sense, 5-GCA TGC AAG CAG GCA TCT
TC-3" and antisense, 5-CTG TGG ACT GAT AGA GGC
AC-3'. To ensure correctness of mMRNA extraction and
reverse-transcription and standardize the samples,
all the samples were subjected to PCR amplifica-
tion using oligonucleotide primers specific for the
constitutively expressed gene glyceraldehydes-3-
phoshate-dehydrogenase (GAPDH). The primer pairs
for amplifying GAPDH mRNA were as follows: sense,
5'-GAAGGT CGGTGT GAACGGATT-3"and antisense,
5-GAA GAC ACC AGT AGA CTC CAC GAC ATA-3".

The PCR reaction mixture containing the following
reaction components was prepared to the indicated
end concentration: 13.4 ulwater, 2.4 ul MgCl, (4 mM),
0.1 ul forward primer (100 uM), 0.1 ul reverse primer
(100 uM), and 2.0 ul LightCycler Fast Start DNA Master
SYBR Green | (Roche Molecular Biochemicals). As a
PCRtemplate, 18 pl of master-mixand 2 pl of cDNA as
a PCR template were added to glass capillaries.

The cycling conditions were as follows: initial dena-
turation at 95 °C for 30 s, followed by 35 cycles (RECK)
or 30 cycles (GAPDH) at 95 °C for touchdown (0 s),60°C
for5s,and 72 °Cfor 10 s. In order to improve the SYBR
Green | quantification, the temperature of the fluores-
cence measurement pointwas setat 84 °C (RECK) and
83 °C (GAPDH). The expression level of each mRNA in
the tissue samples was determined relative to the stan-
dard curve by using the LightCycler computer software
(Roche Molecular Biochemicals). The identity of each
PCR product was confirmed by electrophoresis.

Stimulation by extracellular matrix. Matrigel-
coated plates were used to stimulate Dunn and LM8
cells by direct contact with the extracellular matrix.
Matrigel (BD Biosciences, USA) is composed of the
extracellular matrix that is secreted by Engelbreth-
Holm-Swarm mouse sarcoma cells. Matrigel was
diluted to 0.1 mg/ml with phosphate-buffered saline
(PBS) on ice. Subsequently, 1 ml of the solution was
poured into each well of the 6-well cell culture plates.
These solutions were dried by leaving plates overnight
onaclean bench under an air flow. Cell culture medium
containing 10% FBS (2 ml) was poured 2 h before
seeding it with the cell suspension solution (2 ml).
The concentration of cells in the culture medium was
adjusted to 1.0 x 106 cells/ml. After 24 h of incubation,
cells were washed twice with serum free medium.
The collection of RNA from each cell line and culture
medium was performed after 24 h.

Gelatin zymography. Gelatin zymography was
employed to investigate the correlation between murine
RECK mRNA expression and gelatinize activity. By using
the previously reported method, gelatin zymography
was performed [2, 29]. Briefly, 20 ul of the supernatant
of each conditioned medium was mixed with an equal

volume of 2 x SDS-PAGE sample buffer without boiling.
The samples were fractionated by electrophoresis on a
10% polyacrylamide gel containing gelatin (0.5 mg/mL).
In order to remove the SDS, the gels were soaked in
2.5% Triton X-100 containing 10 mM Tris (pH 8.0) for
30 min at room temperature and incubated in a diges-
tion buffer (50 mM Tris [pH 8.0], 0.5 mM CaCl,, and
1 uM ZnCl,) at 37 °C for 30 h to enable the proteinase
digestion of the substrate. The gels were stained with
0.25% Coomassie brilliant blue R-250 and destained
with 10% isopropanol and 5% acetic acid. The gelati-
nolytic activities were observed due to the appearance
of clear bands of digested gelatin against a dark blue
background of stained gelatin.

Statistical analysis. For the comparison of the mu-
rine RECK expression levels in tumor cells, analysis of va-
riance followed by Scheffe’s multiple comparison as the
post-hoc testwas performed. For the comparison of con-
trol and stimulated cells, the Student’s t-test was used.
Differences were considered significant when p < 0.05.
The statistical analyses were performed using the Stat
View 5.0 software (SAS Institute, Cary, NC, USA).

RESULTS AND DISCUSSION

RECK gene expression in murine tumor cells.
Quantitative real time PCR could accurately measure the
amount of RECK mRNA, and the amplified cDNA comp-
letely corresponded with a part of the reported murine
RECK gene (Fig. 1). Northern blotting was used in most
of the previous studies to quantify the expression level
of the RECK mRNA [10, 18, 28]. The findings of these
studies were that the RECK mRNA expression level in
normal human tissues and tumor cells was considerably
low. Therefore, to detect the low RECK mRNA expression
by Northern blotting, it was necessary to purify the poly
A (+) mRNA from the total RNA and obtain an adequate
number of samples. The quantitative PCR used in this
studyindicated that thiswas an easy, useful, and sensitive
technique to quantify the mRNA levels of specific genes.
Moreover, the process did not involve a treatment step
for purifying the mRNA from total RNA.
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Fig. 1. Standard curve for quantification of murine reversion
inducing cysteine rich protein with Kazal motifs (RECK) mRNA.
Allmeasurements of murine RECK was performed when the error
value was less than 0.2

The murine tumor cells showed variable levels of mu-
rine RECK gene expression (Fig. 2). Although most cell
lines showed extremely low RECK mRNA expression, two
osteosarcoma cell lines showed a clear expression and
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the S-180 cell — line comparatively higher RECK mRNA
expression. The previous studies reported that there was
little RECK mRNA expression in the murine and human
tumor cells [28]. However, in canine osteosarcoma cell
line, the high RECK mRNA expression was confirmed
[26]. In the present study, murine osteosarcoma was
found to exhibit significantly higher levels of RECK mRNA
compared to other tumor cell lines. The highly metastatic
LMB8 cells derived from the Dunn osteosarcoma cell line
showed significantly lower expression than parental cell
line. As it was reported [28], the more malignant tumor
cells exhibited lower RECK mRNA expression compared
to parental cell lines. In particular, B16F1 and LM8 cells,
more metastatic than the cell lines that they are derived
from (B16 and Dunn, respectively) [1, 23], are showed
to possess lower RECK mRNA expression.
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Fig. 2. Murine RECK gene expression in various types of tumor
cells. GAPDH: glyceraldehyde-3-phoshate-dehydrogenase

Regulation of RECK mRNA expression under
extracellular matrix stimulation. Osteosarcoma
cells that were cultured on matrigel-coated plates were
attached to the bottom of the plates in a manner similar
to that observed on standard culture plates. However,
the cells exhibited different morphology depending on
the extracellular matrix present in the culture plates.
The tumor cells cultured on matrigel-coated plates
were fibroblastic, although the cells appeared to be
osteoblastic when cultured on standard plates. The
RECK mRNA expression in the cells grown on matri-
gel was significantly lower (by 2/3 nad %2 in Dunn and
LM8 cells respectively) than that in the cells grown in
standard conditions (Fig. 3).
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Fig. 3. The RECK gene expression in the osteosarcoma cell lines
upon contact with matrigel. The RECK expression in Dunn cells
grown in the matrigel-coated flask was significantly lower than
thatin control flasks (*p < 0.05). LM8 cells also showed changes
identical to that shown by Dunn

Dunn

There was one report stating that type- 1 downregula-
tion of the RECK expression in human glioma cells grown
on collagen-gel coated plate [6]. However, our data (un-
published) indicated that type-1 collagen did not cause
RECK downregulation in the murine osteosarcoma. In
the present report, RECK expression in Dunn and LM8
cellswas downregulated due to direct contact with matri-
gel — an extracellular matrix secreted by the Engelbreth-
Holm-Swarm mouse sarcoma [16]. The requirement for
direct contact of the cells with an extracellular matrix to
induce RECK downregulation might be due to the fact
that RECK is a membrane-anchored protein.

Gelatin zymography. In the present study, gelatin
zymography was performed to validate the correlation
between RECK downregulation and gelatinase activities
and secretion. The MMPs are secreted from several
types of cells as inactivated proenzymes that are sub-
sequently activated by other MMPs or serine proteina-
ses [9]. Gelatin zymography is a method that enables
visualizing the amount of gelatinases as clear bands.
This technique is distinct from Western blotting and en-
zyme-linked immunosorbent assay (ELISA) [3] because
it can measure not only activated gelatinases but also
simultaneously measure inactivated pro-MMPs [4, 30].
RECK is amembrane-anchored protein that negatively
regulates secretion and activities of gelatinases. Thus,
the data obtained by measuring gelatinase activity can
be used for evaluation of RECK expression.

Initially, zymographic analysis was carried out on the
same medium on which the Dunn osteosarcoma cells
were cultured without any stimulation. No visible band
indicating the secretion of pro-MMP-2 and pro-MMP-9
was observed (Fig. 4). LM8 cells secreted larger amounts
of pro-MMP-2 in their conditioned medium, and this
result was consistent to that of a previous report [1].
When these tumor cells are in contact with matrigel, they
exhibited increased gelatinases secretion. The contact
of the cells with matrigel induced secretion of MMP-9in
Dunn cells and secretion of both the gelatinases MMP-2
and 9 in LM8 cells. These results might indicate a close
correlation between the increased gelatinase secretion
and downregulation of murine RECK mRNA.

Pro-MMP-9

Pro-MMP-2

LM8
Matrige!
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Fig. 4. Gelatinases activity observed in the two types of os-
teosarcoma cells stimulated by matrigel. Gelatinase activation
was induced due to direct contact with matrigel. MMP: Matrix
metalloproteinase

It is known that the level of gelatinase activity is
altered intumor tissues [1, 10, 18, 25]. Several reports
have shown that gelatinases can be upregulated or
activated in osteosarcoma cells [17, 20]. In the present
study, we have shown that direct contact with matrigel
induced MMP secretion and RECK downregulation.
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IKCNPECCUA UHTUBUTOPA MEMBPAHOCBA3AHHbIX
MATPUKCHbIX METAJUJTIONMPOTENHAS RECK B JIMHUAX
ONYXOJIEBbIX KJIETOK MbILLUA

Iloka3ano, 4To 3H10TeHHBI HHTHOUTOP MAaTPUKCHBIX poTenna3 (MMII) RECK mMoxKeT CIyKUTh HAIeZKHBIM MPOTHOCTHIECKNM
MapKepoM Jisi HeKOTOPBIX THIIOB OMYXO0Jeil, OHAKO ero dKCIpeccus B 00IBITHHCTBE HOPMAJTBHBIX M HEOIIACTHYECKUX TKAHEI
KpaiiHe HU3Kasi, MO3TOMY BO3HHKAIOT CJIOKHOCTH, CBA3AHHBIE C AeTeKIHeil TakoBoil. /[eab paGoThl — Pa3padoTKa KOJMIECTBEH-
HOro Metona onpeaeyenus sxkcnpeccun MPHK 11 ucnosib30Banus B 3KCnepuMeHTAJIBHbIX HCcJenoBanusax. s aanabHeiimero
MOATBEPIKIEHUS HATIEIKHOCTH Pa3padOTAHHOTO METONA MCCJIe0BAHBI H3MeHenus dkcnpeccnd RECK n ceKpenyuu KeJIaTHHA3 B
OIYX0JIEBBIX KJIETKAX MPH CTHMYJISIIAA BHEKJIETOYHBIM MATPUKCOM. Menoodst: B pad0OTe UCIOJIb30BATH HECKOJIbKO JIMHMUIA OIy-
X0JIEBBIX KJIETOK MbIIIH, B KOTOPbIX 3Kcnpeccuio MPHK RECK anammsuposaiu metonom [P B pexknme peasbHOro BpeMeHH,
AKTHBHOCTD JKeJIaTHHA3 — MeToa0M 3umorpadmn. Pesyrsmamot: sxcnpeccuio MPHK RECK Konm4yecTBEHHO OEHITH METOI0M
[IIIP B pexxume peaibHOrO BPeMeHH, IPUIEM CPeId NCCIIeI0BAHHBIX KJIETOYHBIX JIMHUI HAN00JIee BLICOKHIA yPOBEHb JKCIPEeCCHH
RECK BoisiBIUIH B KJIETKaX 0cTeocapkombl. Dkrcnpeccuss RECK B KIeTKaX 0CTe0CAPKOMBI MOIABISIIACH IPU KOHTAKTE C KYJIbTY-
PAJLHBIM IUIACTHKOM, 00pa00TAHHBIM MATPUTeJIeM, BCJIEICTBIE MOBBINIEHUS CEKPELH KeIaTHHA3. Bbi600b1: 111 KOJMIECTBEHHO
onenku 3kcnpeccun MPHK RECK moxet 0b1Th cnosib30Ban Meton [ILIP B pexuve peasbHOro BpeMeHH.

Karoueewie caosa: RECK, xkenatunasa, unruourop MMII, merox ITITP B pexkume peaibHOr0 BpeMeHH, OCTEOCAPKOMA.
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