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Abstract Degradation and remodelling of the extracel-

lular matrix has been investigated, with the main focus on

the balance between matrix metalloproteinases (MMP) and

tissue inhibitor of metalloproteinases (TIMP). Recent

reports disclose the presence of a novel MMP-inhibiting

cell membrane-anchored glycoprotein designated ‘rever-

sion-inducing cysteine-rich protein with Kazal motifs’

(RECK). Our main aim in this study was to elucidate the

role of RECK in cell invasion of pituitary adenomas and its

contribution to signal transduction. The function of RECK

in cell invasion was investigated by comparing data

obtained from full-length RECK clone transfection and

gene silencing with RECK mRNA-targeting siRNA. RECK

expression was confirmed using real-time RT-PCR and

Western blotting. Levels of matrix metalloproteinases

(MMP-2 and -9) and TIMP-1 were measured by zymog-

raphy and reverse zymography, respectively. Cell invasion

was examined with a 3-D invasion assay. The signal cas-

cade was investigated by cDNA microarray analysis. As

expected, expression of RECK was elevated upon cDNA

transfection, and diminished using siRNA. We observed

elevation of MMP-2 and -9 expression and consequent 3-D

cell invasion in cells under-expressing RECK. However,

TIMP expression was not affected by RECK. Analysis with

cDNA microarray revealed that RECK additionally

upregulates growth hormone-releasing hormone receptor

(GHRHR) and latrophilin 2 at the transcriptional level. Our

findings collectively suggest that RECK regulates the cell

signalling pathway, playing a critical neuroendocrinologi-

cal role in the pituitary adenoma cell line.
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Introduction

Extracellular matrix (ECM) is a complex of macromole-

cule materials surrounding the cell body, of which collagen

is the major ingredient. Recent studies, along with repeat

remodelling analyses, show that ECM is not simply a filler

between neighbouring non-active cells, but significantly

influences proliferation, differentiation, motility and cell

death [1]. In fact, mutation of a specific component of

ECM causes various deformities and diseases [2].

The matrix metalloprotease (MMP) family is a major

driving force in regulating ECM remodelling, and more than

20 subtypes have been identified to date [3]. An artificial

MMP inhibitor that may disrupt permeation/metastasis/

blood vessel instructions in cancer has been developed [4–6],

but knowledge about functions of MMPs in pituitary ade-

nomas is currently limited. Thus, several studies have

analyzed the degradation and remodelling of ECM, mainly

focusing on the balance between matrix metalloproteinases

(MMP) and tissue inhibitors of metalloproteinases (TIMP).

Recently, reversion-inducing cysteine-rich protein with

Kazal motifs (RECK), a cell membrane-anchored glyco-

protein, was identified as a novel endogenous MMP inhibitor

[7]. This protein downregulates MMPs, and suppresses the

invasive and metastatic potential of several non-tumoural

cell lines, as well as some types of tumours [8–10]. To our

knowledge, RECK expression and function in tumour

invasiveness have never been studied in pituitary adenomas.

We hypothesize that RECK not only inhibits MMP activity
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in the extracellular space, but also potentially regulates

intracellular signal transduction, in view of its cellular

membrane domain [11].

In this study, we elucidated the biological functions of

RECK in pituitary adenomas by comparing data obtained

from cell transfection with full-length RECK cDNA and

gene silencing with RECK mRNA-targeting siRNA. Fur-

thermore, we sought to establish the intracellular signalling

pathway by cDNA microarray analysis. Our findings col-

lectively show that RECK suppresses MMP-2, and -9

activities, consequently inhibiting cell invasion, and alter-

natively, plays an important role in signal transduction for

tumour growth in the pituitary adenoma cell line.

Materials and methods

Cell culture

The human HP-75 non-functioning pituitary adenoma cell

line was purchased from the American Type Culture Col-

lection (ATCC, Manassas, VA, USA). Cells were grown in

Dulbecco’s modified Eagle’s minimum essential (DMEM)

medium (BioWhittaker, Cambrex Corp., Nottingham, UK)

supplemented with 15% horse serum (TCS Cellworks,

Buckingham, UK), 2.5% foetal calf serum (Life Technol-

ogies, Paisley, UK), 0.05% (w/v) glutamine, 50 lg/ml

streptomycin, and 50 IU/ml penicillin (hereafter denoted

‘culture medium’), and maintained at 37�C in humidified

air under 5% carbon dioxide. Cells were grown in T-75

flasks (Nalge Nunc International, Rochester, NY, USA),

the culture medium exchanged twice weekly, and sub-

confluent cells passaged using 0.05% trypsin/0.02%

ethylenediamine tetra acetic acid (EDTA). Each cell line

was passaged three times prior to use in experiments.

Generation of cell lines over- or under-expressing

RECK

For generation of HP-75 cells overexpressing RECK, full-

length human RECK cDNA (IOH46822; Ultimate ORF

Clone; Invitrogen, Tokyo, Japan) was purified from glyc-

erol stock solution, and subsequently cloned into

pcDNA3.2/V5-DEST vector (Gateway LR reaction system,

Invitrogen, Tokyo, Japan). The viral packaging E. coli

system (One Shot OmniMAX Chemically Competent

E. coli; Invitrogen, Tokyo, Japan) was transformed with the

CMV viral construct using the standard heat-shock method.

For subcloning, transformed E. coli cells were incubated

overnight on LB agar containing ampicillin, single colonies

were picked, and inocula grown overnight in a shaking incu-

bator at 37�C. The vector was purified using the PureLink HQ

Mini Plasmid Purification Kit (Invitrogen, Tokyo, Japan).

For generation of HP-75 cells expressing low levels of

RECK, we designed specific short interfering ribonucleic

acids (siRNA) according to an on-line detection system

(http://www.ambion.com/jp/catalog/sirna_search.php), and

purchased double-stranded RNA targeting the human RECK

gene (Accession number; NM_021111) and a scramble oli-

gonucleotide duplex (non-specific sequence confirmed with

BLAST), which was used as the negative control (siRNA

targeting scramble; 50-GCGCGCTTTGTAGGATTCG).

The final siRNA concentration used was 50 nM. Transfec-

tion into HP-75 cells was performed using the lipofection

reagent, Lipofectamine 2000 (Invitrogen, Tokyo, Japan).

For subsequent assays, experiments with siRNA, full-

length cDNA, control, mock, scramble oligonucleotide and

empty vector were performed.

Real-time RT-PCR

Cells (5 9 106 in 10 ml culture medium) were seeded onto

wells of a 6-well plate (Nalge Nunc International K.K.

Rochester, NY, USA) and allowed to attach overnight.

Transfection was performed as specified above. Total RNA

was prepared using the TRIZOL reagent (Gibco-BRL,

Tokyo, Japan), and cDNA synthesized with pd(N)6 Random

Hexamer primers (Amersham Bioscience, Piscataway, NJ,

USA). The mRNA levels were assayed quantitatively by

real-time reverse transcription-polymerase chain reaction

(RT-PCR) performed using the appropriate reagents (Taq-

Man� One-Step RT-PCR Master Mix Reagent Kit; Applied

Biosystems, Tokyo, Japan) and a Gene Amp 5700 thermal

cycler (Applied Biosystems, Tokyo, Japan). Amplification

was performed using primers that spanned at least one intron,

and monitored with FAM-labelled probes to detect RECK

mRNA designed according to the on-line detection system

(http://myscience.appliedbiosystems.com/index.jsp). Each

PCR amplification utilized cDNA derived from 20 ll

mRNA solution (10 ng/ll), and the relative amounts of PCR

products were calculated as the threshold cycle (CT) value of

the sample divided by that of human b-actin (TaqMan�

Endogenous Controls, Applied Biosystems, Tokyo, Japan).

Western blotting

The level of RECK protein following transfection of siRNA

(10, 20, 50 nM), full-length cDNA, control, mock, scramble

oligonucleotide or empty vector was detected using Western

blotting, as described previously [12]. Briefly, cells were

lysed in 2 ml of RIPA buffer containing protease inhibitors,

1 mM phenylmethylsulfonyl fluoride, 10 mM benzamidine,

and 2 lg/ml leupeptin (Cosmo Bio Co., Tokyo, Japan).

Lysates (10 lg protein) were loaded on a 5–20% gradient

SDS gel (60 min at 100 V), and transferred to a PVDF

membrane (Amersham International, Buckinghamshire,
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UK) for 60 min at 100 mA. The membrane was incubated

for 2 h with the primary antibody (0.2 lg/ml rabbit anti-

RECK or 0.2 lg/ml rabbit anti-b-actin as the internal stan-

dard; Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA).

Blots were incubated for 1 h in secondary antibody (per-

oxidase-conjugated swine anti-rabbit immunoglobulin,

10 ng/ml; Santa Cruz Biotechnology Inc., Santa Cruz, CA,

USA), and visualized with an ECL detection system (Santa

Cruz Biotechnology Inc., Santa Cruz, CA, USA).

Gelatin zymography and reverse zymography

HP-75 (1 9 106) cells cultured on 60 mm plastic dishes

(Sumitomo Bakelite Co., Ltd, Tokyo, Japan) were incubated

in medium devoid of serum for 24 h immediately after

transfection, as described above. The supernatant fractions

were separated by 7.5% SDS-PAGE (BioRad, Hemel

Hempstead, UK) impregnated with gelatin (0.1 mg/ml)

under non-reducing conditions, according to earlier reports

[13, 14]. Gels were incubated in zymography digestion

buffer (200 mM NaCl, 50 mM Tris, 5 mM CaCl2, 1 lM

ZnCl2, 0.02% (v/v) Brij-35, pH 7.6; Sigma Chemical Co, St.

Louis, MO, USA) for 18 h at 37�C. Subsequently, gels were

stained by immersion in staining solution (0.5% Coomassie

Blue R250 in 30% methanol/10% glacial acetic acid in H2O)

for 3 h, followed by destaining to reveal discrete areas where

the gelatin substrate was hydrolyzed by gelatinase.

Tissue TIMPs were detected by reverse zymography. The

cell supernatant fractions were separated as described above.

Gels were incubated in reverse zymography digestion buffer

(Calbiochem, Cambridge, MA, USA) for 4 h. Gels were

counterstained (as for zymography) with staining buffer, and

stained for the incorporated gelatin. TIMP activity was

visualized as a dark band on the lighter background.

3-D cell invasion assay on a PuraMatrixTM gel

PuraMatrixTM gel was kindly supplied by 3-D Matrix Japan

Ltd. (Tokyo, Japan). HP-75 cells were pre-stained imme-

diately prior to this assay using the Q-Tracker 525Cell

Labeling Kit (Quantum Dot Corp., Hayward, CA, USA) to

allow observation of cell plating efficiency or invasion in

3-D cultures as previously reported [15]. HP-75 cells

(5 9 104) were collected, and suspended in 10 ll of cul-

ture medium. A cell suspension (1 ll) was injected and

cultured in a PuraMatrix gel (0.5% PuraMatrix, 5% sucrose

in ddH2O) impregnated with collagen type I (50 ng/ml) as

3-D culture. Cell invasion was observed with an inverted

fluorescence microscope at 2 9 magnification (IX71-

ARCHEVA, Olympus Co., Tokyo, Japan), comparing

maximal horizontal expansion by time-lapse analysis with

an microscope incubation system (INU-WDS-O-F1, Tokai

Hit Co., Ltd, Sizuoka, Japan) for 3 days.

Complementary DNA microarray analysis for the gene

expression profile

HP-75 (1 9 107) cells were plated onto 60 mm plastic dishes

(Sumitomo Bakelite Co., Ltd, Tokyo, Japan), and incubated

with normal culture medium for 24 h immediately after

transfection with siRNA, full-length cDNA, or lipofectant

reagent (LipofectamineTM2000, Invitrogen Corp., Caris-

bad, CA, USA) alone as the control. Total RNA from each

sample was isolated immediately using TRIZOL (Invitrogen

Corp., Carlsbad, CA, USA), according to the manufacturer’s

protocol. The concentration was calculated spectrophoto-

metrically, and quality control of RNA was analyzed with an

Agilent 2100 Bioanalyzer (Agilent Technologies, Inc.,

Tokyo, Japan). Messenger RNA/cDNA hybrids were gen-

erated via T7 oligo dT primers, followed by addition of DNA

polymerase and ligase (Filgen Co., Tokyo, Japan) to obtain

double-stranded cDNA. The sample tagged with chemilu-

minescent substrate, Cy3, for the full-length clone, siRNA

for RECK, or Cy5 for the control was hybridized on a

microarray chip (Filgen Array Human35 K, Filgen, Tokyo,

Japan). We employed a mixture of total RNAs from the two

cultures for labelling reactions.

Fluorescence-labelled cDNA was synthesized by direct

incorporation of Cy3-dUTP or Cy5-dUTP (Amersham Bio-

science, NJ, USA) during random-primed reverse

transcription, using 5.9 lg total RNA and an RNA fluores-

cence labelling core kit (M-MLV version 2.0, TaKaRa,

Japan). We prehybridized the microarray for 1 h at 42�C in

solution containing 59 SSC (19 SSC comprises 0.15 M

NaCl, 0.015 M sodium citrate), 0.1% sodium lauryl sulfate

(SDS), and 10 mg/ml bovine serum albumin. The micro-

array was washed at room temperature in distilled water

three times for 1 min, rinsed in 2-propanol, and dried by

centrifugation at 150 g for 2 min. We performed hybrid-

ization for 16 h at 42�C in 12 ll solution containing

59 SSC, 0.1% SDS, 30% formamide, and heat-denatured

the labelled cDNA. The microarray was performed at room

temperature with 29 SSC containing 0.1% SDS for 4 min,

0.19 SSC containing 0.1% SDS for 4 min, and three times

with 0.19 SSC for 1 min. Fluorescence images of Cy3 and

Cy5 dye channels were obtained using a GenePix 4000B

scanner (Axon Instruments, CA, USA), and the image ana-

lyzing software, Array-Pro Analyzer (Filgen, Tokyo, Japan),

was used to quantify signal intensities using Microarray Data

Analysis Tool Ver.1.5, Filgen, Tokyo, Japan). Elevation and

reduction of pixel expression, observed as intensity changes

greater than 1.6-fold (increase) and lower than 0.66-fold

(decrease), respectively, were classified as ‘a significant

change in mRNA expression’. Data were analyzed according

to the online system (GenMAPP: http://www.genmapp.org/,

Cytoscape: http://www.cytoscape.org/), based on gene

annotation data (NCBI: http://www.ncbi.nlm.nih.gov/).
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Statistical analysis and imaging

Data were expressed as means ± SD (standard deviation).

Statistical analysis was performed with the GraphPad

Prism Ver. 5.0 (GraphPad Software Inc., San Diego, CA,

USA). The Mann–Whitney U-test was employed for data

analysis. For imaging analysis of the 3-D cell invasion

assay, Image-Pro Plus version 4.5 (Media Cybernetics,

Division of Nippon Roper, Tokyo, Japan) was used to

evaluate fluorescence microscopy data. Statistical signifi-

cance was defined as P \ 0.05. All data are representative

of at least three independent experiments.

Results

Expression of RECK in pituitary adenoma and HP-75

cell

We initially confirmed the expression of RECK in pituitary

adenoma tissue (Fig. 1a) by performing immunohisto-

chemistry with laser confocal microscopy, and as a

*102 kDa band in HP-75 cells by Western blotting

(Fig. 1b).

MMP and TIMP activities modulated by RECK

Full-length RECK (Invitrogen, IOH46822) cloned into

pcDNA3.2/V5-DEST vector was confirmed by Northern

blotting at 8.3 kb (data not shown). RECK mRNA inter-

ference by targeting siRNA (NM_021111) was evaluated at

concentrations of 10, 20 and 50 nM. Western blotting

disclosed suppression of the RECK protein level in a

dose-dependent manner by siRNA targeting RECK mRNA

(Fig. 2). A final concentration of 50 nM siRNA was

employed for all subsequent experiments. Real-time

RT-PCR confirmed that transfection with full-length

RECK cDNA induced significantly elevated RECK mRNA

expression, while the siRNA method led to marked atten-

uation, compared to the control (means of expression

relative to b-actin, standard deviation (P value); full-length

clone, 1.59 (P = 0.022), 0.14; siRNA, 0.14, 0.06 (P =

0.0022); control, 0.79, 0.11). Meanwhile, transfection with

mock, scramble oligonucleotide and empty vector did not

influence the expression of RECK mRNA (Fig. 3). Con-

comitantly, Western blotting revealed equivalent findings

at the protein level (Fig. 4a).

Conversely, activities of MMP-2 and -9 examined by

zymography in cells treated with RECK siRNA were ele-

vated, and diminished in those transfected with full-length

RECK DNA. Again, transfection with mock, scramble

oligonucleotide and empty vector did not affect MMP

activity. No effects on the activity of tissue inhibitor of

metalloproteinase (TIMP)-1 were evident in reverse zy-

mography experiments (Fig. 4b).

Effect of RECK in 3-D invasion

Following culture of the cell suspension in PuraMatrixTM

gel impregnated with collagen type I, cell invasion was

observed with inverted fluorescence microscopy using a

comparison of maximal horizontal expansion by time-lapse

analysis as a 3-D invasion system (Fig. 5a). In comparison

with the control, cell invasion was clearly inhibited upon

transfection of full-length RECK, but elevated by gene

Fig. 1 Expression of reversion-

inducing cysteine-rich protein

with kazal motifs (RECK).

(a) Fluorescence

immunohistochemistry confirms

RECK expression in the

parenchyma of pituitary

adenoma tissue (DAPI, nucleus:

Texas Red, RECK) (PRL-oma,

44 y/o male). (b) Western

blotting reveals a 102 kDa band

in the pituitary adenoma cell

line, HP-75
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silencing with siRNA at 72 h (Fig. 5b). Maximum hori-

zontal expansion was measured every 12 h. Cells transfected

with full-length RECK displayed a lower invasion rate

(% of maximum horizontal expansion versus 0 h) after

24 h, and those treated with siRNA exhibited a higher

invasion rate after 36 h. At 72 h, the invasion rates of cells

transfected with the full-length clone and siRNA were

132.56% and 689.56%, respectively, while the control

displayed 212.96% invasion, compared with values mea-

sured at 0 h (Fig. 6).

cDNA microarray analysis

We evaluated the quality of total RNA by cDNA micro-

array analysis. Values of raw siRNA or full-length clone

(Cy3)/control (Cy5) were assessed as normalized values in

dot-blot analysis, and hierarchical cluster analysis was

performed with the above software (Fig. 7). The cDNA

microarray analysis disclosed that full-length RECK

enhanced the expression of latrophilin 2, resistin like beta,

zinc finger protein B-14 and elastin microfibril interfacer 3.

Moreover, siRNA targeting RECK mRNA suppressed the

levels of basic helix-loop-helix domain containing, class B,

nuclear factor I/A and growth hormone releasing hormone

receptor (GHRHR) (Table 1). We obtained no significant

data suggesting gene downregulation by RECK (data not

shown).

Discussion

The present study yielded the following results: (1) RECK

is expressed in pituitary adenoma tissue and the HP-75 cell

line; (2) cell lines over- and under-expressing RECK are

successfully generated by transfecting full-length RECK

cDNA and siRNA, respectively, as confirmed using

Fig. 2 Western blotting after transfection of siRNA targeting RECK

(NM_021111) at 10, 20, 50 nM, compared with control (0 nM). The

siRNA-treated cells display suppressed RECK expression in a dose-

dependent manner. Accordingly, a concentration of 50 nM is

employed throughout the study

Fig. 3 Real-time RT-PCR demonstrates that full-length RECK

cDNA transfection leads to significantly elevated expression of

RECK mRNA. Conversely, the siRNA method results in marked

attenuation of RECK expression (means of expression relative to

b-actin). Mock, scramble oligonucleotide and empty vector do not

influence the expression of RECK mRNA. *Full-length clone;

P = 0.0022; **siRNA; P = 0.0022

Fig. 4 (a) Western blotting demonstrates an equivalent protein level.

(b) Zymography & reverse zymography. Zymography data reveal that

activities of MMP-2 and -9 in cells treated with siRNA are elevated,

and diminished in cells transfected with full-length RECK (upper
picture). However, mock, scramble oligonucleotide and empty vector

do not affect activity. Tissue inhibitor of metalloproteinase (TIMP)-1

activity is not affected by RECK, as shown using reverse zymography

(lower picture)
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real-time RT-PCR; (3) zymography experiments show that

cellular activities of MMP-2 and -9 are elevated by gene

silencing with siRNA, and diminished in those transfected

with the full-length clone; (4) a 3-D invasion assay of

PuraMatrixTM gel impregnated with collagen type I with

time-lapse analysis discloses that cell invasion is inhibited

after transfection of the full-length clone, but considerably

elevated upon gene silencing with siRNA; (5) compensa-

tory DNA microarray analysis demonstrates that RECK

regulates several additional signals, including latrophilin 2

and GHRHR. However, transcriptional regulation of the

MMP and TIMP family proteins by RECK was not

observed.

Tumour invasion by pituitary adenoma

While pituitary adenomas belong to the benign tumour

family, approximately 15–25% of cases display tumour

invasion into the hypophysis or cavernous sinus at initial

diagnosis [16, 17]. Invasive behaviour, the pathological

hallmark of pituitary adenomas, is responsible for the

failure of surgery as therapy [18]. Invasiveness of pituitary

adenoma can be observed especially in PRL-oma and

ACTH-oma. Thus, tumour invasion is integral to the

severity of pituitary adenomas. To date, few studies have

examined the molecular mechanisms that regulate these

invasive phenotypes with a view to improving the prog-

nosis of pituitary adenoma patients [19–22]. Gong et al.

showed that MMP-9 expression can be consistently used to

distinguish invasive from non-invasive pituitary tumours,

and reflect the extent of invasiveness in pituitary tumours

according to tumour subtype, size, extension, primary and

secondary surgery, even at the early stages of invasiveness.

MMP-9 is thus a confirmed biomarker used to predict the

invasive nature of pituitary tumours. Liu and colleagues

suggested that MMP-2 is associated with aggressiveness

and invasion in pituitary adenomas, but not tumour size or

secretory function. They concluded that MMP-2 is a useful

Fig. 5 Real-time 3-D invasion

assay. (a) In a PuraMatrixTM gel

impregnated with collagen type

1, cell invasion is observed by

inverted fluorescence

microscopy using a maximal

horizontal comparison by time-

lapse analysis per 12 h for 72 h.

(b) Images with fluorescence

microscopy. At 72 h, the

invasion of cells transfected

with siRNA is dramatically

elevated, while the invasion of

cells transfected with full-length

clone is inhibited

Fig. 6 In 3-D invasion assay, the invasion rates of cells transfected

with the full-length clone and siRNA are 132.56% and 689.56%,

respectively, while the control displays 212.96% invasion at 72 h,

compared with values measured at 0 h
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tool for assessing invasive potential. The MMP subtype

that predominantly regulates the invasion of pituitary

adenomas remains to be established. Molecular regulation

of MMPs is essential for proper ECM remodelling and

invasion, and MMPs are promising targets for tumour

therapy [23–25]. We previously reported that discoidin

domain receptor-1 mediates cell invasion-related signalling

between collagen type I and MMP-2 and -9 in pituitary

adenoma cells [25]. However, limited information is

available on the molecular mechanisms regulating MMP

activity in pituitary adenomas.

RECK and the anti-MMP function

The glycoprotein RECK (*102 kDa) is an endogenous

MMP inhibitor anchored to the cell membrane via glyco-

sylphostidylinositol [26]). The protein contains multiple

epidermal growth factor-like repeats and serine protease

inhibitor-like domains. RECK was isolated by cDNA

expression cloning as a gene that induces flat morphology

upon expression in the v-Ki-ras-transformed NIH 3T3 cell

line. Moreover, studies have shown that RECK antagonizes

multiple MMPs [7] and the function of membrane type 1

Fig. 7 We evaluate the quality

of total RNA in cDNA

microarray analysis. Values

of raw siRNA or full-length

clone (Cy3)/control (Cy5) are

assessed as the normalized value

in dot blot analysis, and

hierarchical cluster analysis

performed according to specific

software (GenMAPP: http://

www.genmapp.org/, Cytoscape:

http://www.cytoscape.org/)

based on gene annotation data

(NCBI: http://www.ncbi.nlm.

nih.gov/)

Table 1 Gene regulation by

RECK. Elevation and reduction

of pixel expression with

intensity changes greater than

1.60-fold (increase) and lower

than 0.66-fold (decrease) are

considered significant in terms

of changes in mRNA expression

Latrophilin 2 and growth

hormone releasing hormone

receptor (GHRHR) are

regulated by RECK

RECK cDNA RECK siRNA Key word Description

4.312 0.202 Proliferation Lctophilin 2

2.436 0.358 Anti-apoptosis Resistin-like beta

2.134 0.562 Zinc finger protein 814

2.134 0.425 Elastin microfobril interfacer 3

1.785 0.624 Basic helix-loop-helix domain

containing, class B, 8

1.624 0.526 Nuclear factor 1/A

1.621 0.424 (folds) GHRHR
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matrix metalloproteinase (MT1-MMP) to promote proM-

MP-2 and -9 maturation [11]. Clinically, in many tumour

types, expression of RECK is highly correlated with lower

invasiveness, and patients with high RECK expression in

tumour tissues show better prognosis [9]. The RECK gene

is expressed in various normal tissue and cell lines [27], but

is remarkably reduced and sometimes not even expressed

in tumour-derived cell lines [11, 28–33]. To our knowl-

edge, this is the first study examining RECK expression in

a pituitary adenoma cell line. Previous reports show that

the amounts of extracellular pro-MMP and active forms are

reduced in RECK-overexpressing stable cells and their

invasive potential is suppressed in glioma or osteosarcoma

cells [31, 34]. In our experiments, the levels of pro-MMP-9

and active MMP-2 in the supernatant were decreased after

RECK expression was induced in HP-75 pituitary adenoma

cells. Conversely, MMP protein levels were elevated after

silencing of RECK mRNA with siRNA. The in vitro

invasive ability of HP-75 cells in the 3-D invasion assay

was considerably enhanced after RECK siRNA transfec-

tion, which may be attributed to the abolished RECK

expression. Consistent with our previous findings, incor-

poration of cells into PuraMatrixTM, an artificial peptide

impregnated with collagen type I, provided a more per-

missive environment to analyze the role of ECM in

intracellular signal interactions [15]. Here, we employ an

optimal clinically relevant invasion model that is attenu-

ated by RECK. Our findings collectively suggest that

RECK plays a critical role in the regulation of MMPs and

tumour invasion in pituitary adenoma cells.

Signals regulated by RECK

While both RECK and TIMP proteins are MMP inhibitors,

they may play distinct roles in different processes. RECK

knock-out is lethal in mice at the embryonic stage, while

lack of TIMP-1 and -2 has little effect on development,

indicating that RECK shares little functional redundancy

with TIMPs. Mice lacking RECK died in utero with

reduced integrity of blood vessels, neural tube and mes-

enchymal tissues. In these mice, MMP activity was

elevated, and the amount of collagen type I was greatly

reduced [35]. The phenotypes exhibited by RECK-deficient

mice may be a consequence of aberrant metabolism of

types I and IV collagen. Furthermore, our data show that

RECK upregulates latrophilin 2, a component of epithelial-

mesenchymal transition within the atrioventricular canal of

the embryo [36], and GHRHR that mediates GHRH to

produce GH. Among the other factors affected by RECK,

nuclear factor 1/A binds to silencer elements in the gluta-

thione transferase P (GST-P) gene, and the carboxy

terminal region of NF1-A represses the transcriptional

activity of human metallothionein IIA (hMTIIA) promoter

[37], while resistin-like beta stimulates naive bone marrow-

derived macrophages to secrete significant amounts of

TNF-alpha and IL-6 [38]. Therefore, the abolishment of

RECK expression in knock-out mice is lethal, since lack of

this gene can lead to dysfunction of downstream genes that

are closely related to development. In pituitary adenoma

cells, expression of GHRHR via RECK may contribute to

tumour development [39–41].

RECK does not alter the transcriptional levels of MMPs

in the HT-1080 fibrosarcoma model [42], but interacts

directly with MMP-2 and -9 as well as MT1-MMP to

inhibit their activities [11]. Our current zymography

experiments confirm that the activities of MMP-2 and -9

are regulated by RECK. However, reverse zymography

data reveal that TIMP activity is not influenced by RECK.

The distribution of RECK in pituitary adenoma subtypes

requires further investigation.

Conclusion

We have demonstrated that RECK not only interacts

directly with MMP-2, and -9, but also regulates the intra-

cellular signalling of latrophilin 2 and GHRHR which, in

turn, modulate the tumour growth of pituitary adenomas.

These results support the theory that RECK is a promising

target for the treatment of pituitary adenoma.
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