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Restriction landmark genomic scanning for methyl-
tion (RLGS-M) was used to detect alterations in DNA
ethylation associated with murine SV40 T/t antigen-

nduced hepatocarcinogenesis. An altered locus/spot
S130) was cloned and found to correspond to se-
uences in the 5* flanking region and 5* portion of the
DNA for the murine mac25/insulin-like growth factor
inding protein-7 (Igfbp-7) gene. IGFBPs are believed
o be capable of binding insulin, Igf1, and Igf2 and
odulating mitogenic effects. Previous studies have

hown that Igf2 has an important role in promoting
iver tumorigenesis. Quantitative PCR was used to ac-
ess the methylation status of the NotI site just 5* to
he coding region and the expression level of the
ac25/igfbp-7 gene. The results indicated that the de-

ree of methylation was inversely related to the ex-
ression level and is consistent with a role for DNA
ethylation in silencing mac25/Igfbp-7 gene expres-

ion and function for mac25/Igfbp-7 as a tumor sup-
ressor gene. © 2000 Academic Press

Regional DNA hypermethylation of CpG islands is
elieved to contribute to tumor progression by silenc-
ng expression of tumor suppressor genes including

1 To whom correspondence should be addressed at Genome Science
aboratory, The Physical and Chemical Research (RIKEN) Koyadai
-1-1, Tsukuba, Ibaraki, 305-0074, Japan. Fax: 181-298-36-9098.
-mail: yosihide@rtc.riken.go.jp.
109
1–5). In this respect, methylation of the CpG islands
nd promoter regions appears to be an alternative to
utation or deletion for inactivating gene function.
Restriction landmark genomic scanning (RLGS-M)

6–9) can effectively be used for genome-wide screen-
ng for alterations in DNA methylation (10, 11).
LGS-M was previously used to screen for alterations

n DNA methylation associated with hepatocarcino-
enesis in transgenic mice containing a MUP (mouse
ajor urinary protein) enhancer/promoter driving ex-

ression of the SV40 T/t early region (12–14). In the
bove study, 14 RLGS loci/spots were cloned that ap-
eared to have alterations of DNA methylation status.
One of these loci was identified as a gene previously

eported to be involved in cancer, p16/Ink4a. The re-
ion of the murine p16/Ink4a gene that was found to be
ethylated corresponds to the same region which is
ethylated in human tumors and is associated with

ranscriptional silencing (15–17).
Further analysis of the DNA sequences of the spot

lones obtained in that study indicated that spot S130
ad strong homology to the human mac25 gene, also
nown as Igfbp7 and Igfbp-rp1 (18, 19). Insulin-like
rowth factor binding proteins are thought to be capa-
le of modulating growth by binding to IGFs, modify-
ng the interaction with the cognate receptor, and
hereby inhibiting the mitogenic activity. In addition,
he down-regulation of the human mac25/Igfbp-7 gene
0006-291X/00 $35.00
Copyright © 2000 by Academic Press
All rights of reproduction in any form reserved.
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ression in breast carcinomas (20).
Reactivation of Igf2 expression is a common event

uring murine hepatocarcinogenesis in transgenic
ice suggesting a role in malignant growth (21). More

ecently, the role of Igf2 in hepatocarcinogenesis was
nvestigated by crossing a MUP/SV40 T/t Antigen
ransgenic line with mice containing an Igf2 null allele.
he development of large tumors was reduced approx-

mately 15-fold in the absence of Igf2 expression, indi-
ating an important role for Igf2 in tumor growth and
rogression (22). The mitogenic effects of Igf2 are
hought to be mediated primarily through binding to
gf1 receptor. In addition, the transformation of mouse
mbryonic fibroblasts by SV40 T Antigen requires a
unctional Igf1 receptor (23). These results indicate
hat Igf2 expression and binding to the Igf1 receptor
ay be an important progressive event in hepatocar-

inogenesis in MUP/SV40 T/t Antigen transgenic mice.
he potential ability of mac25/Igfbp-7 to modulate and
lock the mitogenic response to the interaction of Igf2
ith the Igf1 receptor suggests that mac25/Igfbp-7

ould function as a tumor suppressor gene in this con-
ext. Therefore, the possible role of DNA methylation
n silencing mac25/Igfbp-7 was investigated further.
ur results indicate that there is an inverse relation-

hip between the degree of methylation and expression
f mac25/Igfbp-7. This is consistent with a role for DNA
ethylation in silencing mac25/Igfbp-7 gene expres-

ion and a function for mac25/Igfbp-7 as a tumor sup-
ressor gene.

ATERIALS AND METHODS

ice and SV40 T/t Antigen Transgenic Line
The MT-D2 transgenic line, which contains the SV40 early region

nder control of MUP enhancer/promoter has been described previ-
usly (12, 13). The MT-D2 transgene was made congenic in a
57BL/6J (B6) genetic background (MT-D2/B6) and mated with M.

pretus to produce F1 progeny. Multiple tumors develop which are
istopathologically characterized as hepatocellular carcinomas and
denomas. Normal liver was from B6 and M. spretus (44–48 weeks
f age) for control.

reparation of Genomic Clones and Screening
of the Full-Length cDNA Library
B6 genomic liver DNA was partially digested with MboI and

loned into lambda DASH II (Stratagene, U.S.A.). The full-length
DNA library from normal B6 liver, kidney, and lung was con-
tructed as reported previously (24). The high-density filter was
repared by dotting the full-length liver cDNA library to Biodyne B
PALL, U.S.A.) by Q-Bot (GENETIX, UK). Dot blot analysis was
erformed by screening the high-density filter probed with the phage
lone, M33, which contains the mac25/Igfbp-7genomic clone.

LGS Analysis and Sequence Analysis
RLGS Analysis was described previously (6–9). Sequence analysis
as performed using dye-primer reaction chemistry with LIC-
200L(S) system sequencer (Aloka, Japan).
110
Total RNA was prepared from 0.1–0.4 g of tumor sample. The
issues were homogenized in 4 ml Solution D (25) followed by the
ddition of 0.4 ml 2 M sodium acetate, pH 4.0, and one volume of
henol/chloroform (5:1). After extraction, RNA was precipitated from
he aqueous phase by adding one volume of isopropanol, and centri-
uged at 5500 rpm for 15 min at 4°C. The pellet was washed with 70%
thanol and resuspended in water. Selective cetyltrimethylammo-
ium bromide (26) precipitation was performed (24) to remove poly-
accharides. RQ-1 (Promega, U.S.A.) was added with an RNase in-
ibitor (Wako, Japan) and incubated 1 h at 37°C to remove
ontaminating DNA. The mixture was then extracted again with one
olume of phenol/chloroform (5:1), followed by ethanol precipitation.
he pellet was resuspended in water.

orthern Blot Analysis

Total RNA (10 mg) was electrophoresed in 0.8% agarose-
ormaldehyde denaturing gel and transferred to Biodyne B nylon
embranes. The probes for hybridization were labeled with

a-32P]dCTP by PCR. The solution for hybridization contained 10%
EG 8000, 1.53 SSPE, and 7% SDS. The membrane was washed in
3 SSPE, 0.1% SDS, followed by 0.53 SSPE, 0.1% SDS and then
utoradiographed with BAS film and analyzed using the BAS2000
ystem (FUJI, Japan).

uantitative PCR for RNA

The primers and TaqMan probe were designed by Primer Express
Perkin–Elmer, U.S.A.) software. The forward primer was 59-
AAGGA GGACGCTGGAGAGTATG-39, the reverse primer was
9-CGCGGAAGCCTGCC-39 and the TaqMan probe was 59-
GCCACGCATCCAACTCCCA-39. It was labeled at the 59 end with
he reporter dye molecular FAM (6-carboxy-fluorescein) and at the 39
nd with the quencher dye molecule TAMRA (6-carboxy-
etramethyl-rhodamine). For an internal control, we used the prim-
rs and TaqMan probe for the mouse GAPDH gene. The forward
rimer was 59-CAAAGTGGAGATTGTTGCC-39, the reverse primer
as 59-CTGGAACATGTAGACCATGTAGT-39, and the TaqMan
robe was 59-TCAACGACCCCTTCATTGACCTC-39. It was labeled
t the 59 end with FAM and at the 39 end with TAMRA. Amplification
eactions (50 ml) contained 50 ng total RNA, TaqMan EZ Buffer, 3
M manganese acetate, 300 nM dNTP, 200 nM forward and reverse

rimers, 100 nM TaqMan probe, 5 U rTth DNA polymerase, 0.5 U
mpErase UNG. Thermal cycler parameters included 2 min at 50°C,
0 min at 60°C, 5 min 95°C, and 40 cycles of 20 s at 94°C and 1 min.
t 60°C. The real-time data was collected with the ABI PRISM 7700
DS analytical thermal cycler (PE Applied Biosystems).

uantitative PCR for Methylation
Preparation of template DNA. Genomic DNA from tumors and

ormal B6 and M. spretus liver (10 mg each) were digested with PstI
Nippon Gene, Toyama, Japan) in a volume of 100 ml for 3 h. Fol-
owing phenol/chloroform extraction and ethanol precipitation, the
NA was resuspended in buffer containing 0.01% BSA and 0.01%

riton and an aliquot (50 ml) digested with NotI (Nippon Gene,
oyama, Japan) in a final volume of 100 ml for 3 h. The other aliquot

50 ml) was treated in the same manner except it was not digested
ith NotI. The templates were then extracted again with phenol/

hloroform and the DNA precipitated with ethanol. For each sample,
omplete digestion with NotI was confirmed by the electrophoresis
attern of the plasmid pBS II (0.1 mg) which was mixed with the
ormal or tumor DNA NotI digestion solution and incubated for 3 h.
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Primers for the mac25/Igfbp-7 gene were mac003 (59-TCGAT-
CAGCCACCTTATGATG-39) and mac010 (59-GGCATCCGAAGAG-
AGGAAG-39), which generated a 110-bp DNA fragment containing

he NotI sequence but not the PstI sequence. Primers for the mouse
-actin gene which served as an internal control were b-actin 338-F(59-
GCATTGTGATGGACTCCGG-39) and b-actin 338-R(59-AAAGAG-
CTCAGGGCATCGG-39), which generated a 338 bp DNA fragment

ontaining no NotI or PstI recognition sequences. PCR conditions: Am-
lifications were performed in 20-ml reaction mixtures containing 50 ng
enomic DNA, 5% DMSO, 160 nM dATP, dGTP, dTTP, 80 nM dCTP,
a-32P]dCTP, 500 nM primers for mac25/Igfbp-7 sequences, 50 nM prim-
rs for b-actin sequences, ExTaq buffer and TaKaRa ExTaq polymerase
TAKARA, Japan) using the PTC200 DNA Engine (M. J. Research,

FIG. 1. RLGS-M profile of B6 X M. spretus F1 normal liver DNA
egion containing the S130 spot is indicated by the rectangle in A. B
NA (left) and tumor DNA in which the intensity of the S130 spot

ompletely absent in 23 or 29 tumor samples.
111
.S.A.) under the following conditions: 3 min at 95°C, 30 cycles of 15 s
t 96°C 30 s at 61°C, 30 s at 72°C, and 1 min at 72°C.
PCR products were analyzed in 7.5% polyacrylamide gels. The gels
ere exposed to BAS IP film and the radioactivity of each lane was
uantified by BAS 2000 system.

tatistical Analysis

To determine the correlation between methylation status at the
ac/Igfbp-7 NotI site and the expression levels in tumor, a linear

egression analysis was performed. Data were analyzed with Stat-
iew J-4.5 software (Abacus Concepts, Inc, CA).

sing the restriction enzyme combination NotI, PvuII, and PstI. The
ows a magnification of this region in RLGS profiles of normal liver

s reduced (middle) or absent (right). The S130 spot was reduced or
u
sh

wa
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ESULTS

orrespondence of S130 to the mac25/Igfbp-7 Gene

The spretus-specific spot, S130, which had been
loned from the RLGS gel (Fig. 1A) was reduced or

FIG. 2. (A) Alignment of the full length mac25/Igfbp-7 cDNA (ou
ac25 cDNA (Murphy et al., 1993; GenBank Accession No. L19

orresponding to the S130 spot clone are indicated. The genomic S13
ac25/Igfbp-7 cDNA. The beginning and the end of amino acid codin

he murine MAC25 with the human MAC25. The differences in amin
nd the N-terminus.
112
bsent (Fig. 1B) in 23 of 29 tumor samples (14) indi-
ating that this RLGS locus/spot was methylated
nd/or deleted in the tumor samples. This locus/spot
ad been previously mapped to a region on chromo-
ome 5 (D5Rik124) (8). The spot clone (S130) was used

equence) with follistatin-like cDNA (Kato et al., 1996), and human
). The position of the NotI recognition sequence and the region
ot clone contains the identical 47 bp sequence from the 59 end of the
quence of murine mac25 cDNA are also indicated. (B) Alignment of

cid sequence were restricted to a few AA residues in the C-terminus
r s
182
0 sp
g se
o a
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s a probe for colony hybridization to identify a lambda
ASH II phage genomic clone (M33) containing the
130 sequence and 18 kb of adjacent genomic DNA.
he M33 genomic clone was hybridized to a high-
ensity filter containing a liver full-length cDNA li-
rary (24) which identified a cDNA clone of 1131 bp.
he 59 end of this cDNA clone contained a 47 bp se-
uence, which was identical to the region of NotI end of
he S130 spot clone. The NotI sequence in the genomic
lone was 6 bp from the start of the coding sequence.
he murine cDNA clone (GenBank Accession No.
B012886) had high homology to the human mac25/

gfbp-7. It also had fairly high homology to the murine
ollistatin gene as previously noted but differed some-
hat from the murine mac25 sequence previously re-
orted (27).

omology to Human mac25/Igfbp-7 Gene

The cDNA clone had high homology to human Mac25
ene located at 4q12 (20, 28) (Fig. 2A). Furthermore,
he RLGS locus (D5Rik124) maps to a region of mouse
hromosome 5, which is syntenic with human chromo-
ome 4q12. In the sequence of the human Mac25 gene,
he NotI recognition sequence present in the mouse
ust upstream of coding region was absent. The major
ifferences in amino acid sequence between murine
ac25/Igfbp-7 gene and human homologue were a few

mino acid residues in both the N-terminus and C-
erminus (Fig. 2B). Full-length cDNA clones from both
idney and lung cDNA libraries were isolated, se-
uenced, and found to be identical to that of the liver
DNA. The differences between the mac25/Igfbp-7 se-
uence reported here and that reported by Kato et al.
ould be a strain specific difference. Alternatively, it is
ossible that the clone reported by Kato et al. has a
eletion or is a splicing variant. The later appears to be
uled out since there was no apparent consensus se-

FIG. 2—Continued
113
NAs from normal B6 mouse tissues showed a single
and (Fig. 3).

xpression of Murine mac25/Igfbp7 Gene

A Northern blot of RNAs from various normal B6
ouse tissues is shown in Fig. 3. Each tissue showed a

ingle band. The murine mac25/Igfbp-7 gene was
ighly expressed in lung, kidney, small intestine, testis
nd uterus. The gene was moderately expressed in the
iver.

he Relation between the Methylation Status and
the Expression Level of the mac25/Igfbp-7 Gene

The murine mac25/Igfbp-7 gene has a NotI site 6
p from the transcription start site. A set of PCR
rimers was designed so that the PCR product in-
luded the NotI site. Although S130 is a spretus-
pecific allele, sequence analysis of PCR products
ndicated that both B6 and spretus alleles contain
he NotI site. Thus, the PCR assay described below
ccess the methylation status of both the B6 and
pretus alleles in tumors from the MT-D2B6 X M.
pretus F1 animals. Aliquots of Genomic DNA, either
igested with NotI or undigested, were amplified and
he level of products determined by quantitative
CR (Fig. 4A). The ratio of the products produced

rom each template, expressed as a percentage, is
hown in Fig. 4B. Amplification of b-actin (338 bp)
as used as an internal control to correct for slight
ariations in amplification in different samples. The
verage extent of methylation of the NotI site in
ormal B6 liver DNA was 31.1 6 5.1% (mean 6 SD,
5 4) and the average in M. spretus liver DNA was

0.2% (n 5 2). The average methylation of the NotI
ite in the eleven tumor samples was 67.4 6 25.4%
mean 6 SD). The expression level of the mac25/
gfbp-7 gene in tumor and control samples was ex-
mined by real-time PCR using TaqMan technology

FIG. 3. Northern blot analysis of mac25/Igfbp-7 mRNA in nor-
al B6 tissues. Lanes 1–12 are: 1, brain; 2, thymus; 3, lung; 4, liver;

, spleen; 6, kidney; 7, stomach; 8, small intestine; 9, large intestine;
0, testis; 11, uterus; 12, skin. A probe to mouse GAPDH mRNA was
ybridized to the blot to confirm approximately equal loading.
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29, 30). GAPDH gene expression levels were used as
n internal control to correct for differences in RNA
reparations. The mac25/Igfbp-7 gene was under-
xpressed in all tumor RNA (n 5 11; Fig. 4B). The
ethylation status and expression levels of mac25/

gfbp-7 in normal, non transgenic B6 liver were 27.2
nd 100% respectively, and those in M. spretus liver
ere 18.9% and 76% respectively. The average ex-
ression level in tumor RNA relative to RNA from
ormal B6 liver was 42.5 6 20.5% (mean 6 SD). The
esults indicate that the expression levels in tumor

FIG. 4. Quantitative PCR for methylation using sets of primer
ontransgenic B6 liver DNA (B6-1) and DNA from two liver tumor
he template DNAs were either digested (1) or not digested (2) w
.5% polyacrylamide gels and exposed to BAS IP film. Correlatio
uantitative PCR and expression of murine mac 25/Igfbp-7 gene
pretus F1 progeny, nontransgenic B6, and M. spretus were assay
xpression level (r 5 20.81, p , 0.001, y 5 20.74x 1 94.3). X axi
atio of PCR products produced from template DNA digested with
elative expression levels of mac25/Igfbp-7 in each tumor sample w
s a percent.
114
nd normal liver are inversely related to the meth-
lation status at the mac25/Igfbp-7 NotI site (r 5
0.81, p , 0.001, y 5 20.74x 1 94.3; Fig. 4B).

ISCUSSION

When using NotI as the restriction landmark,
hich has two CpGs in its recognition sequence,
LGS targets gene rich CpG islands. Since NotI is
ethylation sensitive, RLGS-M can be used to detect

lterations in methylation associated with tumori-

r mac25 (110 bp) and for b-actin (338 bp) as an internal control.
3-2 and L3-3) from MTD2B6 X M. spretus F1 progeny are shown.
NotI prior to amplification. The PCR products were analyzed on
etween Methylation status of NotI recognition sites assayed by
ayed by real-time RT-PCR. Twelve tumors from MTD2B6 X M.

. There was an inverse relation between methylation status and
ethylation status; the percent methylation is determined by the

otI to that produced from undigested template DNA. Y axis: The
compared with that in normal B6 liver (100%) and are expressed
s fo
s (B
ith
n b
ass
ed

s: M
N

ere
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egions of the genome that are frequently methyl-
ted in liver tumors from MUP/SV40 T/t Antigen
ransgenic mice (14). In that study, 14 loci were
loned, sequenced and utilized for a DNA data base
earch (BLAST). One of the loci was identified as
16/Ink4a gene reported to be involved in tumorigen-
sis. The region methylated in the murine p16 tumor
uppressor gene included exon 1, which is hyper-
ethylated in human tumors and results in tran-

criptional silencing (15).
In this study, we found one of the other spot clones

S130) corresponds to mac25/Igfbp-7. This conclusion
s supported by the fact that full-length murine Mac25/
gfbp-7 cDNA contains sequences identical to S130 and
130 (D5Rik124) maps to a region of chromosome 5
yntenic to human chromosome 4q12, the locus for the
uman Mac25 gene (28).
The NotI site that becomes methylated in the tumors

s just 6 bp downstream of the putative translation
nitiation site. Using quantitative PCR, the expression
f the mac25/Igfbp-7 gene was found to be inversely
elated to the methylation status of the NotI site indi-
ating that the mac25/Igfbp-7 gene is down-regulated
uring hepatocarcinogenesis and may function as a
umor suppressor gene. The partial methylation of the
otI site in normal B6 liver DNA (31.1%) and in nor-
al M. spretus liver DNA (20.2%) may be due to the
ethylation of the mac25/Igfbp-7 gene in some cell

ypes contained in the liver tissue. The lack of complete
ethylation and silencing within the tumors may be

ue to tumor heterogeneity and/or contaminating nor-
al tissue. It may be possible to distinguish these

ossibilities by using laser capture microdissection
echnology (31).

The mac25/Igfbp-7 gene is a member of a family of
nsulin-like growth factor binding proteins which are
apable of specifically binding insulin, Igf1, or Igf2 and
odulating their interaction with their cognate recep-

or (32). Depending on Igfbp and cell type, the interac-
ion of Igfs and Igfbp can either enhance or suppress
he mitogenic response. The binding affinities of differ-
nt Igfs for different Igfbps vary. Human IGFBP 1-6
ind IGFs with high affinity whereas mac25/Igfbp-7
inds IGFs at somewhat lower affinity. The human
GFBP-7 protein was shown to bind insulin with high
ffinity and block insulin action (33). However, even
ith somewhat lower affinity for binding IGFs, mac25/

gfbp-7 should still be capable of modulating interac-
ion with their receptor (34).

Kato et al. suggests that the murine mac25/Igfbp-7
ay function as an activated follistatin-like gene and

ct as a growth suppressor by modulating signaling
y the transforming growth factor-b (TGFb) family.
he N-terminal region of mac25/Igfbp-7 has consid-
rable homology to other members of the Igfbp fam-
115
ver, the C-terminus of mac25/Igfbp-7 lacks a
onserved domain present in Igfbp 1-6. This may
ccount for its somewhat lower affinity for Igfs than
gfbp 1-6. Kato et al. also suggests that the lack of
his C terminal region may impart an activated fol-
istatin activity. However, evidence for binding of
GFb is currently lacking whereas there is clear
vidence that mac25/Igfbp-7 specifically binds Igfs
32). Thus, current evidence favors an Igf binding
unction for mac25/Igfbp-7.

Although mac25/Igfbp-7 binds Igfs with somewhat
ower affinity than insulin, the binding is specific. In
ddition, mac25/Igfbp-7 has a wide distribution in
ormal tissues and expression is reduced in a variety
f tumor cell lines, suggesting that mac25/Igfbp-7
ay function as a tumor suppressor gene (34). The
ac25/Igfbp-7 gene was found to be expressed in
ormal breast tissue, but down-regulated in hyper-
lastic and DCIS (ductal carcinoma in situ), and
here was no detectable expression in invasive car-
inoma (20). In addition, mac25/Igfbp-7 was found to
e greatly up-regulated in senescent normal mam-
ary epithelial cells, further supporting a role in

rowth suppression (28).
Igf1 and Igf2 have important growth stimulating

oles in normal development and have potent mito-
enic activity in a variety of tumor cell types. The
rowth stimulatory effects of Igf2 are through binding
o the Igf1 and insulin receptors (35, 36). Moreover, the
argeted disruption of the Igf1 receptor prevents trans-
ormation of mouse embryonic fibroblasts by SV40 T
ntigen. The ability to transform these cells can be
estored by transfection with a plasmid expressing the
uman IGF1 receptor (23).
There is abundant evidence that Igf2 has an impor-

ant role in tumorigenesis. Igf2 is paternally expressed
mprinted gene, which plays a major role in tissue
vergrowth and tumorigenesis associated with Beck-
ith Wiedemann syndrome (37). The loss of Igf2 im-
rinting (LOI) resulting in biallelic expression of Igf2
as been observed in a number of tumor types (38).
The overexpression and reactivation of Igf2 ex-

ression is frequently observed in hepatocellular car-
inomas from humans (39) and transgenic mice (21,
0, 41) suggesting a role in promoting hepatocarci-
ogenesis. This possibility was tested directly by
reating Igf2 (1/2) MUP SV40 T/t Antigen trans-
enic mice (22). These mice were essentially null for
gf2 expression since the paternal Igf2 allele is null
nd imprinting normally precludes expression from
he maternal allele. Hepatocarcinogenesis in these
ice was strongly suppressed. Male mice exhibit a

5-fold reduction in the frequency of large tumors
ndicating that re-expression of Igf2 is a selective
vent in hepatocarcinogenesis. Similar results indi-
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uppressed development of insulinomas in Rat Insu-
in Promoter/SV40 T Antigen (RIP-Tag) transgenic

ice (42). The reactivation of the normally silent
aternal Igf2 allele in Tgfa induced hepatocellular

arcinomas in mice is also consistent with a major
ole for Igf2 in hepatocarcinogenesis (43).
Recently published results provide additional evi-

ence that Igfbps can modulate liver tumorigenesis in
V40 T antigen transgenic mice (44). These results

ndicate that over-expression of TIMP-1 (Tissue Inhib-
tor of Metalloproteinase 1) inhibits SV40 T antigen
nduced hepatocarcinogenesis by blocking degradation
f Igfbp-3. Thus, in this case, the post transcriptional
p-regulation of an Igfbp suppresses Igf2 promoted
umorigenesis.

The potential ability of mac25/Igfbp-7 to bind Igf2
nd inhibit its interaction with the Igf1 receptor
ndicates that the mac25/Igfbp-7 could act as a tumor
uppressor gene in this context. The results pre-
ented here, indicating that the expression of mac25/
gfbp-7 is down-regulated as a consequence of DNA
ethylation, is consistent with a role as a tumor

uppressor gene.

CKNOWLEDGMENTS

We thank M. V. Kato for valuable discussion; P. Carninci, Y.
hibata, M. Ito, and Y. Yoda for technical advice; A. Hara, Y. Iino,
nd R. Koizumi for technical assistance; and N. Kazuta for secre-
arial assistance. We also thank all the members of Division of
xperimental Animal Research and the Physical and Chemical
esearch (RIKEN) for cooperation and advice. This study was
upported by the Core Research of Evolutional Science and Tech-
ology Program (CREST) from Japan Science and Technology
orporation Funds, Research Grant for the Genome Exploration
esearch Project from the Science and Technology Agency, Hu-
an Genome Program from the Ministry of Education and Cul-

ure, and a Grant for a second-term Comprehensive 10-Year Strat-
gy for Cancer Control from the Ministry of Health and Welfare of
apan (to Y. H.). This work was also supported by National Cancer
nstitute Grant CA68612 (to W.A.H.) and by National Cancer
nstitute Core Grant 5P30CA16056 (to Roswell Park Cancer In-
titute).

EFERENCES

1. Bird, A. P. (1986) Nature 321, 209–213.
2. Jones, P. A. (1995) Trends Genet. 15, 34–37.
3. Jones, P. A. (1996) Cancer Res. 56, 2463–2467.
4. Zing, J. M., and Jones, P. A. (1997) Carcinogenesis 18, 869–882.
5. Baylin, S. B., Herman, J. G., Graff, J. R., Vertino, P. M., and Issa,

J. P. (1998) Adv. Cancer Res.72, 141–196.
6. Hatada, I., Hayashizaki, Y., Hirotsune, S., Komatsubara, H., and

Mukai, T. (1991) Proc. Natl. Acad. Sci. USA 88, 9523–9527.
7. Hayashizaki, Y., Hirotsune, S., Okazaki, Y., Hatada, I., Shibata,

H., Kawai, J., Hirase, K., Watanabe, S., Fushiki, S., Wada, S.,
Sugimoto, T., Kobayakawa, K., Kawara, T., Katsuki, M., Sibuya,
T., and Mukai, T. (1993) Electrophoresis 14, 251–258.
116
Akasako, A., Muramatsu, M., Kawai, J., Hirasawa, T., Wa-
tanabe, S., Shiroishi, T., Moriwaki, K., Taylor, B. A., Matsuda,
Y., Elliott, R. W., Manly, K. F., and Chapman, V. M. (1994)
Genetics 138, 1207–1238.

9. Okazaki, Y., Okuizumi, H., Sasaki, N., Ohsumi, T., Kuromitsu,
J., Hirota, N., Muramatsu, M., and Hayashizaki, Y. (1995) Elec-
trophoresis 16, 197–202.

0. Shibata, H., Hirotsune, S., Okazaki, Y., Komatsubara, H., Mu-
ramatsu, M., Takagi, N., Ueda, T., Shiroishi, T., Moriwaki, K.,
Katsuki, M., Chapman, V. M., and Hayashizaki, Y. (1994).
Mamm. Genome 5, 797–800.

1. Plass, C., Shibata, H., Kalcheva, I., Mullins, L., Kotelevtseva, N.,
Mullins, J., Kato, R., Sasaki, H., Hirotsune, S., Okazaki, Y.,
Held, W. A., Hayashizaki, Y., and Chapman, V. M. (1996) Nature
Genet. 14, 106–109.

2. Held, W. A., Mullins, J. J., Kuhn, N. J., Gallagher, J. F., Gu,
G. D., and Gross, K. W. (1989) EMBO J. 8, 183–191.

3. Schirmacher, P., Held, W. A., Yang, D., Biempica, L., and Rogler,
C. E. (1991) Am. J. Pathol. 139, 231–241.

4. Akama, T. O., Okazaki, Y., Ito, M., Okuizumi, H., Konno, H.,
Muramatsu, M., Plass, C., Held, W. A., and Hayashizaki, Y.
(1997) Cancer Res. 57, 3294–3299.

5. Merlo, A., Herman, J. G., Mao, L., Lee, D. J., Gabrielson, E.,
Burger, P. C., Baylin, S. B., and Sidransky, D. (1995) Nature
Med. 7, 686–692.

6. Costello, J. F., Berger, M. S., Huang, H. S., and Cavenee, W. K.
(1996) Cancer Res. 56, 2405–2410.

7. Gonzalez-Zulueta, M. N., Bender, C. M., Yang, A. S., Nguyen, T.,
Beart, R. W., Van Tornout, J. M.,and Jones, P. A. (1995) Cancer
Res. 55, 4531–4535.

8. Murphy, M., Pykett, M. J., Harnish, P., Zang, K. D., and George,
D. L. (1993) Cell Growth Differ. 4, 715–722.

9. Baxter, R. C., Binoux, M. A., Clemmons, D. R., Conover, C. A.,
Drop, S. L. S., Holly, J. M. P., Mohan, S., Oh, Y., and Rosenfeld,
R. G. (1998) Endocrinology 139, 4036.

0. Burger, A. M., Zhang, X., Li, H., Ostrowski, J. L., Beatty, B.,
Venazoni, M., Papas, T., and Seth, A. (1998) Oncogene 16, 2459–
2467.

1. Schirmacher, P., Held, W. A., Yang, D., Chisari, R. V., Rustum,
Y., and Rogler, C. E. (1992) Cancer Res. 52, 2549–2556.

2. Haddad, R., and Held, W. A. (1997) Cancer Res. 57, 4615–
4623.

3. Sell, C., Rubini, M., Tubin, R., Lui, J. P., Efstratiadis, A., and
Baserga, R. (1993) Proc. Natl. Acad. Sci. USA 90, 11217–
11221.

4. Carninci, P., Westover, A., Nishiyama, Y., Ohsumi, T., Okazaki,
Y., Itoh, M., Nagaoka, S., Sasaki, N., Okazaki, Y., Muramatsu,
M., Schneider, C., and Hayashizaki, Y. (1997) DNA Res. 4, 61–
66.

5. Chomczynski, P., and Sacchi, N. (1987) Anal Biochem. 162,
156–159.

6. Del Sal, G., Manfioletti, G., and Schneider, C. (1989) Biotech-
niques 7, 514–519.

7. Kato, M. V., Sato, H., Tsukada, T., Ikawa, Y., Aizawa, S., and
Nagayoshi, M. (1996) Oncogene 12, 1361–1364.

8. Swisshelm, K., Ryan, K., Tsuchiya, K., and Sager, R. (1995) Proc.
Natl. Acad. Sci. USA 92, 4472–4476.

9. Gibson, U. E. M., Heid, C., and Williams, P. M. (1996) Genome
Res. 6, 995–1001.

0. Heid, C. A., Stevens, J., Livak, K. J., and Williams, P. M. (1996)
Genome Res. 6, 986–994.



31. Emmert-Buck, M. R., Bonner, R. F., Smith, P. D., Chuaqui, R. F.,

3

3

3

3

3

3

38. O’Dell, S. D., and Day, I. N. (1998) Int. J. Biochem. Cell Biol. 30,

3

4

4

4

4

4

Vol. 267, No. 1, 2000 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
Zhuang, Z., Goldstein, S. R., Weiss, R. A., and Liotta, L. A. (1996)
Science 274, 998–1101.

2. Kim, H-S., Nagalla, S. R., Oh, Y., Wilson, E., Roberts, C. T., Jr.,
and Rosenfeld, R. G. (1997) Proc. Natl. Acad. Sci. USA 94,
12981–12986.

3. Yamanaka, Y., Wilson, E. M., Rosenfeld, R. G., and Oh, Y. (1997)
J. Biol. Chem. 272, 30729–30734.

4. Oh, Y., Nagalla, S., Yamanaka, Y., Kim, H. S., Wilson, E., and
Rosenfeld, R. G. (1996) J Biol Chem. 271, 30322–30325.

5. Baker, J., Liu, J. P., Robertson, E. J., and Efstratiadis, A. (1993)
Cell 75, 73–82.

6. Morrione, A., Valentinin, B., Xu, S. Q., Yumet, G., Louvi, A.,
Efstratiadis, A., and Baserga, R. (1997) Proc. Natl. Acad. Sci.
USA 94, 3777–3782.

7. Weksberg, R., Shen, D. R., Fei, Y. L., Song, Q. L., and Squire, J.
(1993) Hum. Mol. Genet. 3, 1297–1301.
117
767–771.
9. Cariani, E., Lasserre, C., Seurin, D., Hamelin, B., Kemeny, R.,

Franco, D., Czech, M. P., Ullrich,, A., and Brechot, C. (1988)
Cancer Res. 48, 6844–6849.

0. Held, W. A., Pazik, J., Giancola, O’Brien, J., Kerns, K., Gobey,
M., Meis, R., Kenny, L., and Rustum, Y. (1994) Cancer Res. 54,
6489–6495.

1. Casola, S., Ungaro, P., Pedone, P. V., Lazzaro, D., Fattori, E.,
Ciliberto, G., Zarrili, R., Bruni, C. B., and Riccio, A. (1995)
Oncogene 11, 711–721.

2. Christofori, G., Naik, P., and Hanahan, D. A. (1994) Nature
(London) 369, 414–417.

3. Harris, T. M., Rogler, L. E., and Rogler, C. E. (1998) Oncogene
16, 203–209.

4. Martin, D. C., Fowlkes, J. L., Babic, B., and Khokha, R. (1999)
J Cell Biol. 146, 881–892.


	MATERIALS AND METHODS
	FIG. 1
	FIG. 2

	RESULTS
	FIG. 3
	FIG. 4

	DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES

