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Abstract GCs, and a strong correlation between methylation and a poorly
differentiated histological phenotype was observed. To investigate
) i ) ) methylation, we performed a combination of bisulfite treatment and
ﬁe?c:;r;ry of cells. Recently, one of the 14-3-3 protein family mgmbers, fluorescence PCR-SSCP. PCR products from bisulfite-treated DNA
-3-30, was shown to be regulated byp53 and to play a role in the . . }
G,-M-phase checkpoint. To determine whetherl4-3-3o is inactivated in were electrophoresed in nondenaturing polya}crylamlde gels, and
human cancers, the methylation status of the Sregion of 14-3-3r was Methylated and unmethylated alleles were readily detected due to thg
investigated in a series of gastric, colorectal, and hepatocellular cancer cell different mobility caused by different conformations (11). This novel 5
lines. Of 22 cell lines examined, 6 showed aberrant methylation. The procedure can provide information about the methylation level of th
methylation status of 14-3-30 was found to be correlated with loss of gene and is quite easy to adapt to a large number of samples.
expression, which was restored by 5-aza‘2leoxycytidine treatment. Fur-
thermore, normal G, arrest after DNA damage was not demonstrated in
the cell lines with methylation. In primary gastric cancers, 14-3-30 hy-
permethylation was observed frequently in 26 of 60 (43%) cases and  Cell Lines and Cancer Tissue SamplesGC cell lines (MKN28, MKN45,
observed more frequently in poorly differentiated adenocarcinomas MkN74, AZ521, NUGC3, JRST, and Katolll), CRC cell lines (DLD1, HT29,
(P =0.0017). Our findings suggest thall4-3-30 is inactivated by aberrant  cT116, BM314, WiDr, Colo201, Colo205, and Col0320DM), and HCC cell
methylation of the 5' region in various human cancers and that it might  |ines (CHC4, CHC20, CHC32, Chang, and PLC/PRF/5) were cultured in§
play an important role in the development of undifferentiated gastric Rrpm|1640 supplemented with 10% FCS. HCC cell lines (RKO, HLE, and 3
cancers. HuH7) were cultured in DMEM supplemented with 10% FCS. Fresh frozeng
tumor tissue samples of GCs were obtained from surgical resections. A seri@
Introduction of GC xenograft tissues was established in our laboratory by implanting fresf%

L . surgically resected tissues into severe combined immunodeficient (SCID) micé
Members of the ubiquitous and highly conserved 14-3-3 pl‘OteH&)rsally. Genomic DNAs were extracted from the cell lines and tumor tissueéﬁ

family modulate a wide variety of cellular processes, such as preveg-, standard phenol/chloroform procedure. Total RNA was extracted from thé
ing apoptosis in association with a Bel-2 family member, BAD (1, 2)ell lines and xenograft tissues by using a RNA extraction kit, Sepagene
and the G checkpoint control binding with Cdc25C (3, 4). Tle (Nippon Gene Co., Tokyo, Japan).

isoform of 14-3-3 (also called stratifin or HME-1) is expressed in Bisulfite Modification. Bisulfite modification was performed as de-
keratinocytes (5) and epithelial cells (B}-3-3r has been shown to scribed previously (12). Briefly, approximately.dy of genomic DNA were
be associated with growth regulation and signal transduction (6, 7)d@atured in 0.2 NaOH for 10 min. Sodium bisulfite (Sigma, St. Louis,
well as with cellular dedifferentiation (8), although its function has ndfl©) was added to a final concentration of 31, and hydroquinone
been elucidated. Recently, Hermekietgal. (9) reported that expres- (S19ma) was added to a final concentration of 0.8.rThe reaction was
sion of 14-3-3r mRNA was induced in @53-dependent manner in performed at 50°C for 16 h. Modified DNA was purified using Wizard

. L . DNA purification resin (Promega) according to the manufacturer’s recom-
response to DNA damage causedypyradiation and DNA-damaging - = . 0o b 50 of water. Modification was completed by

agents, and overexpressionlaf-3-3r blocks the cell cycle at the_2G_ NaOH (final concentration, 0.@) treatment for 5 min at room temperature,

phase. More.ref:en.tIy.L4-3-3r has been shown to prevgnt mitoticto|iowed by ethanol precipitation.

catastrophe, indicating tha#l-3-3 plays an important role in theG  pjsuifite  Genomic Sequencing AnalysisSodium ~bisulfite-modified

checkpoint (10). Despite the putative tumor suppressor activity génomic DNA was PCR amplified by using two primer pairs specific for the 5

14-3-37, mutations or loss of the gene in human cancers have not beegion of the14-3-3r gene: é) the sequence that includes the transcription start 8

reported. In the present study, we investigated the aberrant methylig (region 1); andk) the subsequent sequence (region 2). Region 1 correspond®

tion of the 3 region of thel4-3-3r gene in a series of GECRC, and to —220 to +116, and region 2 corresponds 93 to +350 (Fig. 1A). PCR

HCC cell lines. Six of the cell lines showed aberrant methylation, arigactions were performed in a volume of 0 containing 1x PCR buffer

the methylation correlated well with the loss @#-3-3r mRNA  (Takara, Tokyo, Japan), 0.25nuNTP, 1um of each primer, and 2.5 units of Taq

expression. Methylation 014-3-3r was also observed in primary polymerase (Takara). PCR conditions were 95°.C for 5 mlq .and. 35 cycles at 95°C
for 30 s, 53°C for 30 s, and 72°C for 30 s for region 1 amplification and 35 cycles

at 95°C for 30 s, 56°C for 30 s, and 72°C for 30 s for region 2. In all PCRs,

%olymerase was added after the heat block had reached 95°C to effect a hot star of

The cell cycle checkpoint plays an important role in maintaining the

o|u
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The costs of publication of this article were defrayed in part by the payment of page o .
charges. This article must therefore be hereby maeddrtisementn accordance with  the amplification. Primer sequences are as follo@s5(-AAAGGTGTTAGTG-

18 U.S.C. Section 1734 solely to indicate this fact. ) _ TAGGTGGGGTT-3 (region 1, sense primer)b) 5'-CCTACTCTACCAACT-

c ;SUP(F:OFI:EIT by :Igrél";“"'\;l"ﬁl‘_'d from the {\glmftry Ioff lllzducfatlonj Smen;e, lStpofrts ;‘1 IMACCTTCT-3 (region 1, antisense primer))(5-AGAAGGTTAAGTTGG-
ulture (to F. 1. and K. I.). M. T. was a postdoctoral fellow from Japan Society for , ; ; ) ;

Promotion of Science. H. S. and F. I. contributed equally to this work. TAGAGTAGG-3 (reglon' 2, sense prlmer)', and)(5 'C'C_:T‘ MAACTCAAT-

2 To whom requests for reprints should be addressed, at First Department of Inte@dICCACCTTCTC-3 (region 2, antisense primer). Amplified PCR products were
Medicine, Sapporo Medical Ulniverts]ig, S-1, \/21/-16, Chuo-ku, Sapporo, 060-8543, Japglbned by using the pGEM-T Easy Vector System (Promega, Madison, WI).
Fax: 81-011-613-1141; E-mail: fitoh@sapmed.ac.jp. ; i ; : fon ; f ;

3The abbreviations used are: GC, gastric cancer; CRC, colorectal cancer; Hgé:e,lsmld DNAs were purlfle.d with the QIAfilter Mldlpl‘?p Kit (Qiagen, Hilden,
hepatocellular cancer; SSCP, single-strand conformational polymorphism; RT, revé@'many). Sequence reactions were performed by using the Auto Read Sequenc-
transcription; dNTP, deoxynucleotide triphosphate; CIN, chromosomal instability.  ing Kit (Pharmacia Biotech, Uppsala, Sweden). Samples were loaded onto 6%
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urea-polyacrylamide denaturing gels in an ALF express automated DNA $esults
quencer (Pharmacia Biotech). Five to 10 clones were sequenced for each cell line. ) ) .
Bisulfite-SSCP Analysis. For SSCP analysis, two regions of thé-3-3r Methylation Analysis of the 14-3-30- 5" CpG lIsland in Tumor
gene were PCR amplified with the same primer sequences described abov&®ll Lines. The 14-3-3r gene has a CpG island that spans approxi-
which each sense primer was end-labeled with Cy5. @hef fluorescent Mmately 850 bp. This area has a 65% GC content, and the CpG:GpC
products was diluted with 1@l of loading dye (95% formamide, 20 m ratio is 0.53, which fulfills the criteria for a CpG island (14). This
EDTA, 0.05% xylene cyanol, and 0.05% bromphenol blue), heat denatured island is unique in the sense that the transcription start site is located
5 min at 95°C, cooled on ice for 5 min, and loaded onto 5% polyacrylamid®t the B edge of the island, and the most CpG-rich area is in the
nondenaturing gel (99:1 acrylamide to bisacrylamide) containing 5% glycergbding region of the gene. We investigated the methylation status of
in an ALF express automated DNA sequencer (Pharmacia Biotech). Electfige § region of14-3-3rin 7 GC, 8 CRC, and 7 HCC cancer cell lines.
phoresis was performed for 400 min, and during electrophoresis, the gel wasnomic DNA extracted from the cell lines was treated with sodium
kept at 30°C with a circulator instrument. Obtained data were analyzed usitf)‘%ulfite, followed by PCR amplification of the’5region of the
Fragment Manager Software (Pharmacia Biotech). Details of the protocol L33 gene. Because unmethylated cytosine residues were con-
as reported previously (11)' - - verted to thymine, whereas methylated cytosine residues were resis-
Northern Blot Analysis. A 375-bp probe specific for the' 3egion of the %nt to bisulfite modification, different sequences should be created
t

14-3-3r gene was generated by PCR amplification as described previously . . , .
The PCR product was cloned and sequenced, and it was verified to ecordlng to the methylation status. TherBgion that encompasses

consistent with4-3-37. The probe was labeled wiffP dCTP by using the | e transcription start site and the subsequent region (regions 1 and

SN

Random Primer Labeling Kit (Takara) and hybridized at 42°C, followed b Fig. 1A) Were_ampl'f'ed and analyzed by bisulfite-SSCP (F'B)'_l %_
analysis using an autoradiograph instrument (BAS2000; Fuji Film, TokygdW0 GC cell lines (MKN28 and MKN74), one CRC cell line §
Japan). (Colo320DM), and three HCC cell lines (Chang, HLE, and HuH7) &
5-Aza-2-deoxycytidine Treatment. Cell lines that did not expres$4- §
3-30 were treated with 5-aza-2leoxycytidine (Sigma) that was dissolved in ;z’
cold RPMI1640 immediately before use. Cells were grown in a medium A 200 bp §
containing 5um 5-aza-2-deoxycytidine for 5 days, and the medium and drug — %
were replaced every 24 h. CpG WL LU DRI T DT LI SO i e §
mRNA-selective PCR. RT-PCR for14-3-3r was performed by using the region 1 == e
mRNA-selective PCR kit (Takara). RT reactions were performed in a volume region 2 = cg
of 50 ul containing 1 X mRNA-selective PCR buffer, 5 mMgCl,, 1 mm §
dNTP/analogue mixture, 0.8 unif/ RNase inhibitor, 0.1 unit/l avian myelo- B region 1 region 2 %
blastosis virus reverse transcriptase XLyt oligo (dT) primer, and lug of &
total RNA. The RT conditions were 30°C for 10 min, 42°C for 30 min, and 5°C MKN28 J\ M §
for 5 min. Subsequent PCR reactions were performed in a volume @fl 50 MKN74 J\A f/\ww 3
containing 1 X mRNA-selective PCR buffer, 5 m MgCl,, 1 mv dNTP/ Colo320DM A -_/\/\- é:
analogue mixture, 0.1 unitl avian myeloblastosis virus-optimized Taq, 0.4 =)
uM of each primer, and 10l of the RT reactant. The PCR conditions were 25 Chang A /\«¥_ g
cycles at 85°C for 1 min, 58°C for 1 min, and 72°C for 1 min. Because cDNA HLE A M N
generated by the RT reaction contained dNTP analogues and was denatured at HuH7 JL ‘/\/\ %
85°C, contaminating genomic DNA should not be amplified in the PCR e
reaction. Forl4-3-3r mRNA amplification, the same primer sequences used MKN45 J\J J \ E
for generating the Northern blot probe were used. The integrity of RNA was AZ521 ‘/\J /\ S
evaluated by amplification of humaBAPDH mRNA. Primer sequences for NUGC3 A N %
GAPDH were 3-CAGCCGAGCCACATCG-3 (sense) and 'STGAGGCT- g
GTTGTCATACTTCTC-3 (antisense). JRST A AN s
Genomic PCR Amplification. Twenty-two cell lines listed above were CHC32 _/L “j\. g
examined for mutation by DNA sequencing. The PCR reaction was performed g»
in a volume of 5Qul containing 1X PCR buffer, 0.25 m dNTP, 1um of each §
primer, and 2.5 units of Taq polymerase at 95°C for 5 min and 35 cycles at coG UL R T AR A >
95°C for 1 min, 68°C for 1 min, and 72°C for 1 min. Primer sequences specific ?
for the 14-3-3r gene were 5AGAGACACAGAGTCCGGCATTGGTC- N
CCAGGCAGCA-3 (sense) and 'SACCCCATACTAGTCCTCTCGGCA- wKNTd G000 0000000000000 R
GGGTGGGGGACT-3 (antisense). Amplified PCR products were cloned by MKN28 D DDIIDIDDIIIDIIIIID
using the pGEM-T Easy Vector System (Promega) and sequenced as described Col0320DM PP PP PPV 00000000000
above. Chang A3V 0000000000000000

Flow Cytometry Analysis. Cells were rinsed in PBS buffer, trypsinized, HLE 0900020000
collected by centrifugation, and stained by propidium iodide (Sigma). Flow 006660060000

cytometry was performed with a FACScan instrument (Becton Dickinson, San MKNes - OOO0O00000O00O0000O0OO00
Jose, CA). AZ521 000000060000 0000000060)

Mutation Analysis of p53 To detect mutations 0[[)53 SS(_:P was per- Fig. 1. Aberrant methylation of the’ &£pG island 0f14-3-3r in tumor cell lines.A,
formed for exons 5—-8. PCR was performed as described previously (13). Sest$ematic representation of theGpG island ofl4-3-3r is shown. An exon ol4-3-3r
primers were end labeled with Cy5. For SSCPullof PCR products was IS indicated by asolid box The transcription start site is indicated byamow. CpG sites

; : . o : . are indicated byertical bars The regions examined for methylation are shown beBw.
mixed with 10! of loading buffer, denatured at 95°C for 5 min, cooled on IC%c:—:tection of methylation 0f4-3-3r using bisulfite-SSCP analysis. The cell lines exam-

for 5 min, and electrophoresed in 5% polyacrylamide nondenaturing gelsig&d are shown on théeft. A distinct band shift is observed in MKN28, MKN74,
described above. The presence of abnormally migrating bands was confirfi@®320DM, Chang, HLE, and HUHT, summary of the bisulfite sequence in cell lines

; i ; 0 o ° o o~yvith or without 14-3-3r methylation. In total, 21 CpG sites around the transcription start
by four different conditions (with 5% glycerol at 15°C, 20°C, 25°C, and 30°C ite were examined by bisulfite sequencing. The methylated CpG sites are indicated by

Statistical Analysis. Statistical comparisons were performed USiNGgjig circle, and the unmethylated CpG sites are indicatedpgn circle The cell lines
Fisher's exact test. examined are shown on theft.
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A ) ) (43%) cases showed aberrant methylation of regions 1 and 2. Five
Methylation - Methylation + additional cases (two poorly and three moderately differentiated car-
% rb 7 Q(-‘\ﬁe, g cinomas) showeq methylation only in region 1. We also performed
{_\:? @?0@0(;\ @\\\‘z\db K *g"f{_é\ e S bisulfite sequencing for 5 of the 26 methylated cases and obtained
FPFPEE T FF 7 concordant results (data not shown). We then analyzed the correlation
14-33c = @ - - o iR — 1.3kb of 14-3-3r methylation and the clinicopathological features of the
—— tumors. For statistical analysis, we defined those tumors with both
e :me—zss region 1 and 2 methylation as methylated cases. Methylation of
14-3-3r was found preferentially in undifferentiated tumor types (1 of
B 12 well-differentiated adenocarcinomasrsus17 of 31 poorly dif-
g pod ferentiated adenocarcinomds= 0.0017; Fig. B). The mean age of
i \;g: ‘{;’b &rb é\u é\u” patients with methylated tissues was 59437.95 years, and the mean
FEEFEESE age of par:ients without nr:elthylation was 69.5|(B.52 years,ldergonr;
strating thatl4-3-3r methylation is not merely an age-related phe-
e = nomenon. Because good-quality RNA was not available from our
S m primary tumor samples, we investigatbt3-3r mMRNA expression in
five GC xenograft tissues established in our laboratory. Examples of
the methylation analysis of the xenografts are also shown in RAg. 3 §
C . . To avoid amplification from contaminated genomic DNA, we per- &
region 1 region 2 f . : : g
ormed mRNA-selective PCR. As shown in FigC3all three xe- 3
nograft tissues witli4-3-3r methylation showed no expression, and 2
MKN28 two xenografts withoutl4-3-3r methylation expressed the gene. g
5
I
MKN28 aza _/L _/\/‘/L g
A region 1 region 2 5_:
Fig. 2. Expression analysis df4-3-3r in various tumor cell lines by Northern blot. o)
Twenty ug of total RNA were electrophoresed, blotted, and transferred to nylon mem- e |: N A N, <
branes. A 375-bp fragment of DNA df4-3-3r was labeled with§?P]dCTP and hybrid- T N A %
ized with membranes. Cell lines with4-3-3r methylation MKN28, MKN74, Chang, o
HLE, andHuH?7) showed no or only negligible levels of expressi@). (Reexpression of Case 2 T A _J\_ 3
14-3-3r after 5-aza-2deoxycytidine treatment by selective mMRNA P(B).(aza 5-aza- R Gt El
2'-deoxycytidine treatment. The band sizeldf-3-3r is 375 bp.GAPDH was amplified N _/\,_ __,\_JL g
to examine the integrity of mRNA. Demethylation of thé GpG island 0f14-3-3r in Case3 ]: A g
MKN28 by 5-aza-2-deoxycytidine treatment is showrC). Methylation statuses of 1 —J\—/JL >
regions 1 and 2 were examined by bisulfite-SSCP before and after 5-afepRycytidine N ,_/L _—/\J\& <
treatment in MKN28. After treatment, the peak of shifted bands was reduced for both Case 4 |: i
regions 1 and 2. T _/\’\__ _,_/\,_,/\__ &
i [ AU\ 5
. . T _/\_ _/\_,J\_ 8
showed aberrant peaks compared with other cell lines. The PCR = g
products were cloned, and cumulative data derived from sequence X1 J\ A 2
information from multiple clones revealed that the@pG island of Xenografts { X3 _/L L g
14-3-3r was densely methylated in these cell lines except for i M\ _,/\_/ 3
MKN28, which was heterogeneously methylated (Fig).1 S
Expression and Genomic Sequence Analysis df4-3-30. We B §
investigated the expression level of thé-3-3r mRNA in 8 GC and 7 @
5 HCC cell lines (Fig. 2). Five cell lines methylated fot4-3-3» g 15 & Methylated %
showed no or only a negligible level of expression. Seven cell lines 5 HUnmethyiaisd >
that are not methylated expresséd-3-3r at various levels. To g 12 2
demonstrate the reexpressionlaf-3-3r mMRNA by a demethylating 2 5 p=0.0017* N
agent, we performed mRNA-selective PCR. Reduced expression and p=0.p175 N
lack of expression were found in MKN28 and MKN74, respectively, 0
and the expression df4-3-3r was restored in both cell lines after
5-aza-2-deoxycytidine treatmgnt (.Figfg. Demethylgtiop of regions. c > P
1 and 2 was observed by bisulfite-SSCP and bisulfite sequencing, FEETN oo

confirming that loss of expression is associated with thefgG island

hypermethylation (Fig. @; data not shown). PCR amplifications

specific for the genomic coding region revealed that no deletion of the
14-3-3r gene was detected in the 7 GC and 7 HCC cell lines (data not
shown). The PCR products were cloned and sequenced, and

mutation was demonstrated.

Methylation Analysis of 14-3-30 in Primary Gastric Cancers.

Fig. 3. Aberrant methylation and loss of expressionldf3-3r in primary GCs.A,
ré?)%sentative results of bisulfite-SSCP analysis for primary GEsI(), GC xenografts

(X1-X3, and noncancerous gastric mucosa édd N,). B, summary of the frequency of

14-3-3r methylation in different types of gastric tumoWell, Mod andPor denote well,
moderately, and poorly differentiated adenocarcinomas, respectiyeby/= 0.0017 for

Next, methylation statuses &#-3-3 were examined in a series of 60association of methylation with well-differentiated casessuspoorly differentiated
GC cases by bisulfite-SSCP. Tissue samples that showed the s&ges=**, P = 0.0175 for association of methylation with well-differentiated casasus

peaks as those of methylated cell lines were presumed to héve
3-30 methylation (see the examples in Figd)3 Twenty-six of 60
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moderately differentiated caseS, expression analysis df4-3-3r in GC cell lines and
xenografts by mRNA-selective PCR. Cell lines and xenografts-K9 are indicated at
the top. Xenografts 3-5 have methylatdd-3-3r and show lack of expression.
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A strong induction of thd4-3-3r mRNA and accumulation in $ohase
MKN45 MKN7 MKN28 MKN74 was demonstrated in MKN45. MKN7 also showed increased expres-
sion 0f14-3-3r at 12 and 24 h after Adriamycin treatment and showed
- : partial accumulation in Gphase. MKN28 did not expresist-3-3»
el — 12K and did not show Gaccumulation until 72 h after treatment. MKN74
Etor I ALEININ DNTIOIN [OIITIEE [SISIITE - 2ss was quite fragile to Adriamycin treatment. A small portion of MKN74

cells began to accumulate in the, @hase, but apoptosis occurred in

Hours o ¥ @AV o ol Al o Wl AV o i P AV

B most of the cells, and they became extinct after 72 h (FgB). 4
MKNAS MINT. MKN2g MKN74 To further characterize the role of aberrant methylation48-3r
Houre in GC cells, MKN28 and MKN74 were treated with 5-azad®2oxy-
72 ] n-\ U\ T N FUL cytidine, followed by treatment with Adriamycin (Fig.C}. After
48 j‘\ K hor treatment with 5-aza‘2deoxycytidine, thel4-3-3r mRNA was reex-
24 U\ J\M = \ — _l pressed, and the population of cells i, Ghase after Adriamycin
12 1 - treatment was increased (13% to 29% in MKN28 and 28% to 39% in
0 k“’L U-l L MKN74), indicating that G arrest induced by DNA damage was
DNA content DNA content DNA content DNA content partially restored in these cell lines. These results indicated the in-U
volvement ofl4-3-3r methylation in the impairment of the @&heck- :
C MKN28 MINTA point._Consistent results were obtained by the independent, repeat%j
experiments. g
- \ e | o 4Tk Association Betweenl4-3-3 Methylation and p53 Mutation. g
S2M 12% SR To elucidate whether methylation of tid-3-3r gene plays arole in 2
Adriamycin 24hr {‘\ & i o o inactivating the p53-dependent pathway, we examined the correlatiog
SN 1% G2M 28% between14-3-3r methylation andp53 mutations. Four of five cell
G-828-C Sdays ol | o1 lines with14-3-3r methylation hagh53mutations (MKN74, wild type
l A G2M 15% ‘L G2M 29% p53 MKN28, Colo320DM, HLE, and HuH7, mutatgzb3), and six of
§-aza-C 5days 61 35% Gl 51% seven cell lines withoutl4-3-3r methylation hadp53 mutations
+ adriamycin 24br M o2 0% 'U cam 3% (MKN45, wild-type p53 MKN7, NUGC3, DLD1, HT29, Colo201,
2‘: :n 14 and PLC/PRF/5, mutatep53. There was no difference in the fre-

) . | dwith ' hquency ofp53 mutations between methylated and unmethylated cells
Fig. 4. Absence o14-3-3r in gastric cancer cells is associated with impairment of the. . . .
G, checkpointA, expression analysis df4-3-3r after treatment with a DNA-damaging ?Ines' However, in primary GCg53mutations were found at a lower

agent in cell lines with or withoutl4-3-3r methylation. RNA was prepared at the frequency in14-3-3r methylated cases (1 of 1@ersus6 of 16,
indicated time after treatment with 0.25g/ml Adriamycin. Increased expression of o _ .

14-3-3r was observed in an unmethylated cell line, MKN45. Increased expression wlgs 0.03; data not shown).
also seen in MKN7, but the expression was reduced after B8flow cytometry analysis

of the cell lines. After treatment with Adriamycin, half of the MKN45 cells showed G Discussion

arrest. MKN7 showed only partial SV-phase arrest. MKN28 did not show,@rrest

until 74 h after treatment. MKN74 began to accumulate in theM¥hase, but apoptosis

occurred in most of the cells, and they became extinct after 72 KIKN28 and MKN74 In the present study, we demonstrated that aberrant hypermethyl

cells were treated with im 5-aza-2-deoxycytidine and then treated with Adriamycin for tion of the 5 region of14-3-3r was detected in cell lines from various
24 h and analyzed by flow cytometry. Quantitations gf 6-phase, Gcells are indicated ,: : ; .

on theright. Restoration of Garrest induced by DNA damage was present in MKN28 anéls_Sue types and I_n a subset of primary GC tlssges. Aberrant meth
MKN74 after 5-aza-2deoxycytidine treatment. lation of the B region of14-3-3r correlated well with loss of expres-

sion, and treatment with the methyltransferase inhibitor 5-dza-2 &

P . . . <

) ) ) deoxycytidine induced demethylation and reexpression of the gena

In 10 cases, we also investigated the methylation status of noncpgsg of expression 0f4-3-3r mRNA was also found in xenografts

cerous gastric tissues (Figh Five cases that had no methylation inrom G with methylation, suggesting that aberrant methylation of the;
the cancer tissues did not shdv®-3-3r methylation in their noncan- 5' CpG island of14-3-3r plays a role in silencing this gene.

cerous gastric tissues. In the remaining five cases with methylated quluch evidence has shown that 14-3-3 proteins are involved i
tissues, a slight amount of methylation was observed in their noncan
cerous tissues, although the methylation levels were lower than th%
seen in the cancer tissues.

A small number of CRC tissue samples € 17) were also
investigated. However, we found no methylationldf3-3r in these

0091 U668 72/ESE/91/09/3Pd-00Ne/Sa1180UBY/B10'S|EUINOID

pd'egsFo

nbny 4¢ uo }sal

=

e

-M-phase progression as well as in signal transductions that lead t§
optosis, and it is strongly postulated that the inactivatiat¥e3-3r
might play an important role in tumor progression. Ostergadrall.
(8) showed that less-differentiated bladder squamous cell carcinoma is
cases (data not shown). characterized by decreased expression of some proteins, including

14-3-3¢ Expression and Cell Cycle Analysis It was shown pre- +4-3-3- In the present studyl4-3-3 methylation was frequently
viously that loss of tha4-3-3r gene is correlated with impairment ofobserved in poorly dlﬁerentlatgd adenocarqnomas.'These r_esults sug-
the G, checkpoint in CRC cell lines (9, 10). To elucidate the role g§€St that decreased expression 18F-3-3r is associated with the
aberrant methylation af4-3-3r in GC cell lines, we performed cell dévelopment of undifferentiated GCs. Recently, Melis and White (15)
cycle analyses in the cell lines with and withdit-3-3- methylation. @IS0 demonstrated decreased expressidre3-3r in colonic polyps.
The cell lines examined were MKN4%%3 wild type and14-3-3r  Thus,14-3-3r inactivation may be widely seen in human neoplasias
unmethylated), MKN7 53 mutated and14-3-3r unmethylated), Of various origins, although the association between inactivation and
MKN74 (p53wild type and14-3-3r methylated), and MKN28p53 the role in cancer development should be further investigated. Be-
mutated andl4-3-3r methylated). The cell lines were treated withcause methylation of multiple CpG islands has often been observed in
0.25 pg/ml Adriamycin, followed by Northern blot and flow cytom- a subset of CRCs (16) and GCs (17), methylatiod4{3-3 may be
etry analyses at 0—72 h after treatment. As shown in Fig.@dB, involved in a “hypermethylator phenotype.” In fact, GC cases with
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