(_r) BBt Bl

The Nippon Faundation

200 SFEEAFEFHARHFANEERELRES
—FEE T ABSRE DR STH —

2¢4 &£ 38 /S A

MEEA B B % B
B

v ¥
Pl

WrERe ¥ BB @
TRimEs  GEERAERESE
IR ELERS ¥R B
B £ Bh # %

i & HT  520-2192 AErTHiEH A RET
ma  077-548-2168

1. | R TF -7

Diffuse BIBROFHAE LERICERBET 2R VAV OS5 THIIBEEFROTISE

2. AEEOHKER
() %2 Pescbisrzx @) @ & (24 %D

%92 B BAREERELS (18) - Comparative CGH and histological analyses in
diffuse-type gastric carcinoma.

%62 B AAEELSKES (A15RB) - Comparative CGH analyses of diffuse-type
gastric carcinomas with and without tubular adenocarcinoma component.

(0) FABBICHELRL 7 - ® (s - BXA)
BL. BfEHC (Peng el al. Genetic lineage of poorly differentiated gastric

carcinoma with tubular compnent analyvzed by comparative genomic
hybridization) #ZEE: The Journal of Pathology 2% L. revise H,

— 70 -



3. SHROMAEE

SEIOWZE T, diffuse NBBORELERICEELRRAKL NNORER, 1f
EEEOENEHBEFEHSLSMNI L, £/ tubular component D & 2 {EM LR
e diffuse NO BB TIIRBBEEONY NN 0 RixD, MZBOREDORENE
BHEZEBHLEMNI LIz, G, COWRTKIOAENZENEHEETFICTERL.
CDNARA 7 O7 VAR EZRWT, BRREZMED LA LEY, X-RHBARE
M, 57 L DOELEMEDT epigenetic BELIC L > TREZ AHEICDOVWTHHFEL =
,

4. ERHEEDER

¥ BBEER CNETHRORFESNAST—IDZ U oidiffuse BEBOY ) LE{LECCGHE
ZUVACGHZRAWTHALNITAZ LITRIIENE L, ZHEEH Tlaborious 8B5S T, WAk
THEBRKEBHORRTHVET, SEOBRERZIIIMOEZLEEDT—F IR B (1 N2 b7
2 ¥—5.06 DEBEETH B) The Journal of Pathologv(201: 439-450, 2003)icB#ENTHY (Peng
et al. Alterations of chromosomal copy number during progression of diffuse-type gastric
carcinomas: metaphase— and array-based comparative genomic-hybridization analvses of
multiple samples from individual tumours.), W HEZ2ETBV T, T ORSIHREMHIL LD,
VEEEZELORMNERESINELE, SEOT—F HATEEFE UH#RICHRTAL (Peng el al. Genetic
lineage of poorly differentiated gastric carcinoma with tubular compnent analyzed by compara-
tive genomic hybridization) . revision #% acceptable T& % & DM 2. FRE revision 27> TW
DHTY, BRER RIS T2HERDIZZLANE, KB ETRL LERTIEFHEGH, &
BAEMBORNET -y EHTIEOTEZRENR L A2HE/DLETBO ELEN, TN
BB PEZHBEOBRZEZB/EWRIIL > THRLEIN., MHAFLLTRESREENEZ &ML, &
BIFTVWEEWEREDIEZ. BFEFHREIN LU TEVWRHOBEERTIDOTHD ET,

1

i
N

il N
wumpsrs 0B 7

a g
b4 2,
W}
—~—

5. M R #® & &

B T EREFBOERIIDONTITEY., BEORETERLTTE N,

MARREZIIARRALRE L LERZRFLTTE N,
XMARRERRTHHAE. BRER - PEEFLHFELLTT N,
XERICY > TR, AHEZBRPFELICLSEEHRLTTEN,

{

A Y



— BRI R E
Diffuse M BEDRE L ERICERTBETERY AL -HOS FHIEEFHITER

DIRERE  ® B3E

FEFERRE  PEEREESRESERE
AAUIFAER HRERMKHREFE—RE
EEEEE  BEER BE BT
KFERESL A B— RSB &R

Abstract

Gastric carcinoma (GC) has been classified into the diffuse and the intestinal types. Diffuse-type GCs at advanced stages are
thought to derive from intestinal-type as well as diffuse-type early GCs. In the present study, we focused on diffuse type GCs with
minor tubular components (TC) to clarify their derivation. We applied comparative genomic hybridization (CGH) and array CGH
to the DNAs that were taken by microdissection from multiple portions in individual tumors and amplified by degenerate
oligonucleotide-primed PCR, and compared the results with those in diffuse-type GCs without TC. We found that the occurrence of
the tumors with TC inclined to older, male patients. Frequent stemline changes common to the samples in each tumor were 8q+,
7p+, 3q+, 20q+ and 10p+, being basically different from those in the tumors without TC. The number of chromosomal changes
was greater and 6p+, 10p+, 10g+, Xp+ and 4q- were more frequently detected in the tumors with TC than in those without TC.
Within individual tumors, no significant difference was found in the frequency pattern of chromosomal changes between the
samples of TC and the others, suggesting their derivation from the common precursor. We noticed that there were two subgroups in
the tumors with TC: one with 5p+, 6p+, 7p+, and 10p+ and the other without them. The latter had the cytogenetic and
clinicopathological aspects common to those in the tumors without TC. The analysis of clonal evolution process by constructing
dendrograms in each tumor gave the resuits consistent with the notion that the latter subgroup may derive from diffuse-type GC

without TC and the former from tubular adenocarcinoma.
Key Words  Gastric carcinoma: diffuse type, CGH, array CGH, Laser microdissection

Introduction

During the past decades, progresses have been made in understanding of the molecular events in the tumorigenesis and
progression of GC [1]. Cytogenetic data have also been rapidly accumulated recently since the advent of comparative genomic
hybridization (CGH), which is proved as a powerful screening method for detecting cytogenetic alterations in solid tumors [2, 3].
Despite these progresses, the reports on genetic and chromosomal aberrations in GCs were not consistent with each other.

‘We have recently developed the method that enables us to limit earlier events from many chromosomal changes detected by
CGH [4]. Applying this method to early and advanced diffuse-type GCs, we demonstrated that advanced GC of this type may have
progressed from early GCs of the same type by acquiring additional chromosomal changes [4].

In clinical practice, however, diffuse-type GC with TC is not uncommon, the cytogenetic characteristics and its relationships
with intestinal type GC and diffuse-type GC without TC remain to be clarified. In the present study, we thus focused on diffuse-

type GC with TC.

Materials and methods

Tumeor samples
A total of 123 tumor samples were taken from 27 cases with gastric carcinomas, including 8 cases with minor tubular component

(TC) (cases 20-27) and 19 cases of diffuse-type cancers without TC (cases 1-19). In the tumors with TC we examined, the tubular

component accounted for less than 30 % of the tumor.



Laser capture microdissection and DNA preparation

We carried out microdissection of tumor cells from tissue section as described previously (4]. In individual tumors, we took
about 500 to 5000 tumor cells from each of 2 to 8 different parts, in which tumor cells accounted for 70% or more. The films
containing tumor cells were digested in 40 ul of proteinase K solution at a concentration of 200 pg/ml for about 70 hours at 42 °C.
Whole genome amplification by DOP-PCR

We amplified sample DNAs by DOP-PCR in two phases as described previously {4}, which gave the PCR products of more
than 2 Kb in size, being suitable for nick-translation labeling.
Probe DNA labeling, CGH and digital image analysis

DOP-PCR ampilified tumor and normal DNAs were labeled with fluorescein-12-dUTP and tetramethyrhodamine-5-dUTP,
respectively, by nick translation [5]. Hybridization and image analyses were carried out as described previously [4]. Gains and
losses in DNA copy number were defined by green to red ratios (G/R) > 1.2 and < 0.8, respectively [4]. High-level gains
(amplifications) were defined by a G/R21.5. Chromosomes 1p32-pter, 16p, 19, 22 and Y were excluded in the analyses.
Random priming labeling and array CGH analysis

We labeled tumor DNA and reference DNA of the same sex (100 ng each) with Cy 3-dCTP and Cy 5-dCTP respectively, by
random priming reaction, and carried out array CGH following the manufacturer’s protocol. GenoSensor Array 300( Vysis) which
spotted with 287 target DNA clones including locus markers, proto-oncogenes and tumor suppressor genes were used. Target spots
were automatically identified and analyzed by the built-in software. The loci with amplification were defined as a mean T/R ratio >
2.0, and the loci with a T/R ratio < 0.6 were considered as losses [4].
Temporal analysis of CGH results

In order to assess clonal consistency, we compared the positions of breakpoints among the samples as reported previously [4].
We defined the common alterations shared by all the samples in each tumor as stemline changes, those shared by multiple but not
all the samples in each tumor were described as recurrent sideline changes, while the other changes unigue to each sample as single

sideline changes.

Results
1. Cytogenetic alterations detected by metaphase CGH

The chromosomal copy number aberrations detected in 54 samples of the 8 tumors with TC were summarized in Figure | and
Table 1. The total number of chromosomal aberrations per sample was significantly higher (£ = 0.006) in the tumors with TC
(14.02+7.65 (SD)) than those without TC (10.57+ 5.80).

High level gains (amplifications) were detected in totally 26 chromosomal regions in 7 of the 8 tumors with TC (Table 1,
Figure 1). The mean number of amplified regions in the tumors with TC (6.00 £ 5.45) was much higher than in those without TC
(1.1t £ 1.24) (P=0.0009). The recurrent amplified regions in the tumors with TC were at 8q24 (5/8), 7p (4/8), 20q (4/8), 5p (3/8),
and 13q (3/8). Copy number gains at 6p, 10p, 10q and Xp and copy number loss of 4q were significantly more common in the
tumors with TC than those without TC (P < 0.05) (Figure 2A). In individual tamors with TC, there was no significant difference in
the frequencies of any chromosomal changes between the samples of TC and those of SIG/POR (Figure 2B).

2. Array CGH analyses

The array CGH results of the tumors with TC are presented in Table 1 and those without TC were shown in Table 2 in Ref 4.
The most frequent amplicons were at 8q24 (5/8), 7p (4/8) and 20q (4/8), followed by 5p (3/8) and 13q (3/8). In the tumors with TC,
CMYC was involved in the amplicon at 824 in 4 cases, but in case 27, PTK2 instead of CMYC was proved to be responsible for
this amplicon. EGFR gene at 7p12.3-p12.1 was amplified in both groups with and without TC. In the 20q amplicons in our series,
amplifications of STK15, CAS, and ZABCI were involved.
3. Temporal analysis of CGH results

In the tumours without TC, 8q+ (5/19), 8p+ (4/19), and 17p- (6/19) were picked up as frequent stemline changes [4]. In the
individual tumours with TC examined, we also detected the stemline changes, such as gains of 8q (6/8), 7p (4/8) and 10p (2/8).



Gains at 8p and 10p were not frequent but appeared to be specific to the tumours without and with TC, respectively (Table 2).

Table 1. Frequencies of Chromosomal Aberrations of Total, Stemline and Sideline Changes in Diffuse GCs with TC
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T See web site http:www.helsinki.fi/~Igl_www.html. The bold letters indicate the genes that showed amplifications in array CGH.
The genes with # indicate they were detected in more than 35 % of the cases. The genes with asterisks are the putative target gene
(s) corresponding to the amplifications in CGH analyses (at the loci shown in bold letters in the left end column). 1 See web site
http:www.helsinki.fi/~1gl_www/CMG.html. The bold letters indicate the genes that showed losses in array CGH. Genes in
parentheses are not included in the Genosensor array 300 chip. AMP= amplification; TC= tubular adenocarcinoma component.

Table 2. Frequent Stemline Changes between the tumors with and without TC

N _ 8q24+ 8p22-23+ 17pl2-ter-  Tpl4-22+ 3q26-ter+ 209+ 10p+
Tumors without TC 19 5263%) 4(21.1%) 6@3l6%) 3(158%) 2(105%) 2(105%) O
Tumors with TC 8 6(75%) 1(125%) 1()25%)  4(50 %) 2(25 %) 2(25 %) 2(25 %)
Cases 21, 22 2 20100%) 1(50 %) 0 0 0 0 0
Cases 20, 23-27 6 4(667%) 0 1(167%) 4(66.7%) 2(333%) 2(333%) 2333%)

We picked up the minimal overfapping regions of the chromosomal changes which were detected as stemline changes in
20 % or more of either tumor group with or without TC, as indicated in bold letters. TC = tubular component, GC = gastric

' cancer.

Discussion

Within individual diffuse- type GC with TC, there was almost no difference in the pattern of chromosomal copy number
aberrations between the samples of SIG/POR and those of TC (Figure 2B). This finding and the presence of stemline changes
common to TC and SIG/POR indicate that these components are of the same lineage and that this group of GC is also monoclonal
despite its marked histological heterogeneity. Between the tumours with TC and without TC, however, the genetic lincage appeared
to be different because the patients bearing the tumours with TC showed significantly higher male/female ratio and age than those
without TC. This notion was supported by the findings in CGH analysis that the frequent stemline changes of the tumours with TC
were 8q+, 7p+, 3g+,
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Figure 1. Metaphase CGH results in 54 samples of 8 tumours with TC., The regions of copy number gams and losses in all the
samples are shown as the bars on the right and left sides of each ideogram, respectively. The thick bars mean amplifications.
The results of the same case are marked with horizontal bars with case number. Black and grey bars represent stemline and

sideline changes, respectively.

20g+ and 10p+, which were different from those of the tumours without TC (8q+, 8p+ and 17p-) (Table 2). Although 8q+ was
included in the recurrent stemline changes in both groups, array CGH disclosed that the target genes were different; C-MYC was
involved in the amplicon at 8q24 in 4 of the 5 tumours with TC bearing this amplicon and PTK2 was in the other one, whereas
neither C-MYC nor PTK2 was involved in the amplicon of 8q in the tumours without TC [4].

Among the common sideline changes, gain of 10p was detected in 75 % of the tumours with TC as stemline changes or
recurrent sideline changes (Figures 1, Table 1) but in none of the tumours without TC we examined [4]. In both intestinal and
diffuse types of GC, however, 10p + was reported infrequently. At 10p, no oncogenes have been reported so far. However, GATA3
and two loci, D10S249 and D10S1260, were amplified in case 27.

Based on the chromosomal constitution, diffuse type GCs with TC examined were further classified into two subgroups: the one
with 5p+, 6p+, 7p+ and 10p+ (6 cases) and the other without them (2 cases). All of the patients of the former subgroup were male.
Their tumours did not show a layered structure in their mucosa lesions that is considered to be a remnant of the growth pattern in an
incipient phase. Moreover, these tumours had numerous chromosomal alterations including 3 or more loci of amplification. The
patients of the latter subgroup were female. Their tumours showed a layered structure and a spreading growth in the mucosa, and
had fewer chromosomal alterations and amplifications than those of the former subgroup. The analysis of clonal evolution process

by constructing dendrograms in each tumor gave the results consistent with the notion that the latter subgroup may derive from

diffuse-type GC without TC and the former from the intestinal-type GC.
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Figure 2. The pattern of frequencies of chromosomal copy number changes. The pattern was compared between the diffuse
GCs with and without TC (A) and between the samples from POR/SIG components and from TC (B). The asterisks indicate
statistically significant differences (P < 0.05).
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