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Abstract Aberrant DNA methylation is an important
event in carcinogenesis. Of the various regions of a gene
that can be methylated in cancers, the promoter is the
most important for the regulation of gene expression.
Here, we describe a microarray analysis of DNA meth-
ylation in the promoter regions of genes using a newly
developed promoter-associated methylated DNA
amplification DNA chip (PMAD). For each sample,
methylated Hpa Il-resistant DNA fragments and Msp I-
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cleaved (unmethylated + methylated) DNA fragments
were amplified and labeled with Cy3 and Cy3 respec-
tively, then hybridized to a microarray containing the
promoters of 288 cancer-related genes. Signals from
Hpa Il-resistant (methylated} DNA (Cy3) were nor-
malized to signals from AMsp I-cleaved (unmethylated
+ methylated) DNA fragments (Cy5). Normalized sig-
nals from lung cancer cell lines were compared to signals
from normal lung cells. About 10.9% of the cancer-re-
lated genes were hypermethylated in lung cancer cell
lines. Notably, HICI, IRF7, ASC, RIPK3, RASSF1A,
FABP3, PRKCDBP, and PAX3 genes were hyperme-
thylated in most lung cancer cell lines examined. The
expression profiles of these genes correlated to the
methylation profiles of the genes, indicating that the
microarray analysis of DNA methylation in the pro-
moter region of the genes is convenient for epigenetic
study. Further analysis of primary tumors indicated that
the frequency of hypermethylation was high for ASC
(82%) and PAX3 (86%) in all tumor types, and high for
RIPK3 in small cell carcinoma (57%). This demon-
strates that our PMAD method is effective at finding
epigenetic changes during cancer.

Keywords DNA methylation - DNA chip -
Microarray - CpG island - Hypermethylation

Introduction

In the human genome, most of the cytosine residues at
CpG dinucleotides are methylated, but some remain un-
methylated in specific GC-rich areas, called CpG islands
(Anteguera et al. 1990). Although CpG islands were tra-
ditionally considered to be located in 5 regions of genes
and to be kept consistently unmethylated, they are actu-
ally located at various positions throughout genes, such as
in exons and introns, or further downstream (Takai and
Jones 2002). The methylation of promoter regions is
associated with a loss of gene expression and it plays an
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important role in regulating gene expression. This epige-
netic event is associated with the transcriptional silencing
of genes involved in differentiation, genomic imprinting,
and X inactivation. In cancers, aberrant methylation of 5’
CpG islands of some tumor suppressor genes has been
reported (Baylin et al. 1997).

Techniques such as restriction landmark genomic
scanning (RLGS) and a representational difference
analysis {RDA)-based method have been developed 1o
scan for differences in methylation in the genome in
order to identify imprinted genes and aberrantly
methylated genes in cancer (Hatada et al. 1993; Ushijima
et al. 1997). Recently, we and others have developed
microarray-based techniques to scan for differences in
methylation in the genome (Hatada et al. 2002; Yan
et al. 2001). Using these methods, methylated fragments
in the genome are amplified and hybridized to micro-
arrays that contain clones from libraries of CpG islands.
However, methylation in cancer cells frequently occurs
in CpG islands outside of promoter regions. In some
cases, methylation outside the promoter induces a con-
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densed chromatin gene structure and prevents binding off
transcription factors to the promoter (Pieper 1996).
However, in most cases methylation outside of promoter
regions do not repress gene transcription (Ushijima
2005). To solve this problem, we cloned the promoters of
genes and used them to make a microarray in this study.
Here, we describe a new method of scanning for
methylation using a microarray that contains promoters
of 288 cancer-related genes. We used this method to
perform methylation-based analysis of lung cancers.

Materials and methods

Promoter-associated methylated DNA amplification
DNA chip (PMAD) method

Each sample was used to amplify both Hpa [I-resistant
DNA and Msp L-cleaved DNA. The procedure is itlus-
trated in Fig. la. To amplily methylated Hpa I1-resistant
DNA [ragments, 0.5 ng of genomic DNA was digested
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Tig. 1 Schemalic flowchart for the promoter-associated methylat-
ed DNA amplification DNA chip (PMAD) method. Me repre-
sents a methylated Hpa 1T site. Each sample was used for both
amplification of Hpa ll-resistant DNA and Msp I-cleaved DNA.
To amplify methylated Hpa Il-resistant DNA fragments, genomic
DNA was digested with Hpe I followed by treatment with
alkatine phosphatase and the Klenow enzyme to biock the ends of
unmethylated DNA fragments. Blocked DNA was digested with
Msp 1 to cleave the methylated Hpa IT sites followed by ligation
to the adaptor. PCR was performed using the adaptor primer. As
a result, only Hpa Il-resistant DNA was amplified. For the
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Me: Methylation

amplification of Msp l-cleaved (unmethylated plus methylated)
DNA fragments, genomic DNA was digested with Msp 1 followed
by ligation to the adaptor. PCR was performed using the adaptor
primer. Amplified DNAs were labeled with Cy3 and Cy3
respectively, cohybridized to the microarray with promoter
repions of 283 cancer-related genes, scanned and analyzed. Cy3
intensity {(FHpa II-resistant DINA [ragments) was normalized to
Cy5 intensity (Msp I-cleaved DNA fragments) for comparison
among samples (normalized intensity Cy3 intensity/Cy5
intensily). Normalized intensities of cancer and normal lungs
were compared
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overnight with 50 units of Hpall. The digests were treated
with alkaline phosphatase, which was followed by a fill-in
reaction using Klenow enzyme to block the ends of un-
methylated DNA fragments. Blocked DINA was digested
overnight with 50 units of Map I to cleave the methylated
Hpa 11 sites, followed by ligation to 11 pmol of the
adaptor. The adaptor was prepared by annealing two
oligonucieotides, AGCACTCTCCAGCCTCTCACC-
GAC and CGGTCGGTGA. PCR was performed using
0.1 pg of each ligation mix as a template in a 100-ul vol-
ume containing 100 pmol of the primer AG-
CACTCTCCAGCCTCTCACCGAC and 1.25 units of
GeneTag DNA polymerase. The reaction mixture was
incubated for 3 mm at 72 °C and 3 min at 94 °C and
subjected to cycles of amplification consisting of 10 s of
denaturation at 94 °C, 30 s of annealing at 70 °C and
2.5 min extension at 72 °C. The final extension was
lengthened over 9.5 min.

To amplify Msp I-cleaved (unmethylated -+ methy-
lated) DNA fragments, 0.5 pg of genomic DNA was
digested overnight with 50 units of Msp I followed by
ligation to 11 pmaoi of the adaptor. PCR was performed
by the same procedure as was applied to amplify
methylated Hpa [-resistant DNA fragments.

To make the microarrays, PCR primers were selected
from the promoter regions of 288 cancer-related genes
(Supplementary Table 1). All of the promoter sequences
are included in at least one short Msp I fragment. PCR
products were cloned into the vector pCR2.1 {Invitro-
gen, Carlsbad, CA, USA)} and intreduced into E. coll.
Each colony was amplified by PCR using CCAGTGT
GCTGGAATTCGGC and ATGGATAT CTGCAG
AATTCGGC as primers. The reaction mixture was
incubated for 5 min at 94 °C and subjected to 40 cycles
of amplification consisting of 10 s denaturation at
94 °C, 30 s annealing at 60 °C and | min extension at
72 °C. Four DNA sequences without any homology to
the human genome were also amplified as control spots.
Amplified DNA fragments were fixed on poly-ZL-lysine-
coated microscope slides in triplicate as described
(Schena et al. 1995) using a SPBIO-2000 (Hitachi Soft-
ware Engineering, Tokyo, Japan) arrayer.

Amplified DNAs mixed with 10 pg of DNA com-
plementary to control spots were labeled with Cy3 and
Cy35 respectively, cohybridized to the microarray, scan-
ned using a Scan Array Lite (Perkin Elmer, Boston, MA,
USA) scanner, and analyzed with the software DINASIS
Array (Hitachi Software Engineering). Labeling effi-
ciency was normalized using the signal intensities of the
control spots. Cy3 intensity (Hpa Il-resistant DNA
fragments) was normalized to Cy5 intensity (Msp I-
cleaved DNA fragments) for comparison among sam-
ples (normalized imtensity = Cy3 intensity/Cy5 inten-
sity). The spots whose CyS5 intensities were higher than
background were analyzed. We judged the spots as hy-
permethylated compared to normal lung when their
(normalized intensity of cancer)/(normalized intensity of
normal) ratios were more than 3.0 and the normalized
intensity of cancer was high enough (more than 0.2).

Combined bisulfite restriction analysis (COBRA)

Genomic DNA was treated with sodium bisulfite using a
CpGenome DNA Moadification Kit (Intergen Co., Pur-
chase, NY, USA) and subjected to combined bisulfite
restriction analysis (COBRA). PCR products were di-
gested with BsiEl (HIC1), Tag I (AIR¥7), Hha 1 (ASC),
Hinf1(RIPK3), Hha I (RASSF1A), HincI1 (FABP3), Tag
I (PRKCDBP), and Ban 111 {(PAX3), respectively. PCRs
were performed using the following primers: HICI,
GGTAATTGTTTTTAAAAGGGTTATTG and TAC-
CCTCTAAAATAAAAACCCAAAC; IRF7, GTAGA-
GTTAAGAGTTGGGGGAGTTT and TATTAAA
CCAATATCCAAACCTAAC; ASC, TTTTAGTA
TGTGGAATTGAGGGAGT and AAACCTCTAAA
TTAAAACCCCAAAC, RIPK3, TTTTTGGT
ATTTTTTAGTTTGATGT and AACTCCTAATTCT
CCAATTCCTC; RASSFFIA, AGTTTTTGT ATTTA
GGTTTTTATTG and AACTCAATAAACTCAAA
CTCCCC; FABP3, GTTTAGAGGTTA GGAAAGG-
GAGAAG and CAAACTAAAA CTCACCCAAAA
AAAA, PRKCDBP, AAATAGGTATATTAGGGA-
ATTGGAG and AACTCCAACTATAACTCAAA-
CAAAC; and PAX3, GGTTTTTGGATTAGGAAT
and TAATCATCCTAAAAACAACTTC.

RT-PCR

RT-PCR was performed using the following primers:
HIC1, GCTGCTGCAGCTCAACAACCA and GGC-
CGGTGTAGATGAAGTCCA; IRF7, TACCATC-
TACCTGGGCTTCG and GCTCCATAA GGAAGC-
ACTCG; ASC, TGACGGATGAGCAGTACCAG and
TCCTCCACCAGGTAGGACTG; RIPK3, CTTCCA- .
GGAATGCCTACCAA and TCCAT TTCTGTCC-
CTCCTTG; RASSFFl1A, CTTCAT CTGGGGCGT-
CGTG and CTGTGTAAGAACC GTCCITGTTC;
FABP3, CATCACTAT GGTGGACGCTTTCC and
CTCATCGAACTCCAC CCCCAAC; PRKCDBP,
AGCTCCA CGTTCT GCTCTTC and CGGAGGCT-
CTGTACCTT CTG; and PAX3, CTGGAACATTTG-
CCCAGACT and TAT CCAGGTGAAGGCGAAAC.

Results and discussion

We have developed a PMAD for analyzing DNA
methylation in the promoter regions of genes (Fig. 1).
This method can be used to amplify and compare
methylated DNA fragments. A methylation-sensitive
restriction enzyme Hpa 11 and its methylation-insensitive
isoschizomer, Msp I were utilized because most CpG
islands contain their recognition seguence, “CCGG™.
For each sample, methylated Hpa li-resistant DNA
fragments and Msp I-cleaved (unmethylated plus
methylated) DNA fragments were amplified and labeled
with Cy3 and Cy5 respectively, then hybridized to the
microarray which contains the promoter regions of 288
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Table 1 Summary of the results for PMAD anabysis. Genes that
were hypermethylated in at least two of six lung cancer cell lines are
presented. M represents hypermethylation in cancer defined as
{(Normalized intensity of cancer)/{Normalized intensity of normal)
more than 3.0 when normalized intensity of cancer is high enough

371

(more than 0.2}. NC represents an absence of hypermethylation in
cancer defined as (Normalized intensity of cancer)/{Normalized
mitensity of normal) less than 3.0. Results which do not meet the
criteria of M and NC, such as Cy5 intensity less than background or
normalized intensity of cancer less than 0.2, are represented as ND

Symbol Position 1-87 A549 RERF-LCMS LK79 82 SBC-3 Hyp. Met. Description
Cells

HICI 17p13.3 M M M M M M 6 hypermethylated in cancer 1
IRF7 pis.5 M M M M M M 6 interferon regulatory factor 7
ASC I6pl2-ptl2 M M M M M M 6 apoptosis-associated speck-like

protein containing a CARD
RIPK3 ldgll.2 M M M M M M 6 Receptor-interacting serine-threonine kinase 3
RASSF1A 3p2l.3 M M ND M M M 5 Ras association (RalGDS/AF-6) domain family 1
FARBP3 1p33-p32 M M M M M ND 5 {atty acid binding protein 3, muscle and

heart (mammary-derived growth inhibitor)
PRKCDBP 11pl54 M M M ND M M 5 protein kinase C, delta binding protein
PAX3 2q35 M M NC M M M 5 paired box gene 3 (Waardenburg syndrome 1)
HTRIB 6ql3 M M NC M NC M 4 S-hydroxytryplamine (serotonin) recepior |B
CALCA Ipl52-pi5]l ND M ND M M M 4 calcitonin/calcitonin-related polypeptide, alpha
CDHI13 16g24.2-q243 M M  NC M NC M 4 Cadherin 13, H-cadherin (heart)
DLECI 3p22-p213 M M M NC ND M 4 deieted in lung and esophageal cancer |
SYK 9q22 M NC M M M NC 4 spleen tyrosine kinase
CD38 4pls M NC NC M M M 4 CD38 antigen (p45)
MYODI llpis4 M ND ND M NC M 3 myogenic factor 3
WT1 itpl3 M ND NC M ND M 3 Wilms tumor 1
RARB 3p24 M NC NC NC M NC 2 retinoic acid receptor, beta
PTGS2 [q25.2-q25.3 ND NC NC M NC M 2 prostaglandin-endoperoxide synthase

2 (prostaglandin G/H

synthase and cyclooxygenase)
LRP2 2q24-q3! NC NC NC NC M M 2 low density lipoprotein-related protein 2
SLCSAS 9p13.2-pl2 M ND ND NC ND M 2 solute earrier family 5

(sodium iodide symporter), member 5
CTNNBI  3p21 NC NC NC M M ND 2 catenin (cadherin-associated protein),

beta 1, 38kDa
AlM I 6q21 NC NC M NC NC M 2 absent in melanoma |1
ETV6 12pl3 NC NC M M NC NC 2 ets variant gene 6 (TEL oncogene}
MSF 17925 NC NC NC M NC M 2 MLL septin-tike fusion
DLCI 8p22-p21.3 M NC ND NC NC M 2 defeted in liver cancer |
BNIP3L  8p2l NC NC NC M M NC 2 BNIP3L
CASP3 4g34 NC M M NC NC NC 2 Caspase 3, apoptosis-related cysteine protease

cancer-related genes. Signals from Hpa Il-resistant
(methylated) DNA (Cy3) were normalized using signals
from Msp lI-cleaved (unmethylated plus methylated)
DNA fragments (Cy3).

To amplify methylated Hpa Il-resistant DNA frag-
ments, genomic DNA was cleaved with the methylation-
sensitive restriction enzyme, Hpa I1. This was followed
by the blocking of cleaved ends by alkaline phosphatase
and then a fill-in reaction. At this stage, unmethylated
Hpa 11 sites were blocked. Blocked DNA was treated
with the methylation-resistant isoschizomer, Msp I, to
cleave the methylated Hpa 1 sites. At this stage, only
methylated Hpa 11 sites had 5° protruding ends that
could be ligated to an adaptor. These ends were ligated
to the adaptor, which was followed by PCR-amplifica-
tion. To amplify Msp I-cleaved (unmethylated plus
methylated) DNA fragments, genomic DNA  was
cleaved with the methylation-resistant isoschizomer Msp
I, followed by ligation to an adaptor and PCR. As a
result, both unmethylated and methylated DNA
fragments were amplified. Amplified DNAs mixed with
10 pg of DNA complementary to control spots were
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labeled with Cy3 {Hpa H-resistant DNA fragments) and
Cy5 (Msp I-cleaved DNA fragments) respectively, and
cohybridized to the microarray, which contained the
promoter regions of 288 cancer-related genes including
64 reported to be hypermethylated in cancers. Labeling
efficiency was normalized using the signal intensities of
the four control spots whose DNA sequences did not
have any homology to the human genome. Cy3 intensity
{(Hpa H-resistant DNA fragments) was normalized to
Cy5 intensity (Msp I-cleaved DNA fragments) for
comparison among samples (normalized intensity
Cy3 intensity/Cy5 intensity). The spots whose Cy3
intensities were higher than the background were ana-
lyzed. We judged the spots as hypermethylated com-
pared to normal lung when their (normalized intensity of
cancer)/(normalized intensity of normal) ratio was more
than 3.0 and the normalized intensity of cancer was high
enough (more than 0.2).

We applied PMAD to six lung cancer cell lines (1-87,
A549, RERF-LCMS, LK79, S2, and SBC-3} and a
normal lung. Genes hypermethylated in at least two of
six lung cancer cell lines were presented (Table 1) . On
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Table 2 Proportion of hypermethylated genes in fung cancers

Types of Cancer Adenocarcinoma

Small celt carcinoma Average (%)

Names of cell lines 1-87 A549 RERF-LCMS LK.7¢ S-2 SBC-3
Hypermethylated Genes (%) 22(9.5%) 15(6.0%) 17(8.0%) 20(8.6%) 32(14.7%) 45(18.6%) 10.9%
Average(%) 7.8% 14.0%

average, 10.9% of the cancer-related genes were hyper-
methylated in these cancer cell lines (Table 2). This value
is much higher than that described in a previous report
by Yan et al. (2001} in breast cancer; where only 1% of
regions examined were hypermethylated. There are two
possible explanations. The first possibility is that these
two studies reflect differences between cancers arising in
the breast and the lung. Consistent with this, the rate of
methylation differed among the cancer types. The aver-
age hypermethylated rate was 7.8% for adenocarcinoma
(1-87, A549, RERF-LCMS) and 14.0% for small cell
carcinoma (LK79, S-2, SBC-3), respectively (Table 2).
The second possibility is that genes are more liable to be
hypermethylated in cancers.

We further analyzed the eight genes that were hy-
permethylated in at least five of the six (83%) cancer cell
lines that we analyzed (Fig. 2a). These were HICI,
IRF7, ASC, RIPK3, RASSF1A, FABP3, PRKCDBRP,
and PAX3. We confirmed these results using the CO-
BRA method and found that 98% of the PMAD results
corresponded to the COBRA results (Fig. 2). Thus, the
reliability of this method was demonstrated. Next, we
performed an expression analysis of these genes by RT-
PCR (Fig. 3; Table 1}. The expression profile of the
genes correlated to the methylation profile of the genes
(Figs. 2, 3). This result indicates that the microarray
analysis of DNA methylation in the promoter region of
the genes is convenient for detecting methylation, which
is responsible for their expression. Considering that
CpG islands are actually located at various positions
throughout genes, such as in exons and introns, or fur-
ther downstream (Takai and Jones 2002), analysis of

Fig. 2 Eight genes were
hypermethylated in five or more
of the six lung cancer cell lines
analyzed. The PMAD results
were confirmed by the COBRA
method

ASC

RIFK3

U: Unmethylated
M: Methylated

CpG islands located in the promoter region of the genes
is extremely convenient for epigenetic study. Shi et al.
(2002, 2003) reported a microarray using CpG island
clones that screened a cDINA library via hybridization of
the 5"-end. Although 79% of the sequences are located in
the promoter and first exon, others are outside of these
regions. Comparing with this array, all of the genes in
our array conftain the promoter region of the genes.

HIC1, RASSF1A, and PRKCDBP were previously
reported as hypermethylated genes in lung cancer (Issa
et al. 1997, Dammann et al. 2000; Xu et al. 2001), but
this is the first report indicating that IRF7, ASC,
FABP3, and PAX3 are also hypermethylated in
lung cancer, although these were previously known as
hypermethylated genes in cancers other than that of the
lung (Yu et al. 2003; Levine et al. 2003; Huynh et al.
1996; Kurmasheva et al. 2005). Receptor-interacting
serine-threonine kinase (RIPK) 3, which is part of the
same family as RIPK 1, which contains a death domain,
has never been reported to be hypermethylated in any
cancers before our report, Interestingly, the locations of
HICI, RIPK3, FABP3, and PRKCDBP were reported
to lose heterozygosity in lung cancer {(Konishi et al.
1998; Abujiang et al. 1998; Chizhikov et al. 2001; Pet-
ersen et al. 1997).

Further methylation analyses of primary tumors were
performed for IRF7, ASC, RIPK3, FABP3, and PAX3
(Fig. 4), the hypermethylation of which has not been
previously reported for lung cancers. The frequency of
hypermethylation was high for ASC (82%) and PAX3
{86%). The frequency of hypermethylation was not high
for IRF7, RIPK3, and FABP3 compared to analysis in
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Fig. 3 RT-PCR analyses of eight hypermethylated genes in Fig. 2.
Expression of ACTR (f-actin) was monitored as an internal control

cell lines. However, the [requency of hypermethylation
of RIPK3 in small celi carcinoma was high (37%).
Apoplosis-associated speck-like protein (ASC) is up-
regulated by inflammation and apoptosis via the acti-
vation of caspase (Shinohara et al. 2002). In normal
cells, this protein is localized o the cytoplasm; however,
in cells undergoing apoptosis, it forms ball-like aggre-
gates near the nuclear periphery. This gene is hyperme-
thylated in breast cancer (Levine et al. 2003). Paired box
gene 3 (PAX3) was recently reported to be hyperme-
thylated in rhabdomyosarcoma (Kurmasheva et al
2005). This gene is a member of the paired box (PAX)
family of transcription factors. Members of the PAX

Fig. 4 Methylation analysis of
five genes in primary tumors.
COBRA anatysis was
performed for IRF7, ASC,
RIPK3, FABP3, and PAX3.
PCR primers and restriction

enzymes used were the same as IRF7

in Fig. 2. The present study was

approved by the Ethics

Committees of Tohoku ASC

University School of Medicine

and Gunma University.

Following a complete

description of the research RIPK3

protocol, written informed

consent was obtained from each

participant FABP3
PAX3

Normal
lung
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family typically contain a paired box domain and a
paired-type homeodomain. These genes play critical
roles during fetal development. Mutations in paired box
gene 3 are associated with Waardenburg syndrome,
craniofacial-deafness-hand syndrome, and alveolar
rhabdomyosarcoma. The translocation t (2; [3)}(g35;
¢14), which represents a fusion of PAX3 and the fork-
head gene, is a frequent finding in alveolar rhabdo-
myosarcoma {Shapiro et al. 1993). Interestingly, loss of
2q36, where this gene is located, was reported in non-
small cell lung cancer (NSCLC) (Petersen et al. 1997).

Thus, we identified several interesting findings on
PMAD analysis. One of the merits of our method is that
it uses only cancer-refated genes for a microarray. This
enables us to detect methylation changes thal occur only
in cancer-related genes. 1 we find common epigenetic
changes in cancers, we can then consider the biological
meanings of those changes. However, it is true that this
approach could overlook unexpected changes in other
genes, so il is also important to use genome-wide
microarrays. However, too many changes in genes of
unknown function malke it difficult to narrow down
the targets in a genome-wide approach, making it
time-consuming and expensive. On the other hand, our
cancer-related microarray is not expensive and analysis
is easy.

In summary, we have developed a PMAD and found
it very useful for analyzing DINA methylation in cancers,
because the microarray contains critical promoter re-
gions of each cancer-related gene, the methylation of
which is highly related to the repression of the gene. We
found an unexpectedly high rate of hypermethylation in
lung cancer cell lines, especially in HICI, IRF7, ASC,
RIKPK3, RASSF1A, FABP3, PRKCDBP, and PAX3.
This demonstrates that our PMAD method is effective at
finding epigenetic changes during cancer. Further anal-
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Adenocarcinoma cell Sm:{ll eell
: carcinoma
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wysy AR IO S [T A g [y U U

U: Unmethylated
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ysis of primary tumors indicated that the frequency of
hypermethylation was high for ASC (82%) and PAX3
(86%) in all tumor types and high for RIPK3 in small
ceil carcinoma (57%).
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Lung Cancer Mass Screening with Sputum Cytology in Japan

Masami Satol; Yasuki Saito’; Satomi Takahashil; Zenichi Nishino®

ABSTRACT — Sputum cytology is the only method that can detect early hilar type lung cancer. No other method
such as CT or bronchoscopy could be an alternative for huge mass screening. According to the results of famous ran-
domized control studies conducted in 1970s and 1980s in the US and those of Mivagi Prefecture in 1990s, sputum cytol-
ogy showed that higher sensitivity for lung cancer detection and better prognosis in the 1990s. In addition, Mivagi
Cancer Registry revealed that the incidence of lung squamous cell carcinoma was higher than that of adenocarcinema
in male smokers in 1990s. Also the Registry showed that the number of male squamous cell carcinoma patients of the
lung was almost equal to that of male adenocarcinoma patients. The ratio of male smokers in Japan is double that of
the US. These findings suggest that lung cancer screening with sputum cytology is important in Japan. However, the
detection ratio of lung cancer with sputum cytology varied in prefectures in Japan. Thus. it is evident that quality con-
trol for sputum cytology is necessary in each prefecture. (JLC. 2006:46:363-870)

KEY WORDS — Sputum cytology, Lung cancer mass screening, Squamous cell carcinoma, Early detection
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Table 1. Lung Cancer Prevalence Detected Among Screenees Who Under-
went Both Screening Methods

Miyag! MAYO JELP MSKLP Czech Rep.
Chest X-ray film 26 (26.3%) 59 (64.8%) 20 (51.3%) 14 (46.7% 8 (94.795)
Sputum cytology 53 (61.1%) 17 (187% 1 (282%) 9 (30.0% 6) 0 (0.0%
Both methods 11 {11.6%) 15 (1659%) 3 {20.5%) 7 (23.3%} 1 (5.3%)
Total 95 9] 39 30 19
Year 1950s 1970s to early 1980s 1970s

Table 2. Comparison of Stage 0-1, Resection Ratio and 5-
year Survival Among Prevalent Lung Cancer Patients
Who Received Both Screening Methods

Mivagi MAYO JHLP MSKLP Czech Rep.

Stage 0-1  74.7% 45% 615%  46.7% 27.8%
Resection  69.5% 54% 66.7%  60.0% 33.3%

Plveyear gr4s 0%  58%  48% 28%
Year 18905 1970s to early 1980s 1670s
864 Japanese Journal of Lung Cancer—-Vol 46, No 7, Dec 20, 2006—www.haigan.gr.jp
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Annual numbers of lung cancer cases during 1989 to 1958 among male smokers who received screening

Table 3. Detection Ratio by Sputum Cytol-
ogy in Patients Who Received Both Chest X-
ray Film Examination and Cytologic Examina-
tion by Sputum from 1589 to 1999

Squamous cell carcinoma 185/227 (81.5%)
Adenocarcinoma 18/92 (19.6%
Large cell carcinoma 4722  (18.2%)
Small celi carcinoma 8720 (27.6%)
Others 3/7  (429%)

Total 218/377 (87.8%
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Figure 2. Trends in male lung cancer patients in Miyagi prefeciure by histologic subtype.
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Figure 3. Lung cancer detection rate by sputum cytology/100,000 screennes in each prefecture, Japan.
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Case Histology Number of cytopathologists Number of eytopathologists who Number of cytopathologists who
who diagnosed the case as diagnosed the case as having diagnosed the case as having no
having no malignancy malignancy lesions which need
brenchoscopic examination

I No malignancy 14 5 2

2 No malignancy 10 6 1

3 Cancer 15 Kl

4 Cancer 10 6 4

5 No malignancy 7 8 2

6 Cancer i35 2

7 No malignancy 3 12 6

8 Cancer 17 2

9 Cancer 8 10 3

10 Mo malignancy 5 8 I

11 No malignancy { 4 7

12 Cancer 16 Z

13 No malignancy o 4 1

14 No malignancy 1i 6

15 Cancer 14 3

16 No maligrancy 1 14 6

17 Canger 11 5 1

8 Cancer 18 1

19 No malignancy 3 12 6
20 Mo malignancy 6 2 3

Figure 5. Difference in final diagnosis among cytopathologists in cases of early lung cancer or of dysplasia.
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gastric cancer, metastatic lung tumor, hematogenous metastasis, lymphogenous metastasis
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Fig. la Chest X-ray film taken 2 years after the abdominal section showed a mass
(46 22mm) hidden in the cardiac shadow.

Fig. Ib Chest CT showed an irregular-shaped heterogenecus mass adjacent to the
thoracic aorta and the esophagus at the left hilum. No lymph node was

detected.

Fig. lc The coronary section of chest MRI indicated an irregular low signal mass
on T1 weighted image. A thin fat layer between the mass and the thoracic

aorta was found.

FEV1.02.10/, FEV1.0% 72.91% & EHHETH - 72,

MothBast X AT R [ LI HEF T T AR
T hMiE R (Fig. 1a).

Bl CT AR . TATABIIRE L VR (#BL3h
BE) ST AR, IGM - WY > VHT
DFERE AL E D o7z (Fig. 1b), KERIE L @
ERPAHECTREOWRERLEL N O, MRI
HEE{T-2.

B MRIFRR [ CT @ B L E#kis, FITRBMRIC
By BRSO b, EEOTEETEIZE,
EEZ BN (Fig. 1o).

FOMOBETHEBEZOHMAD Aoz,
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Pl Eopr BT X 0 BEERWIN ¢ T2NOMO, stage IB DF%E
PENGIE & Ry, 6 B R & AT L7,

EWAR  ARAAE, EolETHRET L &L
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Fig. 2a

Fig. 2Zb

Fig. 2c

Fig. 2d

Photomicrograph shows the structure of well differentiated adenocarcino
central necrosis. Under low-powered magnification.

Photomicrograph shows the structure of well differentiated adenocarcinoma with ne-
crosis. Under high-powered magnification. These findings suggested that the mass was
the metastasis from the gastric cancer.

Photomicrograph shows well differentiated adenocarcinoma (tubl) of primary gastric
cancer.

Tumor invasion to the vessel lumen (v1) was observed in the lesion of primary gastric

cancer by Elastica-Masson staining.

(Fig. 2a, 2b). =i, RIS BHMOMER (Fig.
2c) WL TEB Y, RERRICITHREWEEITED

STz (Fig. 2d). BAOMEZREBETH - 7.
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