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Fig. 3. Comparison of the immunohistochemical scores for PP5/TFPI-2,
plypican-3, and syndecan-1 in the placental samples. Data are expressed as
the mear  SE. Swdent’s ¢ test was used for all comparisons. *p = 0.035,
compared to the Control, and p=0.001, compared to Group IUGR,
. **p = (1.045, compared to the Contro}, ***p = 0.023, compared 10 the Control,
and ***¥p = 0.003, compared to the Control.

and Group P+ TUGR, the maternal serum PP3/TFPI-2 levels
and placental immunohistochemical intensities of PP5/TFPI-
2 were comparable to the Control. Although the patients in
Group P and Group P +TUGR had preeclampsia to the same
severity, they were not the same in the status of PP5/TFPI.2.
The reason of the different status of PPS/TFPI-2 between pre-
eclampsia and IUGR, as well as its relation to the clinical
symptoms, is not known. Further studies would provide
some available information on the pathogenesis of preeclamp-
sia and IUGR.

Finally, we found that the umbilical serum levels of PP5/
TFPI-2 were too low to be measured. The PP5/TFPI-2 levels
were decreased in the maternal serum samples obtained 4
days after delivery, in agreement with another report {30].

v=031508+2.9902 "
2 © p=0.004
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Immunohistochemica score for TFPI-2/PPS

Fig. 4. Correlation between the immuaohistochemical scores for PP5/TFPI-2
and those for glypican-3. C.I. = 0.506, p = 0.004 (Spearman’s correlation test}.
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Fig. 5. Interaction of PP5/TFPI-2 and glypican-3 by immunoprecipitation
experiments. HepG2 cell lysates from the PPS/TFPI-2 expression vector trans-
fectant or the empty vector one were prepared as described in the text, Ten
microliters of each sample before immunoprecipitation was loaded as input.
Ten microliters from each 50 gl immunoprecipitant was also loaded. (A)
Immunoblotled with anti-glypican-3 antibody and (B) with anti-PP5/TFPI-2.
Molecular size from the marker bands was presented on the lefi side of
each panel. Lanes 1 and 3, imputs; Lanes 2 and 4, immunoprecipitants,
Ig-H, immunoglobulin heavy chain; Ig-L, immunoglobulin light chain;
glycated, the glycated form of glypican-3; and core, the core protein of
glypican-3.

The role of PP5/TFPI-2 in pregnancy is not yet fully under-
stood, but it is certain that PP5/TFPL-2 functions within the
maternal serum and/or in the placenta, rather than in the fetal
stde. Qur hypothesis has been that PP5/TFPI-2 works as an
anticoagulant on the villous surface, which is not verified yet.
Another group [47] has shown that the cognate tissue factor
initiated coagulation inhibitor TFPI (or TFPI-1) is responsible
for inhibiting coagulation in the placenta. Cur finding in the
present study, demonstrating the loss of PP5/TFPI-2 in the
syncytium of the patients with preeclampsia, might imply s
anticoagulant feature, because preeclampsia often encounters,
with elevated coagulation activity. Measuring the parameters
of maternal coagulation activation in parallel with the exami-
nations of placental events in situ should be considered as
a further step to answer these questions.

In summary, the interaction of PP5/TFPI-2 with glypican-3
has been demonstrated from our studies. In patients with pre-
eclampsia, there was a discrepancy in the PP5/TFPI-2 level in
maternal serum, and the immunohistochemical intensity of the
protein in the placenia. A decrease in the amount of glypican-3
in the placenta seems to hold the key for the discrepancy, but
further studies are necessary to clarify the facts. Preeclampsia
and TUGR, ofter: regarded to share the same pathological ba-’
sis, appeared to be totally distinct in terms of PPS/TFPI-2
distribution.
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A follow-up study of the cohort population who had a checkup in lung cancer CT screening program
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1} Division of Cancer Prevention and Cancer Contro}, Kanagawa Cancer Center
2) Division of CT Examination, Association of Kanagawa Preventive Medicine

Abstract

An evaluzation study about the effectiveness of lung cancer screening program using a low-dose CT
has been carried out. The object of this study is a cohort population with 1,936 who received CT
screening more than once at the Association of Kanagawa Preventive Medicine for periods froma CT
screening start point in time of April, 1996 to August, 2002. A follow-up survey about lung cancer
incidence, mortality, and moving to outside the Kanagawa Prefecture has been conducted
chronologically. Twenty-six lung cancer patients were checked from this cohort population by CT
screening. The follow-up survey by inquiry to the government office of cities, towns and villages until
the end of December, 2002, the dead of 37 examples and the persons on moving to outside of 27
examples were confirmed, Inspecting the death certification with permission of Japanese
Government, the cause of death was revealed and all cancer death was 22 examples including lung
cancer of 5 examples. The analysis was executed by the standardized detection ratio {SDR) and the
O/E ratio using the person-years method. As a result, the SDR of lung cancer incidence was a high
value of 3.78 {p < 0.01). The Q/E ratios of the all death, the all cancer death and the lung cancer death
were 041 {p < 0.01), 0.63 (»p < 0.05), and 0.72, respectively. In spite of the high SDR, the lung cancer
mortality rates do not decrease at all. It is necessary to extend an observation period of this cohort
and to confirm a decrease effect of the lung cancer mortality in future.

Key Words: CT screening, follow-up study, evaluation
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Genome-wide profiling of promoter methylation in human
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DNA methylation in the promoter region of a gene is
associated with a loss of that gene’s expression and plays
an important role in gene silencing. The inactivation of
tumor-suppressor genes by aberrant methylation in the
promoter region is well recognized in carcinogenesis.
However, there has been little study in this area when it
comes to genome-wide profiling of the promoter methyla-
tion. Here, we developed a genome-vwide profiling method
called Microarray-based Integrated Analysis of Methyla-
tion by Isoschizomers to analyse the DNA methylation of
promoter regions of 8091 human genes. With this method,
resistance to both the methylation-sensifive restriction
enzyme Hpall and the methylation-insensitive isoschizo-
mer Mspl was compared befween samples by using a
microarray with promoter regions of the 8091 genes. The
reliability of the difference in Hpall resistance was judged
using the difference in Mspl resistance, We demonstrated
the utility of this method by finding epigenetic mutations
in cancer. Aberrant hypermethylation is known to
inactivate tumour suppressor genes. Using this method,
we found that frequency of the aberrant promoter
hypermethylation in cancer is higher than previously
hypothesized. Aberrant hypomethylation is known to
induce activation of oncogenes in cancer. Genome-wide
analysis of hypomethylated promoter sequences in cancer
demonsirated low CG/GC ratio of these sequences,
suggesting that CpG-poor genes are sensitive to demethy-
lation activity in cancer.
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Microarray-based methods of comparing differences in
DNA methylation in the genome of two samples using
methylation-sensitive restriction enzymes (Yan er al.,
2001; Hatada et al., 2002) have two problems, The first
is that the microarrays contain clones from libraries of
CpG islands. CpG islands are CpG-rich regions of the
genome originally thought to be associated with the 5'
region of genes. There were severa] approaches using
CpG islands libraries for microarrays (Yan et al., 2001;
Hatada er al., 2002; Heisler ef al. 2005; Weber et al.,
2005). Although 60% of human genes have CpG islands
in the promoter or first exon, more than 80% of all CpG
islands have no relation to genes and are unlikely to
regulate gene expression (Takai and Jones, 2002). To
solve this problem, we used a microarray with 60-mer
oligonucleotides derived from promoter regions of 8091
human genes. DNA methylation in promoter regions is
most important for the regulation of gene expression.
The second problem is the risk of false positives
resulting from restriction site polymorphisms and/or
incomplete digestion of DNA. To resolve this issue,
we developed a new method called Microarray-based
Integrated Analysis of Methylation by Isoschizomers
(MIAMI). We wutilized resistance to a methylation-
insensitive restriction enzyme, Mspl, to judge the
false-positive results for resistance to the methylation-
sensitive isoschizomer Hpall (Figure 1a). If two samples
have a restriction site polymorphism at an Hpell site
and/or one of the samples has incomplete digestion at a
Hpall site, they will differ in resistance to Hpall.
However, in this case the resistance to methylation-
insensitive Mspl at this site will also differ between
samples because both enzymes recognize the same
recognition site, CCGG. Therefore, we can treat such
changes as false positives based on Afspl resistance
(MR).

We constructed a 60-mer-oligonucleoide microarray
containing portions of Hpall fragments located in
promoter regions of 8091 genes. We targeted the region
from 600 base pairs upstream to 200 base pairs
downstream of the transcriptional start sites for genes
whose start sites were characterized on the basis of the
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Figure 1 MIAMI. {a) Schematic flowchart for the MIAMI method for comparison of sample A and sample B. Details were deseribed
in the text. (b) Application of the MIAMI method 1o a lung cancer cell line (1-87, abbreviated as LC) and a normal lung {(abbreviated
as C). Values for log(HR fHR) are plotted on the x-axis and log{M R o/MRc) are plotted on the y-axis. Green lines are located log3
of the horizontal distance from the y-axis. The regression fine is in yeflow and red lines are located log3 of the horizontal distance from
this line. Points located more than this distance right of the regression line are judged as hypermethylated. Points located more than
log5 of the horizontal distance left of the regression line are judged as hypomethylated. Genes indicated by red and green circles are
tocated more than this distance from the y-axis. Hypermethylation was confirmed for genes indicated by red circles that were fouad to
meet the criteria. Hypermethylation was not confirmed for genes indicated by green circles that did not meet the criteria, although they
were located log5 of the horizontal distance from the y-axis. Orange and blue circles meet the criteria but are less than log5 of the
distance from the y-axis. Hypermethylation was confirmed for genes indicated by orange circles but not blue circles. (¢} Summary of
methylation changes in a lung cancer cell line (1-87, abbreviated as LC) compared to a normal lung (abbreviated as C}. Methylation
change (horizontal distance from the regression line) for each gene is plotted on the y-axis. Red broken lines indicate the threshold we
used (log5). Genes are placed in order of position along x-axis. (d) Average ratio of CpG contents to GC contents (CG/GC) and
average ratio of AT contents to TA contents (AT/TA) were calculated for hypermethylated, wnchanged, and hypomethylated genes.
National Center for Biotechnology Information annota-  the condition that it does not have self-complementarity
tion and/or Database of Transcriptional Start Sites. The  (Primer 3 program; Rozen e al., 2000) and homology to
probe nearest to a transcriptional start was selected on  the human genome (megaBlast program; Altschul et al.,
Oncogene
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Figure I Continued.
1990). Microarrays were made using an ink-jet oligonu- had methylated internal Hpall sites before the PCR
cleotide synthesizer as described (Hughes et ai., 2001). retained Hpall (Mspl) sites. Therefore, Mspl digestion
Average position of the 8091 probes was 36 base pairs  made it impossible to amplify these methylated frag-
upstream of the transcription start sites. Average GC  ments. In the second main PCR, only unmethylated
content of the probes was 65%. All probes were DNA fragments were amplified. Amplified unmethy-
included in the Hpall fragments less than 600 base  lated Hpall-cleaved DNA fragments from two samples
pairs. Average fragment length of the probe containing  were labeled with Cy3 and Cys$, respectively, and co-hy-
Hpell fragments was 194 base pairs. bridized to the microarray with 60-mer oligonucleotides
We defined resistance as reciprocal of sensitivity. from promoter regions of 8091 genes. After hybridiza-
Therefore, Hpall-sensitive (cleavable) DNA and Mspl-  tion, the microarray was scanned and fluorescence
sensitive (cleavable) DNA were amplified and used for  intensities on a scanned image were quantified, corrected
calculating the Hpall resistance (HR) and MR, respec-  for background noise, and normalized with the software
tively. For HR, Hpall-cleavable unmethylated DNA  DNASIS Array (Hitachi Software Engineering). Spots
was amplified (I). Hpall-cleaved DNA fragments were  with both Cy3 and CyS5 signals less than 0.001% of total
ligated to an adaptor and subjected to first PCR  signals were removed before analysis. HR was defined as
(Figurc ia). At this stage, only DNA fragments that 1/(normalized Hpall intensity). Therefore, the ratio of
Oncogene
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HR of two samples (HRp/HR 1) can be represented by
(normalized Hpall intensity)s/(normalized Hpall in-
tensity)p. For MR, all Mspl -cleavable DNA (unmethy-
lated plus methylated) was amplified (II). Mspl-cleaved
DNA fragments were amplified and labeled similarly as
Hpall-cleaved DNA fragments then co-hybridized to
another microarray with the same 8091 genes. MR was
defined as I/(normalized Mspl intensity). Therefore, the
ratio of MR of two samples (MRp/MR4) can be
represented by (normalized Mspl intensity)sf(normal-
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ized Mspl intensity)p. Details for all procedures are
described in Supplementary information L.

We applied the MIAMI method to a lung cancer
cell line (1-87, abbreviated as LC) and a normal
lung {abbreviated as C). Values for log(HR; c/HRc)
and log(MRrc/MRg) are plotted on the x and the y-
axis, respectively, of Figure 1b. Various genes whose
HR changed more than fivefold (abslog{(HRpc/
HR) > logs, areas more than log5 of the horizontal
distance from .the y-axis) were selected as candidates
(indicated by red and green circles in Figure 1b and

__.Msp i (Msp I}

TWISFNB TREML2 RNPC2 SEMAGA ABSSLI

Adecocarcinoma

Squamous
cell

carclnema

Small cell

carcinoma

Fipure 2 Characterization of genes detected by MIAMI in a kg cancer. The PCR primers used are indicated in Supplementary
information 3. (a) COBRA analysis of indicated genes. Genes indicated by red, orange, and blue circles met our criteria whereas
indicated by green circies did not. COBRA analysis confirmed hypermethylation for genes indicated in red and orange and not genes
indicated by green and blue. U indicates bands originating from unmethylated DNA. Other bands originated from methylated DNA.
{b) Characterization of genes not meeting our criteria. Mspl (FHpall) polymorphisms were detected by PCR followed by digestion with
Mspl. All the genes not meeting the criteria have Mspl (Hpall) polymorphisms. (¢) COBRA and RT-PCR analysis of CIDEB and
MLH32 genes in six lung cancer cell fines (1-87, RERF-LCMS, EBC-1, LK-2, VMRC-LCP and LK79). U indicates bands originating
from unmethylated DNA. Hypermethylation was observed for five of six lung cancer cell lines for CIDEB and two of six for MLH3.
RT-PCR analysis showed that expression was reduced in all these hypermethylated cell lines. G3PDH was used for a control. {d)
COBRA analysis of CIDEB genes in primary tumours. Eight adenocarcinomas, eight squamous cell carcinomas and five small cell
carcinomas were used for analysis. Seventy-one per cent {15/21) of primary tumours were hypermethytated.
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Supplementary Figure 1). These genes were confirmed to
differ in methylation between the cancer and the normal
lung by combined bisulfite restriction (COBRA) analy-
sis, with the genes indicated by red circles hypermethy-
lated in the cancer cells and the genes indicated by
green circles having no methylation-based changes
{Figure 2a). To characterize these false positives without
changes in methylation (green circles), PCR was
conducted followed by digestion with Hpall to test for
site polymorphisms. We found these false positives have
site polymorphisms between the cancer and the normal
lung (Figure 2b). All these false positives were close to
the regression line (yellow line in Figure 1b and
Supplementary Figure 1) where ideal changes in HR
and MR are postulated to be equal. Therefore, we made
threshold criteria with which to judge points iocated
more than log5 of the horizontal distance from the
regression line as altered genes. (Figure lb and
Supplementary Figure 1). Points located more than this
distance right of the regression line were judged as
hypermethylated and points located more than this
distance left of the regression line were judged as
hypomethylated. Using our criteria, we could neglect
all false positives (green circles) and all genes meeting
the criteria (red circles) had methylation changes,
indicating our threshold is quite reasonable for selecting
methylation-changed genes. Next we chose six genes
that were located more than log5 of the horizontal
distance from the regression line but less than log5 from
the y-axis (indicated by orange and blue circles in
Figure Ib and Supplementary Figure 1), These genes
can be judged as hypermethylated using our criteria but
their changes in HR are less than fivefold. COBRA
analysis indicated that five of the six had actually
methylation-based changes (Figure 2a), indicating again
our threshold criteria is useful for selecting methylation-
changed genes (orange circles indicate positives and blue
circles indicates false positive). Conventional, indepen-
dent COBRA experiments using gene-specific primers
confirmed 17 of 18 hypermethylations that were
identified by integrated analysis of HR and MR at a
threshold of log5. This suggests that our empirical rate
of false positives is 6%. We used our threshold criteria
to calcuiate the ratio of changes and found that 5.7% of
the promoters of the genes were hypermethylated and
0.6% were hypomethylated in lung cancer (Figurelc and
Supplementary information 2). This frequency is much
higher than a previous result in lung cancers (Yan et al.,
2001), suggesting high sensitivity. Further improvement
such as wusing linear amplification could make this
method more efficient because it is expected that a
proportion of fragments will not amplify and give no
signal by PCR. Actually we removed 14% of spots with
both Cy3 and Cy5 signals less than 0.001% of total
signals for analysis to get reproducible results.

Next we analysed the character of 5 sequences (from
1000 base pairs upstream to 200 base pairs downsiream
of the transcriptional start sites) for these hypermethy-
tated and hypomethylated genes. Average ratio of CpG
contents to GC contents (CG/GC) was calculated for
hypermethylated, unchanged, and hypomethylated

Genome-wide profiling of promoter methylation
i Hatada et af

genes (Figure 1d). We found hypomethylated genes
had a low CG/GC ratio compared to genes without
methylation change (P=4.0 x 10~ Figure 1d). How-
ever, the AT/TA ratio showed no such tendency
(Figure 1d). This suggests that CpG-poor genes are
easily demethylated compared to CpG-rich genes. In
other words, CpG-poor genes are more sensitive to
demethylation activity than to CpG-rich genes. This
could be explained by protection of demethylation
activity by a methyl-CpG binding protein. Promoters
with a low density of methyl-CpGs bind MeCP-1 less
strongly than those with a high density of methyl-CpGs
(Boyes and Bird, 1992). Therefore, it is intriguing to
speculate that CpG-poor genes are less protected by
MeCP-1 from demethylation activity. Aberrant hypo-
methylation is related to the activation of oncogenes.
Therefore, our finding of the unique character of
hypomethylated genes will help us to understand the
mechanism of carcinogenesis.

Aberrant hypermethylation is known to inactivate
tumour suppressor genes (Baylin ef @i, 1997; Ushijima,
2005), Among the hypermethylated genes we identified,
further analysis of CIDEB and MLH3 were performed.
CIDEB (Cell death-inducing DFFA-like effector b)
activates apoptosis in mammalian cells (Inohara et al.,
1998) and is located at 14qll where LOH frequently
oceurs in lung cancers (Abujiang et al., 1998). M1.H3,
Mutl. Homolog 3, is a DNA mismatch repair gene
associated with mammalian microsatellite instability
(Lipkin er al., 2000). MLHI, from the same family,
was frequenily mutated in hereditary nonpolyposis
colon cancer (Papadopoulos er al, 1994) and was
involved in microsatellite instability DNA in colon
cancers (Jager et al, 1997). A methylation-based
analysis of an additional five lung cancer cell lines using
COBRA revealed hypermethylation in five of six for
CIDEB and two of six for MLH3 (Figure 2c). RT-PCR
analysis showed that expression was reduced i all
hypermethylated cancers (Figure 2c), indicating that the
expression profile of the genes completely correlated
with the methylation profile of the genes. Further
methylation analysis was performed for CIDEB in
primary tumours using COBRA. We found 71% (15/
21) of primary lung cancers were hypermethylated in the
promoter of CIDEB (Figure 2d). The present study was
approved by the Ethics Committees of Tohoku Uni-
versity School of Medicine and Gunma University.
Following a complete description of the research
protocol, written informed consent was obtained from
each participant.

In conclusion, we conclude MIAMI is a powerful
method for genome-wide profiling of promoter methyla-
tion in the human genome. This method is useful for
epigenetic studies of cancers.
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