W J

World Journal of
Gastroenterology

Online Submissions: http:/ /www.wjgnet.com/1007-9327office

wjg@wijgnet.com
doi:10.3748 /wjg.v18.i1.70

World | Gastroenterol 2012 January 7; 18(1): 70-78
ISSN 1007-9327 (print) ISSN 2219-2840 (online)
© 2012 Baishideng. All rights reserved.

BRIEF ARTICLE

Germline promoter hypermethylation of tumor suppressor

genes in gastric cancer

Pu-Yuan Wu, Zheng Zhang, Jing-Mei Wang, Wen-Wen Guo, Nong Xiao, Qiong He, Ya-Ping Wang, Yi-Mei Fan

Pu-Yuan Wu, Zheng Zhang, Wen-Wen Guo, Ya-Ping Wang,
Yi-Mei Fan, Department of Medical Genetics, Medical School,
Nanjing University, Nanjing 210093, Jiangsu Province, China
Pu-Yuan Wu, Zheng Zhang, Wen-Wen Guo, Ya-Ping Wang,
Yi-Mei Fan, Jiangsu Key Laboratory of Molecular Medicine,
Nanjing 210093, Jiangsu Province, China

Jing-Mei Wang, Department of Pathology, Drum Tower Hos-
pital Affiliated to Medical School, Nanjing University, Nanjing
210093, Jiangsu Province, China

Nong Xiao, Qiong He, Department of Pathology, Lujiang Hos-
pital, Lujiang, Chaohu 231500, Anhui Province, China

Author contributions: Wu PY and Zhang Z contributed equally
to this work; Fan YM conceived and designed the study, and
drafted the manuscript; Wu PY, Zhang Z, and Guo WW per-
formed the experiments; Wang JM, Xiao N and He Q contributed
to the collection of samples and clinical data; Wang YP reviewed
and modified the paper; All of the authors have read and ap-
proved the final manuscript.

Supported by The National Natural Science Foundation of
China, No. 30972535; the Natural Science Foundation of Jiangsu,
China, No. BK2008269; the Fundamental Research Funds for the
Central Universities of China, No. 1112021402
Correspondence to: Dr. Yi-Mei Fan, Associate Professor,
Department of Medical Genetics, Medical School, Nanjing Uni-
versity, Hankou Road 22, Nanjing 210093, Jiangsu Province,
China. ymfan@nju.edu.cn

Telephone: +86-25-83593374 Fax: +86-25-83686559
Received: April 15,2011 Revised: July 11, 2011
Accepted: July 18,2011

Published online: January 7, 2012

Abstract

AIM: To explore germline hypermethylation of the tu-
mor suppressor genes MLH1, COHI and P16™% in sus-
pected cases of hereditary gastric cancer (GC).

METHODS: A group of 140 Chinese GC patients in
whom the primary cancer had developed before the
age of 60 or who had a familial history of cancer were
screened for germline hypermethylation of the MLH1,
CDH! and P16™% tumor suppressor genes. Genomic
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DNA was extracted from peripheral blood leukocytes
and modified by sodium bisulfite. The treated DNA
was then subjected to bisulfite DNA sequencing for a
specific region of the MLH1 promoter. The methylation
status of CDH1 or P16™% was assayed using methyl-
ation-specific PCR. Clonal bisulfite allelic sequencing in
positive samples was performed to obtain a compre-
hensive analysis of the CpG island methylation status of
these promoter regions.

RESULTS: Methylation of the MLH1 gene promoter
was detected in the peripheral blood DNA of only 1/140
(0.7%) of the GC patient group. However, this methyla-
tion pattern was mosaic rather than the allelic pattern
which has previously been reported for MLH1 in heredi-
tary non-polyposis colorectal cancer (HNPCC) patients.
We found that 10% of the MLAH1 alleles in the periph-
eral blood DNA of this patient were methylated, consis-
tent with 20% of cells having one methylated allele. No
germline promoter methylation of the CDH! or P16™*
genes was detected.

CONCLUSION: Mosaic germline epimutation of the
MLH1 gene is present in suspected hereditary GC pa-
tients in China but at a very low level. Germline epimuta-
tion of the CDHI or P16™% gene is not a frequent event.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Gastric cancer (GC) is one of the most common malignan-
cies worldwide and is the most frequent form of cancer in
East Asian countries. Point mutations or deletions within
large genomic segments of tumor suppressor genes have
previously been detected in about 30% of individuals
with a genetic predisposition to GC"?, However, the un-
derlying genetic abnormalities in more than 70% of GC
patients thus remain unknown. The methylation of cyto-
sines in CpG dinucleotides within the promoter regions
of tumor suppressor genes can result in transcriptional
silencing and this occurs frequently in GC tumots. As one
of the major genes in the mismatch repair (MMR) system,
MI_HT is considered to be one of the key causative genes
for GC. Hypermethylation of the MI.H7 gene promoter
is extremely frequent and often correlates well with loss
of the MLHT protein in tumor cells” . The epithelial cad-
herin gene CDHT is also associated with GC and shows
decreased expression in GC tumors. However, germline
mutations in CDHT have been found in only some pa-
tients with hereditary diffuse gastric cancer (HDGC). A
high rate of promoter methylation of CDHT is observed
in GC tumors and is associated with the inactivation of
this genem”. As an important protein in the cell cycle
regulatory pathways, the inactivation of P16™"is one of
the most commonly observed abnormalities in human
cancer. This can occur via the hypermethylation of CpG
islands within its promoter in many tumor types including
gastric cancers and germline mutations in this gene in GC
are relatively rarel !,

Recent reports have shown that promoter hypermeth-
ylation of the MILH7 gene is not limited to tumor cells
but might also occur in the peripheral blood and other tis-
sues of patients with early-onset colorectal cancer (CRC),
suggesting a germline origin“z"m]. Importantly however, al-
though the promoters of MI.H1, CDHT and P16™"" are
hypermethylated in GC tumors, it is currently not known
whether these epigenetic events exist in the germline and
cause a GC predisposition in affected individuals.

In our current study, we characterize the germline pro-
moter methylation of the MILH7, CDH7 and P16™"" tu-
mor suppressor genes in GC. We screened a selected cohort
of Chinese GC cases in whom the cancer had developed
before the age of 60 years or in which there was familial his-
tory of MI.H1, CDHT and P16"™"* germline epimutations.

MATERIALS AND METHODS

Subjects

A cohort of 140 GC patients from the Jiangsu, Anhui
and Zhejiang provinces of China was assembled for this
study. The selection of patients was based on the GC
family history and onset ages i.e., (1) individuals with GC
and two or more first-degree relatives with GC, denoted
as high familial cancer history (HF) cases; (2) individuals
with GC and one first- or second-degree relative with
GC, designated low familial cancer history (LF) cases;
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and (3) individuals diagnosed with GC prior to 60 years
of age, but no family history of this disease, referred to
as young onset (Y) patients. Of the 140 GC patients in
our selected cohort, we identified 18 HE 43 LLF and 79
Y cases. Thirty age-matched normal controls were also
included in the analysis. Informed consent was obtained
from each subject who underwent genetic testing, in ac-
cordance with the guidelines of the Ethics Committee of
the Medical School of Nanjing University.

Methylation screening and bisulfite sequencing
Peripheral blood leukocyte DNA was bisulfite modified
using the CpGenome™ DNA Modification Kit (Chemi-
con International, Temecula, CA, United States) in ac-
cordance with the manufacturer’s instructions. A specific
CpG-rich sequence in the MI.LH7 promoter region (from
-427 to -53 bp relative to the translation start site for hu-
man MI.H7, a 375 bp fragment containing 20 CpG sites;
Figure 1A) was selected. This region is purported to be
strongly associated with MLH7 silencingm’zz]. Bisulfite
DNA sequencing (BSP) of this region was performed
to determine the comprehensive CpG island methyla-
tion status of the MILLH7 gene promoter using an ABI
3100-Avant automated sequencer (Applied Biosystems,
Foster City, CA, United States). The primers used for BSP
were MLH1-BE, 5- TAAGGGGAGAGGAGGAGTTT-
GA-3 (sense) and MLH1-BR, 5-CAACCAATCACCT-
CAATACCTC-3’ (antisense). The obtained PCR products
displaying methylated CpG sites were subcloned into the
PMD18-T vector [TaKaRa Biotechnology (Dalian) Co.,
Ltd., Dalian, China] and at least 10 clones were selected
and sequenced for each sample using universal M13 prim-
ers to determine the level and extent of gene promoter
methylation.

The methylation status of CDHT7 and P76 was deter-
mined by methylation-specific PCR (MSP) after treatment
of the DNA with sodium bisulfite. The primer sequences
used have been reported previously for CDH7™'" and P16
and ate as follows: CDH1-M-E, 5-GGTGAATTTTTAGT-
TAATTAGCGGTAC-3 (sense) and CDH1-M-R, 5-CATA-
ACTAACCGAAAACGCCG-3’ (antisense) for methylated
CDHT; CDH1-U-F, 5-GGTAGGTGAATTTTTAGTTA-
ATTAGTGGTA-3 (sensc); and CDH1-U-R, 5-ACCCATA-
ACTAACCAAAAACACCA-3 (antisense) for unmethylated
CDHT; P16-M-F, 5-TTATTAGAGGGTGGGGCG-
GATCGC-3’ (sense) and P16-M-R, 5-GACCCCGAACC-
GCGACCGTAA-3 (antisense) for methylated P76; P16-U-E,
5-TTATTAGAGGGTGGGGTGGATTGT-3 (sense), and
P16-U-R, 5- CAACCCCAAACCACAACCATAA-3 (anti-
sense) for unmethylated P76. The PCR-amplified regions
for the methylated (from -78 to +127 bp relative to the
transcription initiation site for human CDHY, 205 bp) and
unmethylated (from -78 to +130 bp relative to the tran-
scription initiation site, 208 bp) CDHT alleles contained 19
CpG dinucleotides, including five CpGs at the primer an-
nealing sites (Figure 3A). The primer sets spanned the tran-
scriptional start site and were designed to include methyla-
tion sites that best corresponded with the transcriptional
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silencing of CDHT in the published literature®.

The PCR-amplified region for the methylated (from
-80 to +70 bp relative to the translation initiation site for
human P76, 150 bp) and unmethylated (from -80 to +71
bp relative to the translation initiation site, 151 bp) p76
alleles contained 19 CpG dinucleotides, including eight
CpGs at the primer annealing sites (Figure 6A).

The positive samples were further amplified us-
ing CDHT or p16 gene-specific primers CDH1-BF-5-
TAGTAATTTTAGGTTAGAGGGTTA-3’ (sense)
and CDH1-BR-5-AAATACCTACAACAACAACAA-
CAAC-3’ (anti-sense)™; P16-BF-5-TTTTTAGAG-
GATTTGAGGGATAGG-3’ (sense) and P16-BR-5-
CTACCTAATTCCAATTCCCCTACA-3 (anti-sense)'"”.
The amplified fragments (363 bp, from -185 to +178 bp
relative to the transcription initiation site of CDHTY, Figure
3A; 392 bp, from -159 to +233 bp relative to the transla-
tion initiation site of P76, Figure 6A), wetre sequenced
using an ABI 3100-Avant automated sequencer (Applied
Biosystems, Foster City, CA, United States). CpGenome
universal methylated and unmethylated DNA (Chemicon
International, Temecula, CA, United States) served as a
positive control for gene promoter hypermethylation and
hypomethylation, respectively.

RESULTS

Methylation analysis of the MLH1 promoter

A stretch of 375 bases incorporating 20 CpG sites in the
MI_HT proximal promoter was analyzed (Figure 1A). In
one of the 140 suspected hereditary GC patients in out
cohort (patient G40), partial methylation was detected
by BSP through the 6th to 20th CpG sites of the MILH7
promoter from blood DNA (Figure 1B). This individual
was a 00-year-old female with no family history of GC.
For the remaining samples, partial methylation was evi-
dent at the 9th and 10th CpG sites (-269 and -262 bp
from the translation initiation site, respectively), but no
other CpGs in this region were found to be methylated.
The peripheral blood leukocyte DNA of 30 age-matched
normal controls was examined for MILH7 methylation in
comparison with the GC patients. None of the control
samples showed detectable MILH7 promoter methyla-
tion by bisulfite DNA sequencing apart from the 9th and
10th CpG sites which seemed to have methylated alleles
more than 50% for all the patients. However, because this
alteration was also found in unmethylated controls and
in healthy blood donor samples, it is far less likely to be
linked to GC (Figure 1B).

To determine the extent of MILH7 allele methylation
in patient G40, clonal bisulfite allelic sequencing of the
MI_HT7 promoter in peripheral blood from this individual
was performed. Upon analysis of the peripheral blood
DNA from patient G46, one of ten clones had a cytosine
present through the 6th to 20th CpG sites (Figure 2). All
other non-CpG cytosines were converted, indicating that
this corresponded to a methylated allele. For one other
clone, only one CpG (the 12th) was found to be methyl-
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ated and this may have been due to an incomplete con-
version. Four of these ten clones had a cytosine present
at the 9th and 10th CpGs, confirming the methylation
pattern evidenced by bisulfite DNA sequencing. This
result supported the possibility that mosaic germline
MILHT methylation could be occurring in this patient.
Indeed, 10% of the MI.H7 allele was methylated in this
individual, equating to 20% of the cells found with one
methylated MILH7 allele in the peripheral blood. Unfor-
tunately, tumor material was not available from patient
G46 to evaluate the methylation profile of the MLH7
gene in the GC cancer cells.

Methylation analysis of the CDH1 promoter in GC
patients

None of the GC cases under study showed detectable
CDHT1 promoter methylation in their peripheral blood
leukocytes by MSP assay (Figure 3B). Direct sequencing
of the CDHT promoter region from -185 to +178 bp
relative to the transcription initiation site confirmed this
result (Figure 4). Several C bases (including the 4th and
9th CpG sites, and at positions -120 and -65 bp relative to
the transcription initiation site) were evident (more than
50%) in all patients. However, because this variation was
also found in the healthy blood donor samples, it is un-
likely to be linked to GC (Figure 5). This result also sug-
gested that the incidence of germline hypermethylation
of the CDHT promoter is low in Chinese GC patients.

Methylation analysis of the P16 promoter

None of the GC cases under study showed detectable
P76 promoter methylation of the DNA from their pe-
ripheral blood leukocytes by MSP assay (Figure 6B).
Direct sequencing of the P76 promoter region from
-159 to +233 bp relative to the translation initiation site
confirmed that all of the 35 CpG dinucleotides present
in the fragment were unmethylated (Figure 7). This result
suggested that germline hypermethylation of the P76
promoter is also rare in Chinese GC patients.

DISCUSSION

In our current study, we demonstrated that a mosaic MILLH7
promoter methylation pattern existed in the peripheral
blood of a Chinese GC patient. Deng ef al” previously
divided the MI.HT promoter area into four regions, A—D,
and proposed that methylation in region C plays an impor-
tant role in silencing hMLH1 expression. In our current
experiments, we carried out methylation analysis on region
C of the MILH7 promoter. We excluded the 9th and 10th
CpG sites of the MILH7 promoter region as they were
found to be methylated in the control samples (Figure 1B).
Our analyses also showed that rather than an allelic meth-
ylation pattern as has previously been reported for MI.H7
in CRC patients, a mosaic level of MI.H7 methylation was
found from the 6th to 20th CpG sites in this promoter
region in the germline genomic DNA of GC patient G46
in our study cohort. Clonal sequencing further revealed a
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A
-427
gcaaggggagaggaggagcctgagaagCGccaagcacc ctcCGctctgCR@G
1 2 3
ccagatcacctcagcagaggcacacaagccCGgttcCG atctctgctcctattg
4 5
gctggatatttCGtattcccCGagctcctaaaaacCGaa aat aggaagagcCGg
6 7 8 9
acagCGatctctaaCGCGcaagC CGcatatcct tctagg gCGggcagtagc
10 11 12 13 14
CGcttcagggagggaCGaagagacccagcaaceccacag ttgagaaatttgact
15 16
ggcattcaagctgtccaatcaatagctgcCGctgaagg ggggctggatgg CGta
17 18
agctacagctgaaggaagaaCGtgagcaCGaggcactg gtgat tggctgaagg
19 20 -53
cacttccgttgagcatctagacgtttccttggectcttec gcgccaaaATGt cgttcgtgg
B 9 10 11 12 13
f\
|‘ il n
~ / & “
ca6 . ‘|
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Methylated DNA control
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Figure 1 Germline MLH1 promoter hypermethylation analysis in a gastric cancer patient cohort. A: Map of the CpG island structure in the MLH1 promoter. The
sequence is numbered relative to the translation start site for human MLH1 (bolded “ATG” ). Characters in blue indicate the primer binding sites for bisulfite sequenc-
ing. Individual CpG sites in the sequence are numbered consecutively; B: Bisulfite sequencing of MLH1 promoter sequences. G46, DNA isolated from the blood of
case G46 showing a mixture of C and T at the 6th to 20th CpG sites attributable to partial modification of the DNA due to partial methylation; Methylated DNA control,
CpGenome Universal Methylated DNA in which MLH1 is completely methylated showing a high C content at all CpGs attributable to reduced modification because of
complete methylation of the DNA; Unmethylated DNA control, CpGenome Universal Unmethylated DNA showing T bases at all CpGs except the 9th and 10th CpG
sites due to almost complete modification of the DNA. The 9th and 10th CpG sites show a high number of Cs in G46, but also in the unmethylated control, suggesting
that these sites are uninformative in relation to gastric cancer.
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Figure 2 Clonal bisulfite allelic sequencing of the MLH1 promoter in the peripheral blood from gastric cancer patient G46. A: Each horizontal line of circles
represents an isolated allele. The numbering scheme is derived from the map shown in Figure 1A. White circles represent non-methylated CpG sites, and black
circles indicate a methylated CpG. This subject displayed 10% methylated alleles at the 6th to 20th CpG sites, suggestive of mosaic allele-specific germline epimuta-
tion. Green, -93A; Red, -93G; B: Upper figure, sequencing of clone 5 from case G46 showing methylation at the 6th to 20th CpG sites. Lower figure, sequencing of
(46 clone 7 revealing unmethylated CpGs except for the 9th and 10th CpG sites. The numbers above the sequences are derived from the map shown in Figure 1A,
indicating the location of the CpG sites.

A -185
tagcaact caggctagagggtcacCGCGt ctatgCGaggcCGggtgggCGgg
1 2 3 4 5
cCGtcagc cCGccctggggaggggt cCGCGctgectgattggctgtggecCGgca
6 7 8 9 10
ggtgaacc tcagccaatcagCGgtacCGgggggCGgtgcctcCGgggctcacctg
11 12 13 14
gctgcagec aCGcaccccctctcagtggCGt CGgaactgcaaagcacctgt agcttg
15 16 17
CGgaagtc gttcagactccagccCGctccagccCGgccCGaccCGacCGcac
18 19 20 21 22 23
CCGgCGcc gccctcCGct€CGgCGtcccCGgccagccATGggcccttggagec
24 25 26 27 28 29
CGcagcctctCGgCGctgctgctgctgctgcaggtaccccggatcccctgacttgcgag
30 31 32 +178
B J10 J17 J18 + - Marker

250 bp
100 bp

Figure 3 Germline CDH1 promoter hypermethylation analysis in GC patients. A: Map of the CDH1 promoter region and primer positions. The sequence is
numbered relative to the transcription start site for human CDH1. Characters in red indicate the primer binding sites for methylation-specific PCR (MSP), those in blue
for bisulfite sequencing. Individual CpG sites in the sequence are numbered consecutively; B: MSP of the CDH1 promoter from the peripheral blood of GC patients.
Marker, DL2000 DNA Markers (TaKaRa); +, CpGenome Universal Methylated DNA control; -, CpGenome Universal Unmethylated DNA control; M, methylated band; U,
unmethylated band. As a control, the fragments corresponding to the CDH1 promoter of fully methylated DNA showed a clear band when amplified with methylated-

specific primers and did not display a band when treated with unmethylated primers. The unmethylated DNA control showed the reverse pattern.
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| PASNIN A ~ AL A
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Figure 4 Bisulfite sequencing of CDH1 promoter sequences from gastric cancer patients. A: DNA isolated from the blood of a gastric cancer patient showing T
bases at the CpG sites around the transcription start site due to complete modification of the DNA; B: CpGenome Universal Methylated DNA control in which CDH1
is completely methylated showing a high level of C at all CpGs due to reduced bisulfite modification; C: CpGenome Universal Unmethylated DNA control showing T
bases at the CpG sites around the transcription start site attributable to complete bisulfite modification of the DNA.

A 4 -120 9 -65

50 60 70 80 a0 io0o0 110 iz0
CGGEGETGGGTGEGEGTTGTTAGT TTTGTTTTGGEGGG AGGGGT TTGCGTTGTTG ATTGEGTTGTGGETTGGTAGGTG AATTTTTAGTT

An../\/\n LA TR AT PN /\ A A.ﬁ\mﬂ ALLREA s ol el M IMatln Al

50 1] 70 80 90 100 110 120
TCGGGTGGGTGGGTTGTTAGTT TTGC TTTGGGGE A GGGGTITGCGTTGT TGATTGGTTGTGGTTGGTAGGTGAATTTTTAGEC

) ‘
o P Y na lhalill ﬂh L P R PR R PR YT ARRULET IR R

Figure 5 Bisulfite sequencing of the CDH1 promoter sequences from gastric cancer patients showing uninformative CpG sites. A: DNA isolated from the
blood of a gastric cancer (GC) patient; B: DNA isolated from the blood of a normal control. The 4th and 9th CpG sites showed a high C content in all patients, but also
in each of the normal controls, suggesting that these sites are not associated with GC.
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A -159

cacggcgtccccttgcctggaaagataccgcggtccctccagaggatttgagggacagg

gtCGgagggggctcttcCGeccagcacCGgaggaagaaagaggaggggctggctg
1 2 3
gtcaccagagggtggggCGgacCGCGtgCGctCGgCGgctgCGgagagg
4 5 6 7 8 9 10
gggagagcaggcagCGggCGgCGgggagcagcATGgagcCGgCGgCG
11 12 13 14 15 16
gggagcagcatggagccttCGgctgactggctggccaCGgecCGCGgccCG
17 18 19 20 21
gggt CGggtagaggaggt gCGggCGctgctggaggCGggggCGectgcccaaclCgG
22 23 24 25 26 27
cacCGaatagttaCGgtCGgaggcCGatccaggtgggtagagggtctgcagCG
28 29 30 31 32
ggagcaggggatggCGggCGactctggaggaCGaagtttgcaggggaattggaatc
33 34 35
aggtagcgcttcgattctccggaaaaaggggaggcttcctggggagttttcagaaggggtt
+233

B LJ81 L189 Tc5 + - Marker
M u M u M u M u M u

200 bp
150 bp
100 bp

50 bp

Figure 6 Analysis of the methylation pattern of the P16 gene in blood cells from gastric cancer patients. A: Map of the P16 promoter region and positions of
the primers used in the analysis. The sequence is numbered relative to the translation start site for human P16. Characters in red indicate the primer binding sites for
MSP and those in blue for bisulfite sequencing. Individual CpG sites are numbered consecutively; B: MSP of the P16 promoter in peripheral blood from patients with
gastric cancer. Marker, DL500 DNA Marker (TaKaRa); +, fully methylated DNA control; -, fully unmethylated DNA control; M, methylated band; U, unmethylated band.
As a control, the fragments corresponding to the P16 promoter of fully methylated DNA showed a clear band when amplified with methylated-specific primers and did
not display a band when treated with unmethylated primers. The fully unmethylated DNA control showed the reverse pattern.

A 4 5 6 7 8 9 10 11 12 13
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G GGTGGSA2TTGTGTGTGTTTGGTI®GGTTGTG G ATGAEGEGGGGATGETGTAGGTHATGTGSGGTG G TG

A MllH |

70 B0 80 100 110 120
B G 6 GC &6 G 2T C GCGTGC GTTCOCG GCG GTTOGC G G AG 266G G666 426 4&2G6T2&2G GT2:A2GC G G G6C G 6C G
J‘u‘l‘ -“‘A‘I“A A “‘ ! ‘ .‘ — L “ b A.‘_‘“““«‘
700 110 170 JEL] 10 150
G 6 6TGGATTGTGETGETGT TTGGTG GTTGTGGAGA G GGG GG GAG AGTAGGTAGTGGGTEGTEC

A

Figure 7 Bisulfite sequencing of P16 promoter sequences. A: DNA isolated from the blood of a GC patient showing a T at all CpG sites of the P16 gene promoter
region due to complete modification of the DNA; B: CpGenome Universal Methylated DNA control in which a high C content can be found at all CpGs in the P16 gene;
C: CpGenome Universal Unmethylated DNA control showing a T at all CpG sites in the P16 gene promoter.
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10% methylation level at each of these CpG sites. Taken
together, our data suggest that a mosaic germline MILH7
epimutation might be present in some patients who de-
velop gastric cancer. This mosaic methylation of MILH7
might not be due to disseminated GC cells in the blood
because these do not occur at sufficiently high levels to
be detected by our assay. In patient G46, aberrant DNA
methylation may have occurred after fertilization, when
the maternal CpG methylation pattern is established™. Tt
is also possible that CpG methylation is not always faith-
fully replicated during early embryogenesis, and the de-
gree of mosaicism might be influenced by the genetic or
epigenetic background. Our results raise the further pos-
sibility that silencing of MILH7 by promoter methylation
could occur as a germline or an early somatic event that
generates a predisposition to GC.

We did not detect germline CDH7 or P16 promoter
CpG methylation in any of the 140 GC patients investi-
gated (Figures 3-7), suggesting that germline hypermeth-
ylation in the CDHT or P76 promoter is not a common
mechanism of CDHT or P16 inactivation leading to GC.
A detailed inspection of the bisulfate transformed se-
quence corresponding to the promoter region of CDHT
revealed two methylated CpGs (the 4th and 9th), and also
two methylated Cs at positions -120 and -65 bp relative to
the transcription start site of the CDHT gene. However,
given that this methylation was found in all of the pa-
tients and normal controls, it is unlikely to be associated
with GC.

In summary, we report here that germline mosaic hyper-
methylation of the CpG islands in the MLLH7 promoter
region may be the underlying cause of some gastric cancers,
while germline hypermethylation of CDH7 or P76 gene is
not a common mechanism responsible for GC in familial
patients.

COMMENTS

Background
Gastric cancer is considered to be one of the leading cancers in East Asia but
the underlying genetic abnormalities that lead to more than 70% of these cases
remain unknown.

Research frontiers

Epigenetic methylation-associated inactivation of genes is not limited to tumor
cells. Monoallelic promoter hypermethylation of the MLH1 gene in the periph-
eral blood of patients with early-onset colorectal cancer has recently been re-
ported in the literature. However, it is uncertain whether germline epimutations
are responsible for gastric cancer onset in hereditary cases.

Innovations and breakthroughs

In this report, we provide a comprehensive description of germline epimutations
of the tumor suppressor genes MLH1, CDH1 and P16™“ in Chinese gastric
cancer cases. We report the rare occurrence of germline mosaic hypermeth-
ylation of the CpG islands in the MLH1 promoter region in gastric cancer. We
also demonstrate that germline epimutation of the CDH1 or P16™“ gene is not
a frequent occurrence in this disease.

Applications

The finding of human MLH1 gene germline epimutations is of some significance
as it not only reveals a possible new mechanism in the tumorigenesis of gastric
cancers, but also indicates that germline epimutations may be associated with
a wide range of human diseases. On the other hand, germline epimutations
show both mosaic and non-Mendelian characteristics, which may explain the

(49

Boishidengs  WIG | www.wjgnet.com

77

phenotypic variability and changes in the genetic penetrance of some complex
diseases, and thereby provide new avenues for studying the etiology of such
disorders.

Terminology

Germline epimutations not only arise in tumor cells but in nontumor cells of a
germline origin.

Peer review

The manuscript is well written and the methods are adequate. The results jus-
tify the conclusions drawn.
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