CHAPTER Il

REVIEW OF RELATED LITERATURES

D m lation in mmals

Epigenetic modifications of the DNA do not alter the sequence code; however,

they are heritable and involved in r ene transcription . DNA methylation, the

/ cytosine, is one such epigenetic
mals, tl@rget for DNA methylation is a

found in CpG —dinucleotide. AU i ‘Cytosine located next to a guanine(S'-

addition of a methyl group

modification found in D

CpG-3') 2. These targets offmathyl: st equally-distributed in the genome, but
found in long CG-ric : repeat sequences, middle
repetitive rDNA seq : mefic, ‘ nces and CpG islands. CpG

islands are sequences I

folind mainly in the 5" -regions of house-
keeping genes as well as somg_qmsp ificallytissue expressed genes and usually

extend from the prometer regi > first exon and semetimes into intron 1 *. Most

. cre are certain conditions
-, become methylated and form Lg't of gene regulatlon . The
majority of Cp :EI i %fw cell are methylated °,

and certain Cﬁu ﬂeﬁﬂ Wﬂ@j ﬁ% d genes have been
found to be methylated in an aIIeIe-!’pecufnc mannem. . Furthermorefiit has been found

rat sonp 8 bbb b b ks ar sy

unmethylated other GC-rich sequences, e.g. the centromeric repeat sequences and

where these sequenc ;

satellite sequences, are highly methylated in normal cells.



1.1 Mechanisms of DNA methylation

DNA methylation is mediated by a family of DNA methyltransferase(Mtases) that
includes Dnmt1, Dnmt3a, and Dnmt3b. Dnmt1 is a maintenance Mtase that primarily
replicates methylation patterns, while Dnmt3a and Dnmt3b are capable of methylating
previously unmethylated DNA, referr: (1 de novo methylation ° DNA methylation
patterns are established during §1

r nd serve to suppress genes
unnecessary for the functlommatge cé4‘nvolves de novo methylation of

T&T@\h::ture cells is less clear, but
itaining  methylation of pericentromeric

DNA, and requires Dnm
Dnmt3b appears to
heterochromatin '". Fol

the maintenance D
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Figure 2-1. Cytosine methylation. The DNA methyltransferases catalyze the transfer of
the methyl group from S-adenosylmethione to cytosine, producing 5-methylcytosine and

S-adenosylhomocysteine.



1.2 DNA demethylation

Demethylation of DNA also occurs, and involves at least two mechanisms.
Passive demethylation occurs when Dnmt1 is unable to methylate newly synthesized
DNA during replication. This is the mechanism by which 5-azacytidine (5-azaC), an
irreversible DNA Mtase inhibitor, hypomethylates DNA, and certain DNA binding factors

S phase * The second mechanism may

v ing this activity is 5-methylcytosine
demethylating function. Both

ins an RNA helicase and GT

may also block cytosine methylationvd"

involve DNA demethylases. One pro
=

DNA glycosylase (5-MCD
enzyme and RNA exist in
mismatch DNA glycos ity -. , Icytosine binding proteins,

MBD4, has also been SR ylase with similar 5-MCDG activity "

The methylation of Cdf“éféﬁﬁeh@ affect nearby gene expression.
Hypomethylation of regulatory séﬁégﬁb_ésidmﬂglates with gene expression, while
= .

methylation results indranscriptional suppression. In contiast, methylation of coding

sequences generally S 0 sioR- . Methylation suppresses

|
transcription by at least three mechanisms. Methylatio’?\J of recognition sequences

prevents the bindi ‘& ipti q"f, . P2 " A family of
methylcytosine@nmﬂﬂmaﬁmﬁ ﬁm'ﬂ»ﬁ inhibit binding of
transcription factors to promot EﬂF'g -2, | eﬁt' ly,. all miwases can
also suérﬁ ﬁﬁﬁr&:ﬁ th:ﬁil tﬂ tE]r"iu lation activity b
Finally, soqme methylcytosine binding proteins such as MeCP2 and MBD2 can promote
chromatin condensation into an inactive configuration through interactions with
chromatin inactivation complexes containing histone deacetylases ® This can affect

gene expression at a distance from the methylated region, and is described in detail

later.
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methylation and C!:uomatin structure is currently
under active inv tigatiorf The binding of soé deoxy methylcytosine binding proteins
to methylated @Tqusal; grn&fr%]ejswnﬂ;l fj_)-i)ressors and histone
deacetylases, Iqejading to a changé in the chsematin structuees from an open,

vanscrpbogbly BaNE\bir| 10 & b bdied b ok Blefebssive 1

transcript?on machinery. This is illustrated in Fig. 2-3. Perhaps the best-characterized

MBD1 are chromosome bound,pfﬁ@,‘-wl :
) il

1.4 DNA methylationand chromatin structu

The relationshia)etween D

methylcytosine binding protein mediating this effect is MeCP2. MeCP2 contains a deoxy
methylcytosine binding region as well as a transcriptional repression domain.MeCP2
associates with the Sin3A histone deacetylase complex, consisting of at least seven
proteins including the transcriptional repressor Sin3A and histone deacetylases HDAC1

and HDAC?2. These enzymes remove acetyl groups from histones, which in turn leads to



a transcriptionally inactive chromatin structure '°. Recent evidence suggests that
changes in histone acetylation are important in the aging process, and that promoting
histone deacetylation in some organisms increases longevity % Since DNA methylation
and histone acetylation are intimately linked,both are likely to play a role in aging . The
relationship of DNA methylation to other histone modifications like methylation,
phosphorylation, ubiquitination and others, referred to as the histone code 21. is less

clear at present, but this area is developing ‘rq‘pidly.
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Figure 2-3. Chromatin inactivation by DNA methylation and histone deacetylation. The
methylation of DNA seqUénces permits binding of the chrorﬁétin inactivation complex,

which deacetylgtes histahés'and proinotes chromatin iGanderis ation.

1.5 Impartant.of DNA methylation in normal cells
The Iimportance of DNAImethylation in the fufiction of-normal telis'is evidenced
by its role in differentiation of development, X chromosome inactivation, genomic

imprinting, maintenance of chromatin structure, and suppression of “parasitic” DNA -



1.5.1 X-chromosome inactivation

X-chromosome inactivation is a process that occurs in all mammals, resulting in
selective inactivation of alleles on one of the two X-chromosome in females. It provides a
mechanism of dosage compensation, which overcomes sex differences in the expected
ratio of autosomal gene dosage to X-chromosome gene dosage (which is 2:1 in male
but 1:1 in females). Males with a single X-chromosome are constitutionally hemizygous

for X-chromosome genes, but femal functlonally hemizygous by inactivating
one of the parental X-chromo

&‘ gene on the X-chromosome are

subject to inactivation; gen caes - n include ones where there is a

e —
‘\ga!-mhere gene dosage dose not

tion appears to be initially

function homolog on the

seem to be important.
controlled by a single. in development (blastula

stage). Xist gene in hu

suppressed X-chromosome in fe

Q

linked genes ®

1.5.2 Silencing of paras‘& [ Jenc E‘
Transposable elengm_,ents are DNA sequences that capable of moving from one

site to anotherﬁ;ﬁ%‘l @;;W ﬁrﬂ)ﬁw%ﬁ@]pﬁ;ﬁ in numerous copies

throughout the higman genome. These elements resemble viral DNA and are commonly

referre ﬁp‘T ﬂ ﬁ)fa"? ?Iw ar?)wﬂ uﬁd prevent DNA
damage 0 unconstrained transposition ~ or that transcription of a large excess of

irrelevant promoters would constitute an unacceptable level of transcription noise that
would interfere with gene expression programs % Increased transcription of elements in
human and mouse cells has not so far been found to lead to increased transposition.
elements that are incapable of transposition, must be silenced to suppress transcription

noise. DNA methylation deficiency is the activation of transposable element derived
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promoters. Like much of the mammalian genome, transposable element related

sequences are heavily methylated and transcriptionally silent in somatic cells.

1.5.3 DNA methylation and development
Dramatic changes in overall methylation of DNA occur at different periods of
embryogenesis, development, and differentiation to adult cells %°. The genome of the

primodial germ cells of the embryo ethylated to any extend. After glonadal

X

differentiation and as the ger ce ‘g/?&elop, de novo methylation occurs

leading to substantial met"’& A-oi-mamm mallan sperm and egg cells in
| —

Fig.2-4.The sperm gen

than the egg genome. The

genome of the fertilize the sperm and egg genome and so it
gy

and the very early e methylation differences at

paternal and maternal 0 e morula and early blastula

demethylation initially e tterns in the first days of

establish adult patterns of gene T’ﬁ@a‘n erentiated cells, methylation patterns
Rore | l’,ﬂ'ril;r"l’l > : “r-

change relatively Ilttle:*ﬁnd are perpetuated aff

Evidence that DNA meth Ié"iio' . pme@comes from the observation

that disrupting both DNMngleles in embry&}c stem cells results in embryonic death

- onmisa gt b PR SebHAI T YB3 B Gooment; nomazygous

Dnmt3a defnueﬁéy causes running ‘and death at 4 weeks of %gf while Dnmt3b
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. " " » A - —— 29
in the brain, liver, small intgSting-mucosa, spleen “. In contrast, rat lung
* 2

genome DNA does not demetfy[aTﬂ& as nd total d"C content in rat kidneys
8.2 o NGSaad

increases . Howev. ,c,:lhese studies, relying on tech éé suring total d"C content,

—

did not define whet transcriptionally irrelevant

)j;e methylatlon cl
e changes occurred in the vncib‘ty of genes with effects on

gene expression.. Thu Ej ﬁ ance of th %ﬂﬁij ete ml ed by this approach is
uncertain. Cha@I ri LE ou s coding regions. For
example, repetitive DNA sequences iff brains from aged rats containigfeater amounts of

ran &0 aBbich{kaleheadbl il dod] ks Bl et

sensitive enzymatlc dlgestlon Demethylatlon of repetmve DNA sequences also occurs

sequences, or whethe

in other tissues including the liver, thymus and heart 2. This may promote chromosomal
translocations with aging *. Mobile DNA elements known as retrotransposons are
normally repressed by DNAmethylation. These sequences can demethylate with age,
correlating with activation * Similarly, sequences encoding endogenous retroviruses,

also normally repressed by extensive methylation, have been reported to demethylate
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with age, and this process may be responsible for the increase in expression of these
parasites that occurs with aging 35.Again, cause and effect in most instances need to be

established.

1.7 DNA methylation in cancer
Tumorigenesis is known to be a multistep process in which defects in various

cancer genes accumulate . Vlnually\‘\r

complexity of altered gene fun

tumor type has revealed an enormous

tion of growth-promoting genes as

well as silencing of genes With tumic mr grgvth-@g functions, all contributing to

- m erg m‘w cancer gene functions can
‘éll pthH\!u:cludmg self-sufficiency in

uncontrolled growth. Ha
be classified into six e
growth signals, insensiii ignals, ion of apoptosis, limitless

replicative potential, su

contributing to the malignant phen@e LCE rxg_o of these epigenetic changes on a
= - r,.ﬂ‘;:';-"-:rk .

genome-wide scale |slrfferred to as emgéﬁomucs ; ‘ :'{H‘

(€n/used to describe relative

-

states, best understooa in relativ ed, “r@mal“ setting or degree of

methylation (i.e. the Ievel.pfénethylation thatdg,seen in nonmalignant, nonaging cells).

rypamataicPh b Bk e} YA B P SR an cnct tss o

more methylatiorgqhan in some standgrd DNA. Whe“g’.I applied to can&&r epigenetic, that
standa@sﬁrﬁlﬁa@.ﬂ@vﬁwﬁd %@@eﬁlﬁiﬁﬁeﬂ the amounts
and distribution of DNA methylation among different vertebrate tissues because DNA
methylation is not only species specific but also tissue-specifc ¥

The discovery of extensive cancer associated DNA hypomethylation in the human
genome . preceded that of cancer-linked DNA hypermethylation. DNA hypomethylation
in cancer often affects more of the genome than does hypermethylation so that net

losses of genomic 5-methylcytosine are seen in many human cancers (fig.2-5).The role
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in carcinogenesis of cancer linked hypermethylation of transcription control regions is
clear because of the consequent transcriptional silencing of genes important for
prevention of cancer (tumour suppressor gene) The biological significance of DNA

hypomethylation in cancer is less understood.

Frequent Target DNA‘ nuences for Cancer-

Associated Hyperme‘\"

varivas geses,
including
textesspecilic
genes

1.8 Global genomic h ethylatlon
The malignant cgl can have o less genonﬂ 5-methylcytosine than its
normal counterpart. The |dss=0f methyl %upﬁ.ls accomgjlshed from various sources,

ot many o Wb 1 bho) (3080 e 1 o) o one,

demonstrated, for example, in the caserof gramma-glebin, H-Ras andg=myc genes; and
o B ) B0 A DY K B o o
human g ome. Hypomethylation potentially promotes cancer via four mechanism:
chromosome instability , reactivation of transposon element, activation of protooncogene
and loss of imprinting. Undermethylation of DNA might favor mitotic recombination
leading to loss of heterlozygosity, as well as promoting karyotypically detectable
rearrangements. Additionally, extensive demethylation in centromeric sequences is

common in human tumors and may play a role in aneuploidy. Supporting this postulate,
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it has been shown that murine embryonic stem cell nullizygous for the DNMT1gene
exhibit significantly elevated rates of genetic deletions *and that patients with germline
mutations in the order DNMT3b have numerous chromosome aberrations *°
Hypomethylation of the malignant cell DNA can also reactivate intragenomic parasitic
DNA: loss of methylaton has been observed in LINE-1 (long interspersed nuclear

elements, LINES) and Alu repeats in cancer cells “

1.8.1 Hypomethylation of highlyt%\g

Hypomethylation has-h'.o
| —

cancers (Figure 4). The

d DNAsequences
ﬁﬁen in DNA repeats in diverse
e —
e silencing, which has been
seen in mammals as y related to the finding that
mammalian DNA repe tnatal somatic tissues. The

repeats that display _ yiqion include endogenous

with an inherited epigenetically cb’ntx:cﬂed eu.}f“ pe whose expression is regulated by
~.a'“‘"‘f Lol =
a genetically linked ﬁ.sletrotransposon (IAP)®." Also, the e;is evidence for frequent

2]
VALY e

elements in the genome has become increasingly appreciated in recent years. It has

been estimated that at least one third of the mammalian genome consists of these
elements in various forms . In a broad sense they are collectively referred to as
transposable elements, which encompass both transposons and retrotransposons .

Transposons have inverted terminal repeats, encode a transposase activity, and move

15



from one site to another through a "cut and paste" mechanism *. Retrotransposons,
which move by a "copy and paste" mechanism, proceed through an RNA intermediate
largely dependent on their encoded reverse transcriptase activity. However, they may
utilize the host's reverse transcriptase “_In this manner a copy of the original can be
integrated into a new genomic location. Therefore, stability of the genome depends

upon keeping these movable and amplifiable elements transcriptionally repressed. DNA

methylation plays a key role in th 7 J\/
keeping transposable elements ins . Altering the methylation status

of repetitive elements m&a grgem leading to toxicity, and a

consideration of this is t

n of gene expression overall, including

2.2 Retrotransposable N

"
T
a‘...‘s either autonomous or

Retrotransposa
nonautonomous element moL o the property of self-sufficiency
for mobility. There are two “of autonomot ts: long terminal repeat (LTR)
and non-LTR retrotransposo -

functional env gene, LTR r'é"trotcans. 1
b ,f Yt

Iﬁewnse non-lj'R retrMs !‘:also encode a reverse

retrotransposition.

transcriptase and e
and other non-autonon]ng ele rencgjbetween the LTR and non-
LTR retrotransposons is tgeié.method of reco&pination. LTR retrotransposons move by

first being tranﬁ%iﬁr@\ ‘I&T Eio‘ﬂ @ w tH r}ﬂ ‘gaading to a DNA copy

that recombinestwith genomic DNé Non-LTR retrotransposons move through a

e AN R SR G o o

the non-LTR retrotransposons are commonly referred to as long interspersed nuclear

elements (LINEs). LINE-1 repeats constitute about 15% of the human genome, but of the
about 4x10° copies of LINE-1 elements in the human genome, only about 30-60 are
estimated to be competent for transposition Structurally, they contain an internal
promoter for RNA polymerase Il, a 5' untranslated region (UTR), two open reading

frames (ORFs), and a 3' terminal polyadenylation site *. The ORF1 protein is an RNA
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binding protein *'. while ORF2 encodes both a reverse transcriptase and a DNA

endonuclease (Fig 2-6.)52.

Figure 2-6. Non-LTR elemﬂs‘f—” an inte Wr RNA polymerase II, a 5'
‘ ad |

\NA)-rich tract.

2.3 Genomic Conseque _ '_ sperse r Element-1 (LINE-1)

to retrotransposon expression
L

_"-r .-l“"“"i : J"‘.‘h r
capability to transdu?iel surroundlng DN‘A sequences.

genomic dlversmcatlc;ﬁ GXO 0

Uls the possible contribution
to mutagenicity. On a Ia}er scale, and theirL.yansduced sequences can
result in chromosomal rearaegements = Mec&;flly, muscular dystrophy, characterized

by a progressivﬂsu HS{:} %rﬁt}w%ﬁaﬁ rEi @eﬂs%miated with a LINE-1

insertion within e%n 48 of the dystro?hin gene % ‘J hese findingsqupported recent
e QARG o e
associated| with the aberrant regulation of these elements. Additionally, altered
regulation of gene expression by insertion of LINE-1 elements as a direct mutation has
been documented numerous times. cited twenty-one examples of sequence element
inclusion from Drosophila, sea urchin, human, and mouse genomes that serve a function
in terms of transcriptional competency. Counterpart to insertions are deletions and

duplications, which can arise from unequal crossing-over and mispairing of homologous
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LINE-1 sequences . As much as a 3% frequency of DNA deletions due to LINE-1
retrotransposition has been proposed *. Gilbert et al. (2002) observed a large deletion
of the genomic DNA following the retrotranspositional event. A common mechanism
preceding this deletion, among other alterations, was shown to involve cleavage of the
genomic top strand. Variations of this model also suggest that chimaeric LINE-1s, large
deletions, and long duplications are also possible o Clinically, inactivating mutations

arising from LINE-1-mediated recombi n lead to the accumulation of mutations

in specific target genes durin

LINE-1 elements are capabw\nsba
—

2.4 Relationship of DN/

LINE-1 sequenges i

®. This highlights the fact that

ping the@mugh direct mutation.

\&fninogenesis

ﬁé{@ ized structurally as having a
promoter region which Wpen reading frames, ORF1

A binding protein, a reverse

movement and expression can fead to able conditions within the genome.
..-.t"'.-"‘"": A A "? =

Therefore, an |mporta‘ﬁ aspect of SWA n(ethyl_ﬂ“o ection to the host-defense

system, which actst S ats f paraS|t|c sequences by
maintaining them in a r@thﬂa rans o ‘. Genome instability is a
common feature of tumorigenesis * There shave been occasional reports of cancer-

associated retﬂ ‘H:%Jio n%'@% ?W@Lﬂlzﬂ s%quences ® and they

may mobilize callular RNAs at low Jrequencnes Their actlvatlovan also lead to
ARG R A A B st
of endogénous elements is implicated in disease much less frequently for humans than
for mice *. Extensive hypomethylation results in genome instability reflected by an
increase in mutation frequency e Hypomethylation-induced transcriptional activation of
LINEs contributes to this instability = Furthermore, hypomethylation of LINE-1
sequences has been observed in various cancers. LINE-1 hypomethylation was

§ : % . 66 3
observed in chronic lymphocytic leukemia vs normal mononuclear blood cells ", urinary
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bladder carcinomas compared to normal bladder 67, hepatocellular carcinomas vs non-
tumorous "normal' or cirrhotic tissue 65, and prostate carcinomas vs normal prostate and
other normal tissues *. In a chemically induced mouse hepatoma, LINE-1
hypomethylation was also seen °°. That study involved methylation-sensitive
representational difference analysis (MS-RDA) to survey Hpall-sensitive fragments in the
tumor vs normal liver, with conformation of the results by Southern blotting *  LINE-1

hypomethylation was the only alterati

| repeatedly in the MS-RDA banding

patterns from different tum

sequences, was obsewe@
murine and human tums('

sequences increased t

including of single-copy DNA
uen__‘/ th@ethylation. In these studies of

m hypomethylation of LINE-1
n units in cancer, but it has
been hypothesized i met i sometimes lead to the
retrotransposition of the sition-competent copies of

LINE-1 *. This led to t i ﬂ ' ion of LINE-1 sequences may

3. Background of the experiment E@ ac
g‘ -!""ﬂ' ;-"
This study haﬁdestgned a new me ﬂ g‘study LINE-1 methylation
from paraffin embedd ~d tissues, 1 , normal" white blood cell arfd serum (view in 3.2). Thus

all tumor tissue types ca his F@? uses principle of COBRA

(combined bisulfite restricﬁo&enalysis) methoq_:,0 . Previously, reports of LINE-1 genomic

o mfl ik b YR B« oo s

amplicons by meNyIatlon sensitive enzyme (MS- PCR

P RN TR EUS%:W?"SP@ NYINY
® Southérn blot analysis required a large amount of DNA.

® Southern blot analysis required a high quality of DNA.

® Mix type of tissue from fresh specimen.

® Incompatible with DNA isolated from paraffin sections.

® Methylation-sensitive restriction enzyme digestion followed by PCR is prone to false-

positive results since even low levels of spurious incomplete digestion can result in a
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PCR product. This problem is exacerbated in samples derived from paraffin

sections.

Advantages COBRA method
® compatibility with paraffin sections.

® quantitative accuracy.

applicability to large numbers f/
COBRA circumvents i |nc G&ctlon digestion of a purified PCR
product, rather than WI géﬂOml

3.1 COBRA LINE-1
Methylation-d

ntroduced into the genomic
DNA by the standar hen PCR amplified . This

combination of bisulfite results in the conversion of

cytosine. This sequence co i ' e methylation-dependent creation of
i
new restriction enzyme sites or |t,cgf,§;ad— thylation-dependent retention of pre-
ot e e

existing sites such as BstUl (CGCG). The he method is depicted in
Fig 2-7.The COBRA LINE-1 PCR tech aluate CpG nucleotide at

270 and 285 of LINE 1Ban active

ocus. The seqmnce at position 267-270 will
be AAT (T/C) and 284-287 swill beij% GA. Thus Tasl! will %gest hypomethylation

secuence at 2APb &) cd o bl AN Lo il

of proportion ofq'{'agl and Tasl digested fragments, is always clogse to 100%. From

orimiat §cy|itesinp. Hddded UNE- tobndud ook el e o e

from para?ﬁn embedded tissue in which the little amount of DNA usually degrades. The

2-8. The summation

underlining reasons of this improvement should be due to the shorter of the amplicon
size and the significantly larger in number of LINE-1approximately 3-4,000 full-length

copies per cell, as the DNA template.
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COBRA - Co mbined Bisulfite Restriction Analysis

(_Bisulfite-PCR ) @ ( Quantitation )

Restriction Digestion
smc »mu 5 ry PAGE Gel
C>"C>C "+ Oligo Hybridization
rimager Quantitation
Example: J i rcle? Somple 3
= Batih - BstUl - BseUl
P | R
" . O ST S
e
CGCG TGTG r _- :‘WI&IN 0% 50% 100%
BstWU 8i Bﬂ-UL’llO - -
s L5 98 % Methytation =100 X { 5o

.- £

1_,!'.:‘]1 #

Figure 2-7. Outline of the COBRA prodeidure.-‘_bﬁ)j_BRA consists of a standard

W T iy
sodium bisulfite PCR treatment folbﬂg'_d by reStncge"rn digestion and quantitation

2737\ 2 N

S Yy
<
AACCG CCGA LINE-1 sequence
;asl unmethylated
AATTG TTGA
qul methylated
AATCG TCGA

Figure 2-8. Combined bisulfite restriction analysis (COBRA LINE-1). The technigue was
designed from DNA sequence in 5rUTR of LINE-1.2 from NCBI accession number

M80343.



3.2 Plasma nucleic acids as new tools for molecular diagnostics

Free circulating nucleic acids found in blood plasma and sera have been of
special interest to investigate over recent years in the development of noninvasive
methods for disease diagnosis and monitoring. In 1989, following the observation of
decreased strand stability in the plasma DNA of cancer patient, Stroun and coworkers
suggested that the circulating DNA from cancer patients might carry certain

characteristic of tumor DNA"". Cell-

the plasma of cancer patients shows

characteristics identical to tho including oncogene mutations,

pS, f&ial DNA mutations and viral

r DNA"has important implications for
*‘l\-‘

microsatellite alteration, epi
genomic sequences. Th
early cancer detection, ADE ant methylation of the p16
gene is common in bot 0 recent reports describe
its detection in the sera ilar results have also been
reported in prostate ca ‘ ~ ylation status of LINE-1 in

stomach cancer by using s
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