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O刚ECTIVE TO study the relationship among microsatellite instability

(MSI)，frameshift mutations(FM)of the transforming growth factor B re．

ceptor|I(TGFl3R忆methylation state Of the hMLHl promoter and hMLHl

protein expression IeveI in gastric cancers．and to explore their relation—

ship to gastric carcinOgenesis．

M盯HODS DNA was isolated from 101 gastric specimens and 5 mi．

crosate||ite IOCi were detected．PCR。eIec”0DhOresis 0n denatured poly—

acrylamide gels and silver staining were performed to detect the MSf．

The FMS of TGFpR|1 were also screened with the same method．HMLHl

methylation was analyzed by methylation specific PCR(MSP)and se—

quencing．HMLHl protein expression was detected using immunohisto—

chemistry．

R舀ULlS The incidence of MSis was 53-7％and 0％in the cancers and

nOrmaI tissues，respectively。with the frequency of MSis being significant—

ly higher in the gastric cancers compared to the normal gastric tissues

(P<O．05)．The frequency of hMLHl methylation was 41．5％(17／41)in the

gastric cancers and 0％(0／60)in the normal group．Decreased hMLHl

expression was observed in 94．1％(16／17)Of cases exhibiting methylation．
FMS of TGFpR||were identified in 5(62．5％)Of the 8 samples with MSl—
H．fn contrast，FMs were not found in MSI—L or mfcrOsateffite stable

(MSS)cases．

CONCLUSION MSis and FMS of TGFpR|I mav play an important role in

gastric carcinOgenesis．HMLH 1 methylation is an important modification

of the DNA which results jn inactivation of hMLH 1 and mismatch repair

defects which Iead to MSis and FMS of TGFpR⋯

KEYWORDS：gastric cancer,microsatellite instability,methylation specific
PC&HMLHl tmnsforming growth factor B receptor II．

G
astric carcinogenesis is based on the development of genomic in—

stability．One form of genomic instability,MSI，has been identi—

fled in many tumors．【1捌MSI comprises length mutations in tandem

oligonucleotide repeats，which are believed to be a failure of the DNA

mismatch repair(MMR)system’S ability to correct errors during the

replication of DNA．This leads to the accumulation of nucleotide mu—

tations and alterations in the length of microsatellite sequences．【2】

Gastrointestinal tumors with DNA MMR defects often display MSI

and FMs．Recent studies indicate that defects in瑚R result in fre—
quent FMs of the TGFpR II gene．【3]TGFBR II iS a candidate tUlTlOr

suppressor gene，and the interaction of TGFpR 11 with TGF suggests
its involvement in the control of proliferation suppression of tumori—

genicity inducement of cell cycle arrest at the G1 phase and cell apop—
tosis．【4J MSI and FM represent a hypermutable phenotype and corre—
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1ate with the absence ofthe～EMR gene．舰H1．【5闸In
sporadic endometrial carcinomas．10ss of hMLHl ex—

pression is frequently the result of hypermethylation of

the hMLHl gene．The bMI．Hl protein．a N口MR en—

zyme，maintains the fidelity of the genome during eel·

1ular proliferation．It acts as a’molecular matchmaker'．

recruiting other DNA．repair proteins to theⅣ附R
complex．Dysfunction of b~Ⅱ，Hl lcads to MSI and

FM．

To clarify possible mechanisms in gastric cancer de—

velopment。in this study we evaluated the level of MSI．

TGFl3RII gene FMs．the expression of the hMLH 1 and

the methylation ofthe hMLHl promoter in gastric can—

cers and normal gastric tissues．

Specimens and DNA extraction

A total of 1 0 1 gastric cancers and normal mucosas

were obtained from patients undergoing surgery in the

General Hospital，Tianjin，China．Genomic DNA was

isolated by a standard phenol—chloroform extraction

protoc01．【7】

MSP and DNA sequencing of the hMLHl gene
HMLH 1 methylation was detected by MSP as de—

scribed previously．[8】The purified MSP products were

directly cycle—sequenced using a Becman CEQ 2000

according to the manufacturer’s instructions．

Determination of MSI

MSI analysis was performed on all cases using 5 mi—
crosatellite loci recommended by the National Cancer

Institute workshoD．[9]The PCR products were elec．

trophoresed on 8％denaturing polyacrylamide gels

(PAGE)followed by silver staining．Samples produc—

ing PCR products of abnormal sizes of elec仃oDhoretic
mobility at 2 or more of the 5 loci analyzed were con—

sidered as MSI．high(MSI—H1，whereas those showing
a shift in one locus were classified as MSI—low fMSI—

L)．The remaining samples，1acking MSI events，were

designated to be microsatellite stable(MSS)．

Detection the FM of TOFBR II

A 1 49一bp region encompassing the(A)1 0 tract in the

TGFl3R II gene was amplified with primers 5’一TAG

AAC AGT TTG CCA TGA C一3’and 5’一GTT GTA

TTG CAC TCA TCA G一3’．The presence of TGFBR II

FM was investigated by PCR followed by PAGE as

described above．The presence of bandshifls or an ad—

ditional band was interoreted as a FM of TGFl3R II．

Immunohistochemistry

Immunostaining for hM[LH 1 was performed on all of

the cases using the standard streptavidin．．biotin．．peroxi-．

dase complex method as described previously．Bo]The

stains were graded：(a)negative or weak positive，no
stained cells or<30％ofthe entire population of cells

stained；(b)positi、／e，>30％ofthe entire population of

cells stained．

Statistical analysis

Statistical analysis was performed using a two—tailed X2
or Fisher’s exact test．A P<0．05 was considered to rep—

resent a statistically significant difference．

RESUUIs

MSI

A total of l0 1 samples were analyzed for MSI status

by 5 microsatellite markers， BAT26，D2S1 23，

D3S1067．D3S1577 and D17S250．In 41 gastric can-

cer samples，22(53．7％)were MSI，8(19．5％)were
MSI—H and 14(34．2％、were MSI．L．However none

were MSI in normal gastric mucosa samples．A signifi．
cant difference in frequency of MSl was observed be—

tween these 2 groups(P<O．05)．Furthermore，the fre—
quency of MSI and MSI．H in samples with hMLHl

methylation was much hi面er than that in unmethylat—
ed samples(P≮0．05，Tables 1-3，Fig．1)．

FMs ofTGFl3R II

FMs of TGFl3R 11 were identified in 5 MSI—H samples
with hMLH 1 methylation．but no mutations were de—

tected in MSI—L，MSS or normal gastric mucosa sam—
ples(Table 2，Fig．2)．

HMLHl promoter methylation analysis

Results of hMLH 1 promoter hypermethylation assays
versus MSI studies are summarized in Tables 1~3 and

Fig．3．We demonstrated that hMLHl methylation oc．

curred in 0 f0％)of 60 normal samples and 17 of 41

(4 1．5％1 gastric cancers．Sixteen of these 17 cases had

lOSS of the hMLHl protein．A11 of the 8 MSI．H cases

were consistent with hMeH 1 methylation and de—

creased expression．Nine of l 4(64．2％1 MSI．L showed

hMLH 1 methylation and none of 79 MSS patients ex—

hibited№H l promoter hyoermethylation fP<O．05
for MSI-H or MSI—L versus MSS)．
Direct sequencing of the methylated DNA PCR

products confirmed the retention of cytosines at all

CpGs within the PCR product，whereas single isolated

cytosines were all converted to thymines in the DNA
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Tablel．Incidence of MSI，hMLHl methylation and expression(frequency)
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Table 2．Incidence of TBR II mutation，hMLHl methylation and expression in 3 different groups(frequency)

8尸>0．05，MSI·L group vs．MSS group；6P<0．05，MSI·H group VS MSS group；。P<0．05，MSI-L group MS MSS group

Table 3．Incidence of TBR II mutation，and hMLHl expression in different hMLHl methylated groups(frequency)

D 3S1 067 BAT26 D2S123 D3S1577 D1 7S250

哟．1．Detection of microsatellite instability(MSI)with five markers in normal gastric tissue and gastdc Cancer．Arrows show abnormal bands of MSI．T
lumor；N：normaI mucosa

Fig．2．Detection of FMs of TGF 13R II in normal gastdc tissue and

gastric cancer samples．The arrow indicates the abnormal bond of FM．

T：tumor．N：normal gasldc mucosa．

Fig．3．Methylation．specific PCR of lhe hMLHl promoter region in

gastric cancers，precancerous lesions and normal gastdc tissue．

Bisulfite—treated DNA was amplified with methylated and

unmethylated specific hMLHl primers．The 124．bp product iS

indicative of an unmethylated hMLHl allele，whereas lhe 196_bp

product indicates a methylated hMLHl allele．T and N respectively

show products amplified from lhe gastric Cancers and normal gastdc

mucosa tissue．MP and UMP stand for products amplified using

specific methylated and unmethylated pdmers．
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4B

F目．(4A)Sequencing histograms(matching GenBank accession No．U26559)of the entire methylated hMLHl promoter region amplified with sodium

bisulfite—treated genomic DNAs from a primary gastnc carcinoma．(4B)The sequencing result of methylated hMLHl compares with the odginal
hMLHl sequence in the NCBI Blast bank．Black arrows show that methylated CpG sites still appear as CpG，while white arrows show that

unmethylated simple cytosines appear as thymines in the final sequence．

PCR products(Fig．4、．

Immunohistochemistry

Decreased hMLH 1 expressioh was noted in 1 6 of 1 7

(94．1％)hMLHl methylated samples，8 of 8(100％)
MSI．H cases and 16 of41(39．O％)gastric cancers，but

only l of 84(1．2％)unmethylated samples，0 of 79

(O％)MSS cases and l of 60(1．7％)normal gastric

samples respectively rP<0．05)．These results show that

decreased hMLHl expression was associated with

hMLH 1 promoter hypermethylation．MSI—H and gas—
tric cancers．(Tables 1~31．

DISCUSSION

Approximately 1 0～1 5％of gastrointestinal tumors are

caused by defective MMR，characterized by the pres—
ence of MSI and the absence of protein expression for

any of the various genes involved in DNA MMR．[1l】In

fact MMR gene defects do not provide mutated cells

with a direct selective advantage，but rather increase

the probability of mutations in other genes that other—

wise would OCCUr at low frequency．In OUr research，

we found that MSI occurred in more than 50％of spo—
radic gastric carcinomas．accompanied by hMLH l

methylation at a hi【gh frequency(41．5％)．In contrast，
MSI and hMLHl methylation were not detected in

normal gastric tissue samples，and MSI—H was exclu—

sively associated with hMLHl hypermethylation
which was rare in MSS and MSI．L samples．Further—
more．the majority of gastric carcinomas with}1MLHl

methylation exhibited decreased hMLHl protein ex．

pression．Thse findings show that hMLHl promoter

hypermethylation is associated with hMLHl transcrip—
tional inactivation and删R deficiency,suggesting
that hMLHl methylation and MSI are very important
mechanisms in gastric carcinogenesis．

HMLH 1 methylation and MSl were noted in 1 case

of carcinoma in situ and 2 cases of early gastric carci—

noma，which strongly suggests that hypermethylation
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of}1]MLHl and MSI are initial vital events in gastric

carcinogenesis．The lesions with hML】}Il hypermethy-
lation and MSI may be more prone to develop carcino—

ma．Iino et a1．【l 2】have also reported on cases of serrated

adenoma with hMLHl hypermethylation leading to

MSI—H cancer．Taken together．these findings suggest
that epigenetic silencing of tlMLHl may play all im-

portant role in initiation of gastric cancer．which，after

subsequent inactivation of bⅦ．H1．is required for en—
try into the pathway leading to microsatellite—unstable

gastric cancer．HMLHl methylation may represent an

early event in gastric oncogenesis that culminates in

disoIrdered DNA MMR．

Tumor cells with an inactivated～呱system often
exhibit marked MSI．However，because most mi—

crosatellites are noncoding，mutations of such se—

quences are thought to only retiect MMR defects

rather than participate in tumor development．A direct

oncogenetic effect of a high mutal：ion rate in coding re．

gions has recently been suggested for the TGFl3R II

gene。which is often observed in cancers exhibiting

MSI(+)．The new candidate tutnor suppressor gene，

TGFl3R II．which is also targeted for MA偶defects，
was identified．The TGF[3一TGFl3R II signaling system
is important in growth regulation and cancer progres‘

sion．[13】The TGFl3R family is divided into 3 groups：

TGFl3R I．TGFl3R II and TGF[3R III．TGFl3R 1I phos—

phorylates TGFl3R I．which activates TGFl3R I kinase

and initiates downstream signaling．So the normal

function of the TGFBR II is the most important factor

when the TGF beta signaling system fulfills its biologi．

cal role．such as arresting the cell in the G l phase，sup．

pressing the growth of certain cancer cells，induction
of apoptosis and inhibition of proliferation．

A lack of the expression of TGF and／or TGFBR II．

as well as mutations of the related genes have been re．

ported in human and animal malignancies．[141 These ab．
normalities were considered to be’the cause of inter．

ruption of the growth signal from TGF to the cell nu．

cleus，resulting in the uncontrolled growth of the in．

volved cells．In gastric and ovarian cancers，the loss of

TGF[3 growth inhibition has been attributed to muta．
tions of TGFl3R II．[15】Understanding the molecular

mechanisms of gastric epithelial eell transformation

and escape from normal growth regulation is critical to
the discovery of effective methods for gastric cancer

prevention，detection，and cure．

FMs in the TGFl3RⅡgene were frequently detected

in gastric cancers with hMLH 1 methylation and MSI—

H phenotype in our study．These mutations will likely

yield mmcated．non—functionaI proteins．resulting in

Dong Wang etal．27l

the loss of both growth inhibition and apoptotic re．

sponses by TGFl3．which would favor tumor forma—
tion．Therefore，the inactivation of this receptor maV

be an important step in tumorigenesis．In our study。

TGFl3R II mutations in 5(62．5％1 of the 8 MSI—H tu-

mors but in none of the MSI．L or MSS gastric cases．

indicate that these mutations are specific for MSI．．H tu．．

mors that exhibit a tendency to accumulate FMs．Our

study has shown that gastric cancers witll hMLHl

methylation accumulate MSI and FMs within the
TGFIBRⅡgene．There have been reports regarding
TGF effects which support the concert that TGF is in．

volved in cancer invasion and metastasis．【15】We sug一
￡est that one ofthe molecular features ofthe malignant

epithelium is an acquired resistance to the antiprolifer—
ative effects of TGF—B because mutated TGFBR II

could neither bind to TGF nor play its role．Insensitiv—

itV to TGF—mediated growth arrest will lead to a cellu—

lar malignant phenotype．
On the basis of our findings，we can conclude that

hMLHl hypermethylation correlates well with its tran—
scriptional silence and MMR defects．which lead to

MSI and TGFIBR II FMs．MSI and TGFl3R II are the

targets of MMR defects．so detection of hMLH 1

methylation．MSI and TGFBRII FMs may be useful in

early diagnosis of gastric cancer．
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