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The role of microRNAs in gastrointestinal cancers
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MicroRNAs (miRNAs) are small noncoding RNAs that 
function as endogenous silencers of numerous target 
genes. Hundreds of human miRNAs have been identi-
fi ed in the human genome, and they are expressed in 
a tissue-specifi c manner and play important roles in 
cell proliferation, apoptosis, and differentiation. Links 
between miRNAs and human diseases are increasingly 
apparent, and aberrant expression of miRNAs may con-
tribute to the development and progression of human 
malignancies. Recent studies have shown that some 
miRNAs play roles as tumor suppressors or oncogenes 
in gastrointestinal cancers. miRNA expression is regu-
lated by different mechanisms including transcription 
factor binding, epigenetic alterations, and chromosomal 
abnormalities. miRNA expression profi ling may be a 
powerful clinical tool for cancer diagnosis, and regula-
tion of miRNA expression could be a novel strategy for 
the chemoprevention of human gastrointestinal cancers. 
In this article, the biological importance of miRNAs in 
human gastrointestinal cancers is summarized.
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The biogenesis of microRNAs (miRNAs)

MicroRNAs (miRNAs) are ∼22-nucleotide (nt), non-
coding RNAs that can posttranscriptionally down-
regulate various target genes. Currently, ∼700 human 
miRNAs have been identifi ed in the human genome, 
and each miRNA potentially controls hundreds of gene 
targets. miRNAs are expressed in a tissue-specifi c 
manner and play important roles in cell proliferation, 

apoptosis, and differentiation.1 Moreover, recent studies 
have shown a connection between aberrant expression 
of miRNAs and the development of cancer.2

In animals, miRNA genes are generally transcribed 
by RNA polymerase II (pol II) to form primary tran-
scripts (pri-miRNAs). Pol II-transcribed pri-miRNAs 
are capped with 7-methylguanosine and polyadeny-
lated. The nuclear RNase III enzyme Drosha and its 
cofactor Pasha (also known as DGCR8) process pri-
miRNAs into ∼60 nt precursor miRNAs (pre-miRNAs), 
which form an imperfect stem-loop structure. Pre-
miRNAs are transported into the cytoplasm by the 
RAN GTP-dependent transporter exportin 5 and are 
subsequently cleaved by the cytoplasmic RNase III 
enzyme Dicer into mature miRNAs, which are then 
loaded into the RNA-induced silencing complex (RISC). 
The miRNA/RISC complex downregulates specifi c 
gene products by translational repression via binding 
to partially complementary sequences in the 3′-
untranslated regions (3′-UTRs) of the target mRNAs 
or by directing mRNA degradation via binding to 
perfectly complementary sequences (Fig. 1). Although 
much has been learned about the biogenesis of miRNAs, 
further studies are necessary to verify the mechanistic 
details in biological function of miRNAs.

miRNA target prediction

Identifi cation of miRNA target genes is critical to deter-
mining miRNA function. Recent studies have indicated 
that a single miRNA may regulate more than 200 target 
genes. This target pool is enriched in genes involved in 
transcriptional regulation and signal transduction. There 
are several databases of human miRNA target pre-
dictions using different algorithms, such as miRanda, 
miRBase, PicTar, and TargetScan.3–6 It is generally 
believed that conserved perfect 6- to 8-base-pair (bp) 
matches between the 5′-end of the mature miRNA and 
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the 3′-UTR of the predicted target mRNA (called 
“seed” matches) are the most reliable way to determine 
miRNA targets. Experimental confi rmation using a 
protein expression assay and a luciferase reporter assay 
for the miRNA target is necessary to accurately identify 
target genes of miRNAs.

miRNAs play roles as tumor suppressors or oncogenes 
in gastrointestinal malignancies

The fi nding that predicted targets of miRNAs are 
enriched for genes involved in transcriptional regula-
tion, cell proliferation, and apoptosis implies that aber-
rant expression of miRNAs might contribute to the 
development and progression of human malignancy. 
Recent studies have shown a distinct connection 
between aberrant expression of miRNAs and human 
carcinogenesis.2 Recent studies have shown that some 
miRNAs are downregulated in gastrointestinal cancers, 
which suggests that they may function as tumor suppres-
sors (Table 1). miR-15b and miR-16, which are down-
regulated in human gastric cancer cells, play a role 
in the development of multidrug resistance (MDR) by 
modulation of apoptosis via targeting BCL2.7 miR-34a, 
which is decreased in human colon cancers, functions as 
a tumor suppressor and induces senescence-like growth 
arrest through modulation of the E2F pathway in human 
colon cancer cells.8 miR-143 and miR-145 are down-
regulated in colorectal cancer.9 Akao et al. showed that 
in colorectal cancer, miR-143 targets ERK5, an impor-
tant member of signal transduction pathways involved 
in proliferation and cell survival.10 This fi nding suggests 

that miR-143 is a tumor suppressor whose downregula-
tion may contribute to an oncogenic phenotype.

On the other hand, some miRNA genes are over-
expressed in gastrointestinal cancers, indicating that 
they may have roles as oncogenes and accelerate the 
development of gastrointestinal cancer (see Table 1). 
miR-155 and its host gene BIC are highly expressed in 
several types of B-cell lymphoma.11 A recent study has 
shown that miR-155 is overexpressed in several types of 
human solid tumors including colon cancer.12 Gironella 
et al. have demonstrated that the expression of tumor 
protein 53-induced nuclear protein 1 (TP53INP1), a pro-
apoptotic stress-induced p53 target gene, is repressed 
by the oncogenic miRNA miR-155, which is overex-
pressed in pancreatic ductal adenocarcinoma cells, and 
suggested that TP53INP1 is a target of miR-155.13 The 
miR-17-92 cluster, which is located on chromosome 
13q31, is activated by the oncogene c-Myc, which is an 
important regulator of cell growth and is often mutated 
or amplifi ed in human cancers. The miR-17-92 cluster 
is highly expressed in various human malignancies 
including colon cancer.12,14 c-Myc upregulates the tran-
scription factor E2F1, and O’Donnell et al. found that 
two miRNAs in the miR-17-92 cluster, miR-17-5p and 
miR-20a, target E2F1.15 Their work shows that there is 
a negative feedback loop involving c-Myc, E2F1, and 
miR-17-5p and miR-20a. miR-20a also targets trans-
forming growth factor-beta receptor 2 (TGFBR2), which 
is a key mediator of TGF-β signaling and strongly impli-
cated in human carcinogenesis.12 miR-21 is upregulated 
in various human malignancies including stomach 
and colon cancers.12 Moreover, miR-21 is highly over-
expressed in human cholangiocarcinoma and modulates 
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Fig. 1. The biogenesis of microRNAs 
(miRNAs). miRNA genes are generally 
transcribed by RNA pol II to form 
pri-miRNAs, which are capped with 7-
methylguanosine (7MGpppG) and poly-
adenylated (AAAAA). Drosha and its 
co-factor Pasha process pri-miRNAs into 
pre-miRNAs. Pre-miRNAs are trans-
ported into the cytoplasm by the RAN 
GTP-dependent transporter exportin 5 
and are subsequently cleaved by Dicer 
into mature miRNAs. Mature miRNAs 
are then loaded into RISC, where 
miRNAs downregulate specifi c gene 
products by translational repression via 
binding to partially complementary 
sequences in the 3′-UTR of the target 
mRNAs or by directing mRNA degrada-
tion via binding to perfectly comple-
mentary sequences. ORF, open reading 
frame
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gemcitabine-induced apoptosis by directly altering 
PTEN, which regulates cellular proliferation, growth, 
and apoptosis as a tumor suppressor gene.16 The miR-
106b-25 cluster, which is upregulated in human gastric 
cancers and activated by E2F1, impairs the TGF-β 
tumor suppressor pathway by interfering with the 
expression of p21 and Bim.17 miR-106a is also upregu-
lated in colon cancer and targets RB-1.12 These fi ndings 
indicate that miRNAs have critical roles in the mecha-
nism underlying human carcinogenesis and that 
aberrant expression of miRNAs may contribute to the 
initiation and progression of human gastrointestinal 
cancers.

Regulatory mechanisms of miRNA expression

Because miRNAs can have large-scale effects through 
regulation of a variety of genes during mammalian 
development and carcinogenesis, understanding the 
regulatory mechanisms controlling miRNA expression 
is quite important. However, the regulation of miRNA 
expression is not fully understood. There are several 
reports describing that transcription factors bind to the 
promoter regions of specifi c miRNA genes and activate 
the transcription of pri-miRNAs, resulting in increased 
expression of mature miRNAs. As we mentioned 
earlier, c-Myc binds to the regulatory region of the miR-
17-92 cluster, and increased expression of c-Myc leads 
to the activation of the miRNAs in the cluster. On the 

other hand, numerous human miRNAs have been 
shown to reside within the intronic regions of either 
coding or noncoding transcription units. It is believed 
that intronic miRNAs are coordinately expressed with 
their host gene mRNA and that the expression of 
intronic miRNAs depends on the regulation of their 
host genes.18 The location of miRNA genes is also an 
important factor for the regulation of miRNA expres-
sion. Many miRNAs are located at cancer-associated 
genomic regions that are frequently involved in chro-
mosomal abnormalities such as loss of heterozygosity 
(LOH), amplifi cation and breakpoints.19 Chromosomal 
abnormalities during carcinogenesis could lead to the 
widespread differential expression of miRNAs in human 
cancer cells.

Epigenetic changes such as DNA methylation and 
histone modifi cation play critical roles in chromatin 
remodeling and regulation of gene expression in 
mammalian development and in human diseases. Many 
miRNAs are expressed in a tissue- and tumor-specifi c 
manner, implying that some miRNAs are subject to 
epigenetic control. We have recently shown that miR-
127, which is embedded in a CpG island, is strongly 
induced by treatment with the DNA demethylating 
agent 5-aza-2′-deoxycytidine (5-Aza-CdR) and the 
histone deacetylase (HDAC) inhibitor 4-phenylbutyric 
acid (PBA), indicating that some miRNA genes are 
controlled by epigenetic alterations in their promoter 
regions and can be activated by chromatin-modifying 
drugs.20

Table 1. MicroRNAs (miRNAs) as tumor suppressors or oncogenes in gastrointestinal cancers

miRNA Roles in gastrointestinal cancers Target genes References

Potential tumor suppressor miRNAs:
miR-15b, miR-16 miR-15b and miR-16 play a role in the development of 

MDR in gastric cancer cells by modulation of 
apoptosis via targeting BCL2

BCL2 7

miR-34a miR-34a functions as a tumor suppressor and induces 
senescence-like growth arrest through modulation of 
the E2F pathway in human colon cancer cells

E2F pathway 8

miR -143, miR-145 miR-143 and miR-145 are downregulated in colorectal 
cancer

ERK5 9, 10

Potential oncogenic miRNAs:
miR-17-92 cluster miR-17-92 cluster is overexpressed in various human 

malignancies, including colon cancer
E2F1 (miR-17-5p, miR-20a) 

TGFBR2 (miR-20a)
12, 14, 15

miR-21 miR-21 is upregulated in various human malignancies 
including cholangiocarcinoma, and gastric and colon 
cancers

PTEN 12, 16

miR-106a miR-106a is upregulated in colon cancer RB-1 12
miR-106b-25 cluster miR-106b-25 cluster, which is upregulated in human 

gastric cancers and activated by E2F1, impairs the 
TGF-β tumor suppressor pathway

p21 17
Bim
E2F1

miR-155 miR-155 is overexpressed in various human 
malignancies, including B-cell lymphoma and colon 
cancer

TP53INP1 12, 13
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The miRNA profi le as a tool for diagnosis and 
prognosis of cancer

Lu et al. reported that miRNA expression profi les can 
be used to classify the developmental lineages and dif-
ferentiation stages of tumors.21 Interestingly, miRNA 
expression profi les are more accurate for tumor clas-
sifi cation than conventional mRNA profi les.21 Fur-
thermore, recent studies demonstrated that miRNA 
expression signatures are associated with prognostic 
factors and disease progression in chronic lymphocytic 
leukemia and lung cancer.22,23 Yanaihara et al. showed 
that low let-7a-2 expression is correlated with poor sur-
vival of patients with lung adenocarcinoma, indicating 
that let-7 may have a role as a tumor suppressor. On 
the other hand, overexpression of miR-155, which is a 
potential oncogenic miRNA, correlates with poor sur-
vival in lung cancers.23 Schetter et al. have shown that 
high miR-21 expression is associated with poor survival 
and poor therapeutic outcome in colon cancer.24 These 
fi ndings indicate that the miRNA expression profi le 
might be a powerful clinical tool for the diagnosis and 
prognosis of patients with cancer, especially in a case 
that is diffi cult to diagnose pathologically.

Role of miRNAs in the chemoprevention of 
gastrointestinal cancers

The distinct connection between aberrant expression of 
miRNAs and the initiation and progression of cancer 
suggests that miRNAs could be novel therapeutic 
targets.

Cyclooxygenase (COX) is a critical enzyme involved 
in prostaglandin production and has two isoforms. 
COX-1 is constitutively expressed in normal tissues, 
whereas COX-2 is overexpressed in various human 
malignancies. Therefore, selective COX-2 inhibitors 
have been proposed to be a potential drug for the che-
moprevention of gastrointestinal cancers. Recent clini-
cal trials revealed that the selective COX-2 inhibitor 
celecoxib is an effective agent for the chemoprevention 
of colorectal adenomas, although, because of potential 
cardiovascular events, it cannot be routinely recom-
mended.25,26 However, the molecular mechanisms 
underlying the chemopreventive effects of selective 
COX-2 inhibitors are not fully understood. To investi-
gate the roles of miRNAs in anticancer effects of selec-
tive COX-2 inhibitors, we have recently analyzed the 
miRNA expression profi le in human gastric cancer cells 
treated with celecoxib. Mott et al. recently reported that 
miR-29c is an endogenous regulator of Mcl-1, an anti-
apoptotic Bcl-2 family member.27 We have found that 
miR-29c, which is signifi cantly upregulated after the 
treatment, induces apoptosis by suppressing Mcl-1 

target oncogene (unpublished data). This pathway could 
be one of the mechanisms of the chemopreventive 
effects of selective COX-2 inhibitors.

Epigenetic therapy with chromatin-modifying drugs 
has clinical promise for the chemoprevention of cancer. 
DNA methylation inhibitor 5-Aza-CdR has been widely 
studied and was recently approved by the FDA for the 
treatment of myelodysplastic syndrome (MDS). Many 
HDAC inhibitors are also in clinical trials.28 We have 
recently proposed that a novel benefi cial effect of epi-
genetic therapy is the downregulation of oncogenes via 
the activation of tumor suppressor miRNAs.29

Perspective in miRNAs and Helicobacter 
pylori-associated gastric cancer

In spite of the decline in gastric cancer incidence in 
Western countries, gastric cancer is the fourth most 
common cancer in the world, as the incidence of this 
disease remains very high in East Asia and in South 
America.30 Many researches now focus on the effect of 
Helicobacter pylori eradication31 on gastric cancer pre-
vention in the general population as well as for patients 
with preneoplastic lesions such as chronic atrophic 
gastritis and intestinal metaplasia. Several randomized 
placebo-controlled studies have reported that H. pylori 
eradication could, to some extent, induce a restoration 
of atrophy.32–36 The effect of bacterial eradications on 
gastric cancer prevention is, however, less evident.33,35,37 
In all these studies,32–37 there was no signifi cant differ-
ence between the H. pylori eradication and placebo 
groups in terms of the incidence of gastric cancer in the 
fi rst 4–12 years after treatment. The outstanding obser-
vation in all these studies, however, was that those 
gastric cancers that developed after H. pylori eradica-
tion were in particular confi ned to those subjects who 
already had atrophic gastritis and intestinal metaplasia, 
suggesting that the major cancer-preventive effect of H. 
pylori eradication is to be expected in subjects without 
such precancerous conditions. In other words, cohorts 
with preneoplastic lesions may already have passed the 
point of no return and need to be further treated in 
addition to H. pylori eradication. Maekita et al. have 
demonstrated that H. pylori infection potently induces 
methylation of promoter regions of some genes.38,39 
Long-term colonization of H. pylori might induce epi-
genetic modifi cation of gastric mucosal genes, including 
promoter of tumor suppressor miRNAs, which cannot 
be completely reversed only by bacterial eradication. 
Epigenetic therapy on the severe atrophic or metaplas-
tic gastric mucosa after H. pylori eradication might be 
a possible option for gastric cancer prevention.

As the relationship between miRNAs and cancer has 
only just begun to be understood and the number of 
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identifi ed miRNA genes is increasing, there could be a 
large number of therapeutic targets of gastrointestinal 
cancers. Further studies are necessary to investigate 
whether miRNA-mediated therapy is an effective strat-
egy for the chemoprevention of human gastrointestinal 
cancers.

References

 1. He L, Hannon GJ. MicroRNAs: small RNAs with a big role in 
gene regulation. Nat Rev Genet 2004;5:522–31.

 2. Calin GA, Croce CM. MicroRNA signatures in human cancers. 
Nat Rev Cancer 2006;6:857–66.

 3. Lewis BP, Shih IH, Jones-Rhoades MW, Bartel DP, Burge CB. 
Prediction of mammalian microRNA targets. Cell 2003;115:
787–98.

 4. John B, Enright AJ, Aravin A, Tuschl T, Sander C, Marks DS. 
Human MicroRNA targets. PLoS Biol 2004;2:e363.

 5. Krek A, Grun D, Poy MN, Wolf R, Rosenberg L, Epstein EJ, 
et al. Combinatorial microRNA target predictions. Nat Genet 
2005;37:495–500.

 6. Griffi ths-Jones S, Grocock RJ, van Dongen S, Bateman A, 
Enright AJ. miRBase: microRNA sequences, targets and gene 
nomenclature. Nucleic Acids Res 2006;34:D140–4.

 7. Xia L, Zhang D, Du R, Pan Y, Zhao L, Sun S, et al. miR-15b and 
miR-16 modulate multidrug resistance by targeting BCL2 in 
human gastric cancer cells. Int J Cancer 2008;123(2):372–9.

 8. Tazawa H, Tsuchiya N, Izumiya M, Nakagama H. Tumor-
suppressive miR-34a induces senescence-like growth arrest 
through modulation of the E2F pathway in human colon cancer 
cells. Proc Natl Acad Sci USA 2007;104:15472–7.

 9. Michael MZ, O’Connor SM, van Holst Pellekaan NG, Young GP, 
James RJ. Reduced accumulation of specifi c microRNAs in 
colorectal neoplasia. Mol Cancer Res 2003;1:882–91.

10. Akao Y, Nakagawa Y, Naoe T. MicroRNAs 143 and 145 are pos-
sible common onco-microRNAs in human cancers. Oncol Rep 
2006;16:845–50.

11. Eis PS, Tam W, Sun L, Chadburn A, Li Z, Gomez MF, et al. 
Accumulation of miR-155 and BIC RNA in human B cell lym-
phomas. Proc Natl Acad Sci USA 2005;102:3627–32.

12. Volinia S, Calin GA, Liu CG, Ambs S, Cimmino A, Petrocca F, 
et al. A microRNA expression signature of human solid tumors 
defi nes cancer gene targets. Proc Natl Acad Sci USA 2006;103:
2257–61.

13. Gironella M, Seux M, Xie MJ, Cano C, Tomasini R, Gommeaux 
J, et al. Tumor protein 53-induced nuclear protein 1 expression is 
repressed by miR-155, and its restoration inhibits pancreatic 
tumor development. Proc Natl Acad Sci USA 2007;104:
16170–5.

14. He L, Thomson JM, Hemann MT, Hernando-Monge E, Mu D, 
Goodson S, et al. A microRNA polycistron as a potential human 
oncogene. Nature (Lond) 2005;435:828–33.

15. O’Donnell KA, Wentzel EA, Zeller KI, Dang CV, Mendell JT. 
c-Myc-regulated microRNAs modulate E2F1 expression. Nature 
(Lond) 2005;435:839–43.

16. Meng F, Henson R, Wehbe-Janek H, Ghoshal K, Jacob ST, Patel 
T. MicroRNA-21 regulates expression of the PTEN tumor sup-
pressor gene in human hepatocellular cancer. Gastroenterology 
2007;133:647–58.

17. Petrocca F, Visone R, Onelli MR, Shah MH, Nicoloso MS, de 
Martino I, et al. E2F1-regulated microRNAs impair TGF-beta-
dependent cell-cycle arrest and apoptosis in gastric cancer. Cancer 
Cell 2008;13:272–86.

18. Rodriguez A, Griffi ths-Jones S, Ashurst JL, Bradley A. Identifi -
cation of mammalian microRNA host genes and transcription 
units. Genome Res 2004;14:1902–10.

19. Calin GA, Sevignani C, Dumitru CD, Hyslop T, Noch E, 
Yendamuri S, et al. Human microRNA genes are frequently 
located at fragile sites and genomic regions involved in cancers. 
Proc Natl Acad Sci USA 2004;101:2999–3004.

20. Saito Y, Liang G, Egger G, Friedman JM, Chuang JC, Coetzee 
GA, Jones PA. Specifi c activation of microRNA-127 with down-
regulation of the proto-oncogene BCL6 by chromatin-modifying 
drugs in human cancer cells. Cancer Cell 2006;9:435–43.

21. Lu J, Getz G, Miska EA, Alvarez-Saavedra E, Lamb J, Peck D, 
et al. MicroRNA expression profi les classify human cancers. 
Nature (Lond) 2005;435:834–8.

22. Calin GA, Ferracin M, Cimmino A, Di Leva G, Shimizu M, 
Wojcik SE, et al. A microRNA signature associated with progno-
sis and progression in chronic lymphocytic leukemia. N Engl J 
Med 2005;353:1793–801.

23. Yanaihara N, Caplen N, Bowman E, Seike M, Kumamoto K, Yi 
M, et al. Unique microRNA molecular profi les in lung cancer 
diagnosis and prognosis. Cancer Cell 2006;9:189–98.

24. Schetter AJ, Leung SY, Sohn JJ, Zanetti KA, Bowman ED, 
Yanaihara N, et al. MicroRNA expression profi les associated with 
prognosis and therapeutic outcome in colon adenocarcinoma. 
JAMA 2008;299:425–36.

25. Arber N, Eagle CJ, Spicak J, Racz I, Dite P, Hajer J, et al. Cele-
coxib for the prevention of colorectal adenomatous polyps. 
N Engl J Med 2006;355:885–95.

26. Bertagnolli MM, Eagle CJ, Zauber AG, Redston M, Solomon 
SD, Kim K, et al. Celecoxib for the prevention of sporadic 
colorectal adenomas. N Engl J Med 2006;355:873–84.

27. Mott JL, Kobayashi S, Bronk SF, Gores GJ. mir-29 regulates 
Mcl-1 protein expression and apoptosis. Oncogene 2007;26:
6133–40.

28. Yoo CB, Jones PA. Epigenetic therapy of cancer: past, present 
and future. Nat Rev Drug Disc 2006;5:37–50.

29. Saito Y, Jones PA. Epigenetic activation of tumor suppressor 
microRNAs in human cancer cells. Cell Cycle 2006;5:2220–2.

30. Parkin DM. Global cancer statistics in the year 2000. Lancet 
Oncol 2001;2:533–43.

31. Suzuki H, Hibi T, Marshall BJ. Helicobacter pylori: present status 
and future prospects in Japan. J Gastroenterol 2007;42:1–15.

32. Kuipers EJ, Nelis GF, Klinkenberg-Knol EC, Snel P, Goldfain D, 
Kolkman JJ, et al. Cure of Helicobacter pylori infection in patients 
with refl ux oesophagitis treated with long term omeprazole 
reverses gastritis without exacerbation of refl ux disease: results of 
a randomised controlled trial. Gut 2004;53:12–20.

33. Leung WK, Lin SR, Ching JY, To KF, Ng EK, Chan FK, et al. 
Factors predicting progression of gastric intestinal metaplasia: 
results of a randomised trial on Helicobacter pylori eradication. 
Gut 2004;53:1244–9.

34. Ley C, Mohar A, Guarner J, Herrera-Goepfert R, Figueroa LS, 
Halperin D, et al. Helicobacter pylori eradication and gastric pre-
neoplastic conditions: a randomized, double-blind, placebo-
controlled trial. Cancer Epidemiol Biomarkers Prev 2004;13:
4–10.

35. Mera R, Fontham ET, Bravo LE, Bravo JC, Piazuelo MB, 
Camargo MC, Correa P. Long term follow up of patients treated 
for Helicobacter pylori infection. Gut 2005;54:1536–40.

36. Schenk BE, Kuipers EJ, Nelis GF, Bloemena E, Thijs JC, Snel P, 
et al. Effect of Helicobacter pylori eradication on chronic gastritis 
during omeprazole therapy. Gut 2000;46:615–21.

37. Wong BC, Lam SK, Wong WM, Chen JS, Zheng TT, Feng RE, 
et al. Helicobacter pylori eradication to prevent gastric cancer in 
a high-risk region of China: a randomized controlled trial. JAMA 
2004;291:187–94.

38. Maekita T, Nakazawa K, Mihara M, Nakajima T, Yanaoka K, 
Iguchi M, et al. High levels of aberrant DNA methylation in 
Helicobacter pylori-infected gastric mucosae and its possible asso-
ciation with gastric cancer risk. Clin Cancer Res 2006;12:989–
95.

39. Ushijima T, Nakajima T, Maekita T. DNA methylation as a 
marker for the past and future. J Gastroenterol 2006;41:401–7.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


