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Gastric Cancer and Helicobacter pylori

Gastric cancer is the fourth most common malignancy and 
the second most common cause of cancer-related death world-
wide.1-3 If gastric cancer is detected at an early stage, the 5-y 
survival is approximately 90%.4 However, because there are no 
specific symptoms at the early stages when the disease is surgi-
cally curable, most cases present with locally advanced or meta-
static disease, which has a median survival of only 24 mo and a 
5-y survival of less than 15%.3 Thus, gastric cancer is a disease in 
need of early detection, and the current strategies have not been 
successful in decreasing the global burden of disease.

According to the 2008 GLOBOCAN estimates of the world-
wide burden of cancer,5 the majority of gastric cancer cases occur 
in developing countries, with an age-standardized incidence rate 
that is twice as high in men as in women. Half of the cases occur 
in Eastern Asia, where the highest mortality rates are observed. 
High mortality rates are also observed in Central and Eastern 
Europe, and in Central and South America. In Latin America, 
the higher mortality rates are concentrated in nations along the 
Pacific rim, particularly in mountainous areas.6 Gastric cancer is 
projected to rise from fourteenth to eighth in all-cause mortality 
in the near term, due to the growing and aging populations in 
eastern Asia and Latin America.7
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Helicobacter pylori-associated gastric cancer is a major 
cause of morbidity and mortality worldwide, and is predicted 
to become even more common in developing countries as 
the population ages. Since gastric cancer develops slowly 
over years to decades, and typically progresses though a 
series of well-defined histologic stages, cancer biomarkers 
have potential to identify asymptomatic individuals in whom 
surgery might be curative, or even those for whom antibiotics 
to eradicate H. pylori could prevent neoplastic transformation. 
Here we describe some of the challenges of biomarker 
discovery, summarize current approaches to biomarkers of 
gastric cancer, and explore some recent novel strategies.
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Pathologically, there are two histological types of gastric can-
cer: the diffuse type and the intestinal (well-differentiated) type.8 
The diffuse type of gastric cancer is most often sporadic, but 
may also be hereditary, which is associated with loss of cell-cell 
interactions due to germ-line mutations in genes encoding epi-
thelial junction proteins, particularly E-cadherin.9,10 Sporadic 
diffuse gastric cancer has been associated with H. pylori infec-
tion, which induces promoter methylation and silencing of the 
E-cadherin gene that is reversible upon H. pylori eradication.11,12 
The intestinal type of gastric cancer is the most common histol-
ogy and is associated with chronic gastritis. It was first proposed 
by Pelayo Correa that the intestinal type of gastric cancer fol-
lows a prolonged progression of pathologic changes that leads 
from chronic non-atrophic gastritis, to atrophic gastritis, intes-
tinal metaplasia, dysplasia, and finally gastric adenocarcinoma. 
This “precancerous cascade” is shown schematically in Figure 1 
and thoroughly discussed in a recent review.13 The initial gas-
tric inflammatory response was first attributed to environmental 
factors such as excessive dietary salt and lack of fresh fruits and 
vegetables. However, the discovery of Helicobacter pylori in 1982 
by Marshall and Warren, who in 2005 were awarded the Nobel 
Prize in Physiology or Medicine, led to the current understand-
ing that chronic H. pylori infection initiates gastritis that can 
progress down the pathologic cascade to intestinal-type gastric 
cancer. While diet and host genetics continue to be recognized as 
important determinants of gastric cancer, approximately 60% of 
distal gastric cancer is attributable to H. pylori infection, prompt-
ing the designation of H. pylori as a Type I (definite) carcinogen 
by the WHO.

Approximately half of the world’s population is infected with 
H. pylori, with prevalence reaching more than 80% in many 
developing countries.14,15 However, infected patients have only 
a 1–3% lifetime risk of developing gastric cancer. Patients with  
H. pylori also have an approximately 10% lifetime risk of devel-
oping peptic ulcer disease, but those who develop duodenal ulcer 
generally do not develop gastric cancer.16 Since gastric cancer 
can only be treated successfully if it is identified early, screen-
ing approaches are needed to identify and treat those most at 
risk. There may be a role for endoscopic surveillance to detect 
precancerous lesions—much like is performed to detect colon 
cancer—or even mass screening and treatment of H. pylori to 
prevent gastric cancer.17-19 However, cost and the high likelihood 
of recurrent H. pylori infection after large-scale treatment20 must 
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is much more amenable to cure when it is detected early, ide-
ally before it has crossed anatomic barriers that make surgical 
resection impossible. Biomarkers may also be useful to predict 
the natural history of disease, predict the optimal therapy, and 
monitor disease activity during treatment. The latter is probably 
the least challenging hurdle for biomarker discovery, and several 
are currently in use, such as PSA and CA125.

The problem of overdiagnosis
Overdiagnosis is simply the identification of cancer in an 

asymptomatic person that would have never produced signs or 
symptoms had it not been discovered.26 Overdiagnosis can occur 
when a stable or very slow growing cancer is detected inadver-
tently or by an early detection screening test. The most familiar 
example is prostate cancer, which is estimated to be present in 
30–70% of men over the age of 60 y, yet only a small fraction 
of them will ever have clinical sequelae.26 Less appreciated is the 
overdiagnosis of breast cancer, which is estimated to have a dis-
ease reservoir of 7–39% in asymptomatic women aged 40 to 70 
y.26 The dilemma of course is that when cancer is diagnosed by 
a screening test, it is impossible to know whether it represents 
life-saving early detection or overdiagnosis, which can only be 
determined by long-term follow up studies. In one such study, it 
was estimated that in 2008, breast cancer was overdiagnosed in 
more than 70 000 women, which accounted for 31% of all breast 
cancers diagnosed.27 The solutions to this thorny problem will 
not be simple, all the more so because of political and emotional 
hyperbole, but an essential first step is recognition of the problem 
by physicians and patients alike.

Measurement considerations
Apparent successes in biomarker discovery have often not ful-

filled their initial promise, owing in part to three major sources 
of error that have been thoughtfully discussed elsewhere in more 
detail:28-30 bias, overfitting, and generalizability. Bias, or inter-
nal validity, refers to errors resulting from differences among 
patients other than the disease for which a biomarker is sought, 

be addressed for these approaches to be practical. Here we con-
sider another approach, the development of biomarkers to iden-
tify the subpopulation of those infected with H. pylori that are 
most at risk for development of gastric cancer.

The Challenge of Biomarker Discovery

It is widely believed by physicians and patients alike that early 
detection of cancer is critical to effective prevention and treat-
ment, a view that has been fueled by rapid technological advances 
in high throughput detection, and is the foundation for the Early 
Detection Research Network (EDRN) initiative of the National 
Cancer Institute (http://edrn.nci.nih.gov). But the reality is that 
few cancer biomarkers are used in clinical practice today, and 
many of those that are used have come under increasing scrutiny 
as to whether they really deliver on the promise of improved can-
cer outcomes. Here we briefly address some of the challenges of 
biomarker discovery. For a more thorough discussion, we refer 
the reader to recent reviews.21,22

What do we want a biomarker to do?
It is important to be clear about exactly what we want a bio-

marker to do for prevention of gastric cancer. Probably the most 
desirable, but also most difficult to achieve, would be a biomarker 
that can identify those infected with H. pylori who are more 
likely to develop gastric cancer, so that they might be targeted 
for antibiotic therapy to eliminate infection, and perhaps also 
endoscopic surveillance to prevent the development of cancer. 
This will be challenging because only about 1% of those infected 
will develop gastric cancer, and because studies in humans and 
rodent models suggest that for antibiotics to be effective, they 
will have to be administered before preneoplastic changes have 
occurred.23-25 Also useful, though perhaps equally challenging, 
would be a biomarker that detects disease in those at an early 
stage without signs or symptoms, and who would benefit from 
surgery and/or chemotherapy. Gastric cancer, like most cancers, 

Figure 1. Schematic representation of the main clinical outcomes of H. pylori infection. The right side of the figure shows the sequential steps of the 
precancerous cascade. Reproduced from reference 13 with permission from John Wiley and Sons.
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gastric atrophy,37-39 though in some studies the sensitivity is low.40 
But while abnormal PGI or PGI/PGII are indications of gastric 
corpus atrophy, they are very poor predictors of gastric cancer. 
This is best illustrated by a meta-analysis of 42 individual studies 
involving nearly 300 000 participants in population based screen-
ing, which showed that the positive predictive value of PGI/PGII 
was only 0.77–1.25%, so that 600 individuals would have to be 
screened to detect one case of gastric cancer.41 Nevertheless, the 
negative predictive value of PGI/PGII was >99%, so a negative 
result is a strong indication of a healthy gastric mucosa. For this 
reason, the primary utility of pepsinogen is to distinguish those 
individuals with atrophy who merit periodic endoscopic screen-
ing, from those with a healthy gastric mucosa who do not. Large 
population-based studies in Europe and in Asia have validated 
the usefulness of this approach.42,43 But in areas of the world 
where atrophic gastritis and gastric cancer are common, positive 
results will be very frequent. Therefore, additional biomarkers 
are required to avoid the impractical and expensive strategy of 
performing endoscopy on all patients with abnormal pepsinogen.

Gastrin-17
Gastrin, produced primarily by the endocrine (G) cells in the 

gastric antrum, stimulates parietal cells in the corpus to secrete 
hydrochloric acid. Circulating gastrin has been proposed as a 
biomarker of gastric atrophy that could assist in the diagnosis 
of atrophic gastritis and gastric cancer. However, the relation-
ship between gastrin and gastric pathology is complicated. First, 
gastrin is low when atrophy is restricted to the antrum, where it is 
produced, but it is high in the setting of isolated (usually autoim-
mune) corpus atrophy because the normal inhibitory feedback of 
acid on G cells is lost. However, atrophic gastritis of the corpus 
is most often a result of H. pylori infection, which causes a pan-
gastritis, so low gastrin is commonly associated with atrophy of 
the corpus and the antrum.39 Second, G cells secrete six bioactive 
gastrin peptides of different length, though the 17 and 34 residue 
forms are predominant in plasma. For historical and technical 
reasons, gastrin is usually detected in serum or plasma by immu-
noassay of gastrin-17. However, accurate detection of gastrin-17 is 
difficult because it has a very short half-life, and antibodies differ 
in the extent to which they detect sulfated gastrin and peptides 
of different length. A recent comparison of commercial kits to 
a validated reference radioimmunoassay found that fewer than 
half were accurate.44 Despite these limitations, low gastrin shows 
some utility as a biomarker of atrophic gastritis.45,46 Since atrophy 
is a precursor, one might expect that gastrin would also be low 
in the setting of gastric cancer, but in fact it appears to be ele-
vated, though it does not distinguish early stage from advanced 
disease.45

H. pylori serology
Because H. pylori is by far the most common cause of atro-

phic gastritis, serologic evidence of H. pylori infection has been 
studied in combination with pepsinogen as a biomarker for 
gastric cancer.34,47,48 If H. pylori antibody is absent and pepsino-
gen is normal, the risk of gastric cancer is extremely low, if not 
zero. The risk increases with H. pylori seropositivity alone, but 
is substantially higher if PGI/PGII is also low, indicating atro-
phic gastritis. Interestingly, the greatest risk for gastric cancer is 

or unequal assessment of results that may occur if investiga-
tors are not blinded. Specific inclusion and exclusion criteria, or 
stratification, are often used to minimize heterogeneity between 
groups. Bias can also result if data are collected or interpreted 
differently in the comparison groups. For example, if patient 
samples are collected differently or are stored for different lengths 
of time than controls, or have been thawed a different number 
of times, the quality of the material may differ among groups 
and result in biased results. Similarly, bias may result if differ-
ent assays or versions of the assays, or even different reagent lots, 
are used to examine the samples. Neither large sample size nor 
reproducibility of the assays can mitigate bias. Overfitting refers 
to the apparent discrimination between cases and controls that is 
actually caused by chance. It is particularly problematic in dis-
covery-based research that measures a large number of variables 
and then seeks to find a pattern that can discriminate among 
groups. The problem is accentuated if the sample size is small. 
Put differently, if enough possible predictors are examined, a pat-
tern is almost certain to emerge that appears to distinguish the 
groups, but it would not likely stand up to the scrutiny of an 
independent validation set. The ideal method to address over-
fitting is to have completely independent testing and validation 
cohorts. However, since samples are often limited, a common 
alternative is to randomly split the sample into a training set that 
is used to derive the prediction rule, and a validation set that 
is used to independently evaluate it. Generalizability, also called 
external validity, concerns the question of to whom the results of 
a study can be reasonably applied. The generalizability of a study 
depends upon the careful definition of characteristics of the study 
participants. Thoughtful attention to these measurement issues, 
as well as standardized recommendations for reporting results,31 
will be essential if recent technologic advances in biomarker mea-
surement are to be translated into clinically meaningful assays.

Current Approaches to Biomarkers  
for the Detection of Gastric Cancer

Pepsinogen
The strongest known risk factor for the development of distal, 

non-cardia gastric cancer is H. pylori-induced atrophic gastri-
tis,32-35 in which the normal gastric glands are absent and replaced 
by fibrosis and occasionally intestinal metaplasia. As the gastric 
glands atrophy, there is loss of acid production, but also loss of 
pepsinogen, which is found in two distinct forms. Pepsinogen I 
(PGI) is produced exclusively by chief and mucus neck cells in 
the fundic glands, while pepsinogen II (PGII) is secreted widely 
throughout the stomach. As corpus atrophy develops, PGI lev-
els decline proportionally, while PGII remains relatively stable 
or declines but to a lesser extent, leading to a decreased PGI/
PGII ratio.

Both PGI and the PGI/PGII ratio have been studied exten-
sively as biomarkers for atrophic gastritis, particularly in Japan 
and some other parts of Asia. Despite problems with identifica-
tion of the optimal cutoffs, regional variation in performance, 
and the influence of age, gender, and H. pylori infection on 
pepsinogen levels,36 PGI and PGI/PGII are specific measures of 
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cancer. Recent studies have demonstrated that several miRNAs, 
including miR-370, miR-146a, miR-155, miR-378, and miR-21, 
are involved in H. pylori infection and gastric cancer,72-76 but the 
reported miRNA profiles of gastric cancer have not been consis-
tent across different studies, perhaps due to technical inconsis-
tencies62 or because studies have analyzed different subtypes of 
gastric cancer (intestinal and diffuse-type cancers), which may 
display different miRNA expression patterns.77

Prognostic applications of miRNAs have also been reported, 
as levels of miRNAs expressed by gastric tumors have been asso-
ciated with clinical outcomes. Several studies have correlated 
miRNA expression with survival time and tumor recurrence.65,78-80 
miRNAs have been correlated with disease stage77,81,82 and metas-
tasis to the lymph nodes.65,78,81,83 Levels of miRNAs expressed by 
gastric tumors may also affect resistance to chemotherapy.67,84,85 A 
more thorough discussion is available in recent reviews.62,86

DNA methylation
DNA methylation of promoter CpG islands is an epigenetic 

mechanism of transcriptional regulation that, when gone awry, 
can lead to inactivation of tumor suppressor genes and activa-
tion of oncogenes. Aberrant DNA methylation has been linked to 
precancerous gastric epithelial lesions and progression of gastric 
cancer.87 H. pylori infection, or the inflammation associated with 
it,88 has been implicated in the induction of aberrant DNA meth-
ylation at several loci in gastric epithelial cells, including CDH1, 
LOX, HAND1, THBD, HRASLS, FLNC, ARC, CDKN2A, 
RUNX3, and TWIST1 genes.12,89-92 However, a recent meta-
analysis showed that aberrant DNA methylation of more than 
100 genes has been associated with gastric cancer, so the situation 
is complex and more work is needed.87

Changes in DNA methylation patterns occur early93 and can 
accumulate over the course of gastric cancer progression,91 so they 
show potential for use in clinical diagnostics of gastric cancer risk 
and prognosis. Cancer-specific methylated DNA can be found in 
biological fluids at levels concordant with those in cancerous tis-
sues, suggesting it could be useful for non-invasive diagnostics.91,94 
A number of genes have been repeatedly shown to be hypermeth-
ylated in gastric cancer subjects,87,95 and hypermethylation of these 
genes is more common in normal gastric tissue from gastric cancer 
patients than in non-cancer patients.87,96 DNA methylation has 
been correlated with survival of gastric cancer patients87,91 and also 
may serve as a predictor of response to chemotherapy,87,97 though 
only a few small studies have been performed to date.

Though promising as a future biomarker for gastric cancer, 
no clinical applications of DNA methylation are currently in 
use. Several methodological inconsistencies exist across studies, 
and many results still require independent validation. Perhaps of 
greater concern is that several genes that are differentially meth-
ylated in gastric cancer have also been identified as risk markers 
of other cancer types, so they are not specific markers of gastric 
cancer.87 Moreover, DNA methylation is not specific to cancer, as 
it has been associated with age, gender, smoking, intestinal meta-
plasia, host genetics, H. pylori, and Epstein Barr virus infection.87

Host genetics
Intestinal-type gastric cancer is considered an inflammation-

induced malignancy.98 It is increasingly clear that H. pylori 

sometimes found in those patients with low PGI/PGII but who 
are seronegative for H. pylori,34,47,48 though there are exceptions.49 
While these patients could in principle have atrophic gastritis 
from some cause other than H. pylori infection, such as autoim-
mune gastritis, they more often represent the most severe, late 
stages of intestinal metaplasia, in which the stomach environ-
ment is inhospitable for H. pylori growth and serology reverts 
to negative.50 Serologic evidence of immune response to specific  
H. pylori virulence factors is another strategy that has been 
explored to identify gastric cancer biomarkers. Seropositivity 
to CagA and VacA have been studied most often, though the 
results have been mixed.51-54 Multiplex assays that detect serologic 
responses to a panel of H. pylori proteins may improve the perfor-
mance of individual assays.55-58

Current guidelines
European and Asia-Pacific guidelines have been published 

regarding gastric cancer prevention,59,60 though consensus is often 
lacking. Screening with pepsinogen and H. pylori serology is rec-
ommended by some experts to identify patients at risk of gastric 
cancer, who can then be targeted for serial endoscopic evaluation. 
National screening programs using photofluorography or endos-
copy are in place in Japan and Korea, where gastric cancer can 
account for as many as 20% of newly diagnosed cancers.61

Discovery of Novel Biomarkers

Current approaches to biomarkers for gastric cancer are inad-
equate. Here we selectively explore some approaches to discovery 
of novel biomarkers.

Micro RNA
MicroRNAs (miRNAs) are noncoding RNAs of approxi-

mately 22 nucleotides that regulate gene expression through 
post-transcriptional silencing of target genes. miRNAs act either 
by binding partially complementary transcripts and preventing 
translation of the target mRNA, or by binding perfectly comple-
mentary transcripts, resulting in cleavage of the target mRNA.62 
Since they regulate expression of 30–60% of human genes,63 it 
is not surprising that miRNAs play important roles in processes 
like cell proliferation, differentiation and apoptosis, and may also 
function as oncogenes or tumor suppressor genes.62 Although 
miRNAs are relatively new contenders, they potentially have 
wide application as biomarkers for gastric cancer susceptibility, 
diagnosis, prognosis, and even prediction of response to therapy.

Individuals with a genetic predisposition to gastric cancer may 
be identified by single nucleotide polymorphisms (SNPs) that 
occur in miRNA precursors and mRNA target binding sites. 
Although the data are sometimes contradictory, the most stud-
ied miRNA-SNP related to gastric cancer is rs2910164 G/C of 
the pre-miR-146a gene.64-67 Additional miRNA-SNPs have been 
reported in relation to gastric cancer, including polymorphisms 
of the miR-196a-2 and miR-27a genes.68,69

The miRNA pattern observed in gastric cancer tissue differs 
from that of nonmalignant tissue of the same patient.70 Tumor-
associated miRNAs can also be detected in a remarkably stable 
form in circulating blood or in circulating tumor cells71 and thus 
have potential use as non-invasive diagnostic markers for gastric 
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downregulates the inflammatory response by inhibition of pro-
inflammatory cytokines. Three polymorphisms in this gene 
have been connected with altered risk of gastric cancer devel-
opment. Meta-analyses have revealed that the IL-10–592 AA112 
and IL-10–819 TT113 genotypes are associated with reduced risk 
of gastric cancer in Asian populations, whereas the IL-10-1082 
GG-plus-GA genotypes are associated with increased risk (espe-
cially intestinal-type gastric cancer) in Asian populations.114

Though many genetic polymorphisms have been linked to 
altered gastric cancer susceptibility, no genetic tests exist in clini-
cal practice. Many of the markers are very common and lack ade-
quate specificity for a gastric cancer screening test.98 In addition, 
several of the potential markers are controversial, with many of 
the associations specific to ethnicity.115 A thorough review and 
selection of the stronger candidates is needed to design validation 
studies in communities with different genetic backgrounds.

Glycomics
Protein glycosylation is a co- or post-translational modifica-

tion in which oligosaccharide structures are enzymatically added 
to protein. Protein glycoslylation is sensitive to disruption, and 
altered glycosylation patterns are associated with various states of 
health and disease, including cancer.116-119 The majority of plasma 
proteins are glycosylated, and several studies have analyzed gly-
coproteins or enzymatically released glycans in plasma or serum 
of gastric cancer patients and controls.120,121 Although the study 
of protein glycosylation is a newly emerging field for biomarker 
discovery, it has potential application for diagnosis and progno-
sis of gastric cancer. For example, preliminary studies suggest 
that non-sulfated chondroitin/dermatan sulfate concentration is 
increased in gastric biopsies from cancer patients compared with 
normal controls.122

One target of biomarker research is the glycosylation pattern 
of the most abundant glycoprotein in serum, immunoglobulin 
G (IgG). The N-glycans on the IgG Fc region have an impor-
tant effect on the structure of the IgG molecule and its binding 
properties to the Fcγ receptor.123 Several studies have identified 
increased levels of agalactosylated IgG oligosaccharides in serum 
from gastric cancer patients compared with controls, and the 
levels of these agalactosylated glycans increase with tumor pro-
gression.124,125 Interestingly, higher levels of agalactosylated IgG 
oligosaccharides, which increase with tumor progression, have 
also been reported for patients with cancer of the prostate126 and 
ovary.127

Proteomics
Many platforms have been applied to analyze proteins in vari-

ous clinical specimens for gastric cancer biomarker discovery. 
Strategies include the proteomic analysis of blood, gastric fluid, 
tissues, and cell lines to identify aberrantly expressed or modified 
proteins. Though blood is a relatively non-invasive specimen to 
obtain, biomarker discovery from serum is challenging because 
the majority of the serum proteome is comprised of a few highly 
abundant proteins, so a large dynamic range is required to detect 
the low abundance proteins.128 Potential biomarkers identified 
through proteomic analysis of blood include complement com-
ponent C9129 and apolipoproteins C-I and C-III.130 Levels of 
soluble E-cadherin, hepatocyte growth factor, tissue inhibitor of 

infection most often produces an immunotolerant phenotype, 
which is not associated with pathology; disease results from an 
aggressive Th1 and Th17-biased inflammatory response.99,100 
Still unanswered, however, is the question of why most individu-
als develop a tolerant phenotype with no disease, while others 
progress to peptic ulcer or gastric cancer. While environmental 
and bacterial factors are important, including the gut micro-
biota, development of disease is no doubt influenced also by 
host genetics. The nature and magnitude of the chronic inflam-
matory response elicited by H. pylori may vary depending on 
the genetic background of the host.101 In general, host genetic 
polymorphisms that may alter susceptibility to gastric can-
cer are related either to recognition and signaling receptors of  
H. pylori or to modulation of the host pro-inflammatory response.

Polymorphisms in innate immune response genes involved in 
recognition and signaling of H. pylori infection may play a key role 
in determining the magnitude and course of the host response.102 
TLR-4 is a pattern recognition receptor for LPS and ultimately 
signals NF-κB. A number of polymorphisms in the TLR-4 gene 
have been identified that lead to an amplified immune response 
and development of gastric cancer.98,102 For example, the TLR4 
D299G mutation leads to an exaggerated immune response to 
H. pylori, resulting in an 8-fold increased risk for pre-malignant 
change and a 2-fold increased risk for malignancy.103 TLR4 
T399I has also been associated with increased risk for intestinal-
type gastric cancer.104 The risk for gastric mucosal atrophy is also 
increased substantially by the G796A mutation in NOD1, a cyto-
solic pattern recognition receptor that responds to peptidoglycan 
delivered by the H. pylori cag PAI.105

Polymorphisms in cytokine genes that drive the inflamma-
tory response to H. pylori infection may also influence suscep-
tibility to gastric cancer. The pro-inflammatory cytokine IL-1β 
has been recognized as an important candidate in the develop-
ment of gastric cancer due to its roles in amplification of the 
host inflammatory response to H. pylori infection and strong 
suppression of gastric acid.106,107 A recent meta-analysis of poly-
morphisms in the IL-1 gene cluster in susceptibility to gastric 
cancer showed that the IL-1β -511 T allele and the IL-1 RN*2 
VNTR are significantly associated with increased risk, especially 
of the intestinal-type gastric cancer, in Caucasian but not Asian 
or Hispanic populations.108 TNF-α is another pro-inflammatory 
cytokine with an effect on gastric acid suppression that has been 
implicated in gastric cancer susceptibility. The TNF-α-308AA 
genotype was associated with a 2-fold increase in risk of gastric 
cancer,107 which has been confirmed in a recent meta-analysis.109 
Genotypes TNF-β-252G/G and HSP70–1C/G were also signifi-
cantly associated with gastric cancer in a Latin American popula-
tion, probably because of their association with an intense and 
sustained inflammatory response.110 IL-8 is a potent pro-inflam-
matory cytokine involved in recruitment of neutrophils and mac-
rophages. The IL-8–251 AA genotype has been associated with 
increased IL-8 expression in H. pylori infected individuals,111 but 
there have been conflicting reports regarding its contribution to 
gastric cancer risk. Recently, a meta-analysis has supported the 
association of the IL-8–251 AA genotype with gastric cancer 
risk in Asians, especially intestinal-type gastric cancer.111 IL-10 
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that early detection is most needed. Since resources are limited, 
biomarker tests must be non-invasive, simple, and cheap, which 
makes the task of biomarker discovery and development even 
more difficult. To be most efficient and economical, biomarkers 
will also have to be utilized in the right context. For example, 
it will be important to validate SNPs or other markers in dif-
ferent ethnic groups, and to use markers of unregulated inflam-
matory response, such as altered miRNA, DNA methylation, or 
altered glycomics and proteomics, only in older adults (probably  
>40 y) where precancerous lesions are more likely. Gastric can-
cer is a multifactorial disease, and a proper combination of bio-
markers, together with age, gender, family history, and perhaps 
even blood group,139 may improve their utility to identify patients 
at risk. Finally, since the neoplastic response to H. pylori infec-
tion is delayed in germ free mice,140 other members of the gastric 
microbial community might also be informative. Early detection 
with a combination of biomarkers, together with more intensive 
screening of high-risk individuals, offers the most realistic hope 
to bend the gastric cancer curve.
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metalloproteinase-1 (TIMP-1) and IL-2R have also been found 
to have prognostic significance in gastric cancer patients.131-134 
Though more invasive to obtain, gastric fluid may contain 
higher concentrations of tumor-secreted proteins.128 For exam-
ple, α-1-antitrypsin, S100A9, and gastric intrinsic factor have 
been proposed as biomarkers in gastric fluid.135 Tissue-based 
proteomic studies have identified numerous candidate proteins, 
but have faced issues with little overlap and even conflicting data 
across studies.128 A comprehensive list of proteomic technologies 
and candidate proteins for gastric cancer biomarkers has been 
recently summarized.136 The list is steadily increasing, although 
to date few have been validated in large patient cohorts.137 
Currently, no protein biomarkers have sufficiently high sensitiv-
ity or specificity for clinical detection of gastric cancer. However, 
since gastric cancers can have diverse etiologies, it is unlikely 
that aberrant expression of a single protein will be observed in 
every patient. Rather, a combination of proteins in a panel may 
improve overall sensitivity and specificity that individual mark-
ers lack.137

Conclusions

H. pylori-associated gastric cancer is a major worldwide health-
care burden. Although the incidence is declining in developed 
countries, over the coming decades the incidence of gastric can-
cer in developing countries will actually increase, largely because 
of aging of the population.138 Thus, it is in developing countries 
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