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Abstract

Introduction: Gastric cancer is very common in Colombia where it is the leading cause of death due to cancer. According to the Pelayo Corre, there is a cascade of stages from gastritis through atrophy, metaplasia and
dysplasia to cancer. In the intermediate stages, it might be possible to detect and prevent the development
of cancer, but there are no known markers in the blood other than pepsinogen to help to detect premalignant
stages and diagnose cancer. Research is the key to discovery of new biomarkers.
Objective: The aim of this work is to identify molecular markers (mRNA expression profiles) that distinguish
patients who have premalignant conditions (atrophy, metaplasia) and gastric cancer from patients who only
have gastritis.
Methodology: Following an initial endoscopy, patients in each stage of the Pelayo cascade fasted and
then provided a 2.5 ml blood sample which was analyzed for gene expression. All participating patients signed
consent forms prior to tests. The blood was placed in a PAXgene RNA Blood tube, RNA was extracted from
the blood and then analyzed. A microarray platform which identified changes in messenger RNA expression
was used to differentiate each of the stages described.
Results: Endoscopic findings for the eighty-nine patients included showed that 25 (28%) had advanced
gastric cancer, 7 (7.8%) had early cancer, 27 (30.3%) had chronic antral gastritis, 15 (16.8%) had chronic
pangastritis, three (3.3%) were suspected of having atrophic gastritis, six (6.6%) were suspected of having
intestinal metaplasia, and two (2.2%) had peptic ulcers. Pathological reports showed 20 cases of intestinal
adenocarcinoma (4 women), 11 cases diffuse cancer (7 women), 34 cases of chronic gastritis (22 women),
one case of atrophy alone, 18 cases of intestinal metaplasia (13 women), four cases of low-grade dysplasia,
and one case of high-grade dysplasia. The analysis of genetic expression found 48 genes which could be
used for differentiation of patients with chronic gastritis from patients with gastric cancer. We also found 14
genes that could be used to differentiate patients with diffuse cancer from patients with intestinal type gastric
cancer, and a group of 48 genes that could be used to differentiate patients with chronic gastritis from those
with intestinal metaplasia.
Conclusions: This is the first work anywhere in the world that has identified new biomarkers through the
genetic expression of messenger RNA which differentiates the stages of the Pelayo Correa cascade and
permits diagnosis of gastric cancer. It is likely that in the future they may be used as diagnostic and/or followup tests.
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INTRODUCTION
Gastric cancer is a highly prevalent multifactorial entity: in
2012 more than 1 million new cases were reported. About
two-thirds of these occurred in developing countries with
high-risk areas in East Asia (China and Japan), Eastern
Europe and parts of Central and South America. Globally,
gastric cancer (GC) is the fifth most common type of cancer,
and the second leading cause of cancer death, but in Japan it
is the leading cause of death from cancer. In Colombia the
incidence is 10 times higher than in the USA. (1-8)
According to the Lauren classification, gastric cancer
(GC) is histologically divided into two types: intestinal
and diffuse. These types of tumors have clear differences
from the epidemiological, histopathological, endoscopic,
clinical and pathogenetic points of view. (9-12)
Intestinal GC develops through a multi-step process that
can last 20 years or more. According to the gastric carcinogenesis model proposed by Correa, GC starts with chronic
gastritis produced by H Pylori, progresses first to gastric
atrophy, then to intestinal metaplasia followed by dysplasia and finally to cancer. In this model, gastric atrophy and
intestinal metaplasia are considered to be precursors of
GC. The final appearance of the tumor involves host genetic characteristics and environmental factors such as lack
of consumption of fruit and vegetables and excessive consumption of salt. Among the genetic factors are immune
response polymorphisms as well as their protein products.
These include genes for cytokines involved in the adaptive
immune system as well as pattern recognition factors that
initiate the innate immune system response. (13-15)
The main cause of high mortality in GC is late diagnosis.
When GC is detected early, 5-year survival rates are 90%,
but when it is detected in advanced stages, five-year survival
rates are only 15% to 20%. (16) Unfortunately, most GC
patients in developing countries are diagnosed in advanced
stages when the prognosis is very poor. Therefore, it is very
important to identify the premalignant states of atrophy,
intestinal metaplasia and dysplasia, and to monitor them.
Generally, when GC is at an early stage most cases are
completely asymptomatic. Unfortunately, many premalignant lesions and even early cancer can be asymptomatic. By
the time they present alarming symptoms such as bleeding
and weight loss which lead patients to see a physician, GC
is already well advanced.
Japan is a pioneer in GC screening programs whose goal
is to identify GC in early stages in order to provide timely
treatment. For this purpose, annual barium x-rays are used
for people over 40 years of age. (15, 16) In spite of this,
only 10% of the candidate population for screening is subjected to this method. (17) Another option is to perform
endoscopies (UGIE) on a massive basis, but symptomatic
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people’s acceptance of this is not ideal. The result is that the
vast majority do not undergo studies. This strategy is also
expensive and, in certain areas, it may not be cost effective.
Consequently, an ideal preventive measure would be to
have reliable serological markers to detect premalignant
conditions or GC before they reach the stage of advanced
cancer. A serological method aimed at noninvasive determination of atrophy was described more than 20 years ago.
It uses measurement of biochemically and immunologically distinct types of pepsinogens (PG) in blood serum
without the need for endoscopy. PGs are classified into two
types: PG-I, or PG-A, and PG-II, or PG-C. (18-20)
PG-I is produced by the principal and mucosal cells of the
glandular necks of the fundic glands. PG-II is produced by
these same cells as well as by the cells of the pyloric glands
and Brunner’s glands. When atrophy occurs in the proximal
gastric body, PG-I levels progressively decrease while PG-II
levels remain constant. This results in progressively decreasing
levels of PG-I and therefore in the ratio of PG- I/PG-II thus
reflecting the progression of normal gastric mucosa to chronic atrophic gastritis. When PG-I is less than 70 ng/mL and
PG-I/PG-II is less than three, atrophy is indicated. However,
this method is not widely accepted since it only seeks to detect
atrophy, does not identify intestinal metaplasia or cancer, is
costly and is not available in the medium. (18-22).
For these reasons, it is believed that there should be a
method of identifying people who are at risk for GC, or
who have early GC, that is not only simple but is also effective and inexpensive as is the case with testing for prostate
antigen as an indication for prostate cancer. The most clinically useful test would reach the largest number of patients
possible in an effective way. Such a test should be useful for
detecting atrophy and intestinal metaplasia, which increase
risk of GC, as well as for detecting gastric cancer itself. In
this regard, some groups recommend using the combination of determination of H. pylori infection and serum
biomarkers of atrophy, such as PG. Nevertheless, this
strategy will not detect patients with metaplasia or early
cancer since there are no serologic markers for these conditions. Consequently, research proposals are needed to
identify new blood markers that will identify the stages of
the Correa cascade of atrophy, metaplasia, dysplasia, early
gastric cancer and advanced cancer. (23)
Recently, trefoil (TFF) factors and serum pepsinogens
have been found to be new biomarkers of atrophy that have
higher yields than those of PGs alone. Trefoil (TFF) factors are small and stable molecules (12-22 Kd) secreted by
cells of the gastrointestinal tract. When TFF3 is combined
with PG-I and the PG-I/PG-II ratio, the combination’s
sensitivity for detecting atrophy is 80% compared to 67%
for PG alone. However, like PGs, this marker only evaluates
atrophy. (24, 25)
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Other biomarkers that have been considered are the
microRNAs (miRNA). These single-stranded RNA vary in
length between 21 and 25 nucleotides and have the ability to
regulate the expression of other genes by various processes
of RNA interference. It has been observed that the miRNA
pattern correlates with the number of circulating tumor cells
and that therefore the miRNA in peripheral blood may be
a tool for follow-up rather than for diagnosis of cancer. A
different miRNA pattern is observed in gastric cancer tissue
than in non-malignant tissue of the same patient. Still, this
cannot be used as a biomarker because the miRNA profile
is not identical in several studies nor was it evaluated in the
premalignant stages of the disease. (26)
As can be deduced, at present there are no blood markers that adequately allow identification of the stages of
the Correa cascade through which a patient progresses to
gastric cancer. This makes it imperative to develop research
protocols in this area in order to identify these biomarkers
so that they can be used in campaigns to prevent this terrible disease. GC kills more than 800,000 people around the
world every year, and in Colombia it accounts for 50,000
deaths, more than those resulting from violence, which
makes it the leading cause of cancer death. (1, 7)
On the other hand, it is known that malignant tumors and
metastatic cancer have a profound pathophysiological effect
on multiple organs and systems of the human body. Because

of this systemic effect, cancer is prone to mediate changes in
white blood cells due to either a direct response to signaling
by factors secreted by tumors, or to indirect reactions to physiological stress of white blood cells. (27) Since white blood
cells mediate immune responses, they are known to produce
antigens against tumor markers and to have a role in defense
against primary tumors and metastases. (28)
To a large extent, these responses are due to alterations in
cellular proteins encoded by genes from these white cells.
It is likely that white cells have specific programs for gene
expression in the presence of a tumor (Figure 1). If these
profiles can be correlated with the size, location or stage of
the cancer, and to its progression, they could serve as biomarkers for diagnosis of gastric cancer, for determining a
patient’s prognosis, for therapeutic control and/or as adjuvants for anticancer drugs (Figure 2).
The main objective of this study is to determine genetic
expression profiles from the whole blood of patients submitted to upper digestive endoscopy during the various stages of
the Correa cascade from gastritis to advanced gastric cancer.
GENERAL OBJECTIVES
The overall objective of this study is to identify molecular
markers (mRNA expression profiles) that distinguish cases
with premalignant conditions such as atrophy, metaplasia
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Figure 1. White cells are responsible for homeostasis, are mediators, or provide immune responses according to need.
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and gastric cancer from control patients with dyspepsia
who have gastritis alone. This information can then be
used to develop a blood-based expression profile that has
high sensitivity and specificity for differentiating healthy
patients, or those with gastritis alone, from those with gastric cancer or premalignant conditions. It is believed that
the identification of this expression profile will be of great
help for diagnosis of this serious disease.

Inclusion criteria

SPECIFIC OBJECTIVES

Controls
• Patients (n = 20) with endoscopic diagnoses of chronic
gastritis later confirmed by the pathology.

• Identify a gene expression profile for chronic atrophic
gastritis in the Colombian population.
• Identify a gene expression profile for complete intestinal metaplasia.
• Identify genetic expression profiles for low and high
grade dysplasia.
• Identify a gene expression profile for gastric cancer.
MATERIALS AND METHODS
This is a prospective study of patients of the gastroenterology department of the Hospital el Tunal-Universidad
Nacional de Colombia in Bogotá, Colombia. Patients were
included prospectively for upper gastrointestinal endoscopy (UGIE). All patients signed informed consent forms
after a thorough and detailed explanation of this study.
Both the research protocol and informed consent form
were approved by the Research Committee and the Ethics
Committee of Hospital el Tunal.
Before performing UGIEs, patients answered a previously designed form containing the most important epidemiological and demographic variables in gastric cancer.
All patients fasted prior to the procedure and the consumption of any medication or food was registered.
All digestive endoscopy was performed in the morning
following minimum fasting of 6 hours. Patients were placed
in the left lateral decubitus position. All patients received
two 20 mg applications of given lidocaine spray (Roxicaine,
topical solution, Ropsohn Therapeutics) to anesthetize the
pharynx. The following samples were taken for histopathological study: three from the antrum marked as tube A; two
from the corpus marked as tube B; and two for Helicobacter
pylori infection. Biopsies were then immersed in 10% neutral buffered formalin and sent to the hospital laboratory
for conventional processing pending histological diagnosis.
After endoscopy and recovery, a 2.5 mL sample of whole
blood was taken for study. Then, the gene expression profile
results were compared with pathology results to correlate
gene expression with the presence of atrophy, metaplasia,
dysplasia or cancer. In total, a sample size of 100 patients
was calculated by summing all groups.

Cases
• Patients (n = 20) suspected of gastric cancer because of
endoscopic evidence.
• Patients suspected of atrophy (n = 20), metaplasia (20
patients) or dysplasia (20 patients) because of endoscopic evidence.

Exclusion criteria
Cases and Controls
• Current use of narcotics
• Active infections of any kind
• Current use of prescription antibiotics
• History of any other type of cancer (excluding skin,
melanoma or gastric cancer)
• Patients with serious concomitant diseases and conditions such as congestive heart failure, strokes, decompensated diabetes, clotting disorders, cirrhosis, previous
gastric surgery, pregnancy or lactation, drug addiction,
alcoholism, psychiatric illnesses, HIV infections, use of
anticoagulants, and cancer (including those receiving
chemotherapy).

Study Procedures
After the initial endoscopy and with prior written consent,
cases and controls each provided a 2.5 mL sample of fasting
blood for gene expression analysis taken. The blood was
placed in a PAXgene blood RNA tube, inverted 8-10 times,
incubated at room temperature for 2-8 hours and stored at
-20° C (freezer) until the batch was shipped to the laboratory for processing and analysis.
RNA was extracted from the blood and analyzed using a
microarray platform that identified changes in messenger
RNA expression which allowed for differentiation of cases
from controls. (Figure 3).
Sample Processing
Sample processing involves isolation of total RNA using
modifications of standard procedures involving extraction
and organic purification. (29) The quality and quantity of
the total RNA was evaluated by spectrophotometry and
Agilent Bioanalyzer equipment. Total RNA samples were
amplified and prepared for microarray hybridization using
an in-vitro transcription reaction with labeled nucleotide.
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Figure 3. Graph showing how the sample collection process was analyzed.

The quality and quantity of the resulting complementary
RNA (cRNA) was also evaluated by spectrophotometry
and the Agilent Bioanalyzer kit prior to hybridization.
The cRNA was hybridized with DNA probes in SurePrint
G3 Human Gene Expression 8x60K v2 Microarrays from
Agilent Technologies. The study was performed with the
latest microarray version of the entire human genome
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which targets 50,599 different biological characteristics.
(29) After hybridization, the matrices were washed and
scanned in high resolution on the Agilent Microarray
SureScan scanner with extended dynamic range (Figure 4).
Finally, images of the microarray (Figure 5) were visually
inspected and data were obtained using the Agilent Feature
Extraction software. This software generates quality control
Original articles
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Figure 4. The image shows how the sample was processed until results.

metrics for each point in the array. Any matrix that did not
meet the strict quality standards were repeated to ensure
that the data were of the highest quality and that the set of
biomarkers were as reproducible and sensitive as possible.
Statistical Analysis

Raw data was normalized throughout the array by global normalization methods for constant matrix-to-array
comparison. Data analysis and identification of biomarkers
included statistical visualization through hierarchical clustering, heat maps, scatter plots and Venn diagrams. (30)
RESULTS

Statistical description of the variables described earlier
used percentages for qualitative variables and averages for
numerical variables.

In total, 89 patients with an average age of 59.5 years were
included. Fifty-seven percent were women. Reasons for
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Figure 5. The image shows how microarray technology is used for identification of genes involved in each stage of the Correa cascade.

endoscopy were dyspepsia (75% of patients), anemia
(4.4%), weight loss (5.56%), and upper digestive tract
hemorrhaging (8.8%).
Chronic antral gastritis was found in 27 of the patients
(30.4%), advanced gastric cancer in 25 (28%), chronic
pangastritis in 15 (16.8%), early cancer in seven (7.8% ),
suspicion of intestinal metaplasia in six (6.7%), suspicion
of atrophic gastritis in three (3.3%) and peptic ulcers in two
cases (2.2%).
When the pathological report was reviewed, chronic
gastritis was found in 34 patients (22 women); intestinal
adenocarcinoma in 20 (4 women); intestinal metaplasia
in 18 (13 women); diffuse cancer in 11 (7 women); lowgrade dysplasia in four patients, high-grade dysplasia in
one patient, and atrophy alone in one patient. Of the 89
patients, 56 (67.2%) had Helicobacter pylori infections.
Abdominal CT scans were done of 31 patients with early
or advanced gastric cancer. Six (25.8%) were found to be
in Stage I (early), four in Stage II, seven in Stage III, and 14
14
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(61%) in stage IV or with metastasis. Only four (12.9%) of
the 31 had tumors located in the cardia.
Genes that were differentially expressed between men
and women were removed from the analysis. Only genes
that were differentially expressed more than 1.5 times and
with T-test values of p 0.01 or less were used.
From all of the gene expressions evaluated in the blood
samples, we were able to discover differentially expressed
genes that can be used to distinguish patients with chronic
gastritis from patients with diffuse gastric cancer and from
those with intestinal adenocarcinoma. The following figures represent hierarchical trees, also called heat maps, that
allow discrimination of one pathology from others based
on genetic expression (Figure 6).
When we analyzed the pathological report and crosschecked all pathological samples against the 49 genes
found using a class prediction algorithm, a comparison of
the group of patients with chronic gastritis (n = 34) with
all patients diagnosed with intestinal or diffuse cancer (n
Original articles
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Figure 6. Genes expressed differently in gastritis compared to cancer (> 1.5-fold, p <0.003, 49 probes). The intensity values were normalized to the
median expression through 88 matrices. Red/orange = high expression in relation to median; Yellow = medium expression; Blue = low expression
relative to the median. AC: adenocarcinoma; DC: diffuse cancer.

= 31) showed overall accuracy of 97% and a sensitivity of
97% and a specificity of 97%.
In addition, we found that the gene expression profiles
in the blood of the two types of cancer are distinct from
those of gastritis. By also creating a hierarchical grouping of
gene expressions of diffuse cancer and adenocarcinoma, we
found 14 different genes that can almost completely differentiate between patients with diffuse cancer (n = 11) and
those with adenocarcinoma (n = 20). The exception was
one patient with adenocarcinoma (Figure 7).
To differentiate patients with chronic gastritis from
patients with intestinal metaplasia, an expression profile of
48 different genes was found. A comparison of this group of
genes with the pathological diagnosis found that the accuracy of the hierarchical grouping of these genes was 100%,
with no false positives or false negatives (Figure 8). (15)
DISCUSSION
Gastric cancer is the fifth cause of cancer in the world, but
the second cause of mortality indicating its high case fatality
rate. There are two main types of GC: diffuse and adenocarcinoma. The latter occurs most frequently and is known to go
through a sequence of events from chronic gastritis to advan-

ced cancer in the Correa cascade. (11) H. pylori infections,
other environmental factors and genetic factors are involved
in this cascade of events leading to cancer.
It takes a long time for advanced cancer to develop.
During this period, doctors can intervene to detect the
disease in initial stages of atrophy, metaplasia or dysplasia.
However, as we have seen, there is almost no evidence that
allows us to simply diagnose these stages. Some methods
have been described, but except for pepsinogen these are
not available in clinical practice. Moreover, pepsinogen
only allows assessment of whether the patient has atrophy.
In Colombia, pepsinogen does not seem to be very useful
according to the results recently reported by Martínez et al.
from the Colombian Cancer Institute. (23, 31)
It is clear that traditional cancer markers such as CAE
and CA19-9 are not useful for diagnosis of gastric cancer. (3) In the stomach, precise detection of malignant
and premalignant lesions, particularly atrophy, intestinal
metaplasia (IM) and dysplasia, always requires upper
digestive endoscopy with biopsies according to a standardized protocol that is frequently not followed in routine
clinical practice. In addition, mass screening programs
with endoscopy or fluoroscopy as in Japan are not widely
accepted. This may be one of the explanations of why the
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Figure 7. Differentially expressed genes in adenocarcinoma (AC) compared to diffuse cancer (DC) (> 1.4-fold, p <0.00005, 14 probes). The intensity
values were normalized to the median expression through 88 matrices. Red/orange = high expression in relation to median; Yellow = medium
expression; Blue = low expression relative to the median.
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to the median expression through 88 matrices. Red/orange = high expression in relation to median; Yellow = medium expression; Blue = low
expression relative to the median.
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disease is detected in more advanced states with poor
prognoses in the western world. (32)
For these reasons, the information that new biomarkers
can stratify the risk of gastric cancer is very important for
large-scale applications, especially in high risk populations
such as Colombia’s. The intention of this work is to look
for and find these biomarkers. To the knowledge of the
authors, this is the first such study in Colombian population which has identified a blood gene expression profiles
which clearly differentiate patients with gastritis from those
with gastric cancer. The identification of these 49 genes
should allow design of a test to diagnose whether or not a
patient has gastric cancer (Figure 1).
In addition, this study identified another gene expression
profile with 14 genes that discriminates whether a tumor is
diffuse or is intestinal adenocarcinoma.
It is also noteworthy that, although the initial intent was
to include a group of 20 patients with atrophy, during the
comparison of pathologies, there was only one patient with
atrophy. Many patients who endoscopically appeared to
have atrophy had pathologies compatible with gastritis or
intestinal metaplasia. This confirms that endoscopy is not
a very sensitive method for detection of either atrophy or
intestinal metaplasia and must therefore always be accompanied by a biopsy.
As discussed, pepsinogen is used for diagnosis of atrophy,
but in the literature no blood tests are described for the diagnosis of metaplasia. This work shows that a gene expression
profile made up of 48 genes (Figure 3) made it possible to
clearly differentiate patients with gastritis from those with
metaplasia. This seems fundamental, since every passing day
shows that intestinal metaplasia is more important than atrophy. It seems that this is the point of no return in the Correa
cascade after which the risk becomes much higher for cancer
rather than atrophy. This makes it not only in detection, but
follow-up, even more important. (33, 34)
Another interesting aspect of this study is that it allows
identification of patients with gastric cancer by means of a
blood test and then differentiates them into the two main
types: intestinal and diffuse. This is something that had not
been reported in the literature and that traditionally could
only be done with a gastric biopsy. This seems important
because of the potential for identifying gastric cancer or
risk GC in a patient with a blood test. This would be fundamental if one takes into account that many patients with
gastric cancer are asymptomatic when diagnosed.
This group intends to use these gene expression profiles
and their classifying algorithms as diagnostic tools. This
may be done either in the current form using RNA isolated from whole blood, or in a faster and more economical
test using measurements of expression levels of a subset
of genes or their protein products isolated from serum or

blood cells. Because early diagnosis of cancer or premalignant lesions is critical for clinical decisions, the use of these
trials could have profound implications for prevention and
management of this very common disease which generates
a high mortality rate.
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