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Abstract

Helicobacter pylori (H. pylori) infection involves multiple factors internal and external to the host. 
Among the internal factors, the immune response plays a fundamental role in the process of antigen 
presentation, lymphocytic response and cytokine-mediated regulatory response that are directly as-
sociated with disease progression and prognosis. Objective: To compare the immune response in gas-
tric mucosa of H. pylori infected patients in two regions comparing the risk of developing gastric can-
cer. Patients and Method: 71 participants with symptoms of dyspepsia were included. The samples 
for biopsies were collected from different regions of the gastric mucosa; the identification of H. pylori 
was carried out by culture and polymerase chain reaction (PCR) of the ureA gene. For the characteri-
zation of the histopathological alterations and the immunophenotyping of lymphocytes, anti-human 
mouse monoclonal antibodies specific for each antigen were used: T lymphocytes: CD3 and CD8; B 
lymphocytes: CD20; Natural Killer Cells: CD56; Macrophages: CD68. Results: The prevalence of H. 
pylori was 83.1%, the predominant types of gastritis were chronic gastritis and multifocal atrophic 

What do we know about the subject matter of this study?

Due to the lack of specificity of the symptoms, it is not possible to 
evaluate the characterization of the initial alterations caused by H. 
pylori, which makes the endoscopy an unlikely option to evaluate 
the mucosa in recently infected individuals.

What does this study contribute to what is already known?

The comparison between the inflammatory response in popula-
tions with differences in gastric cancer risks presents a pattern cha-
racterized by the bacterial load and the significant damage to the 
mucosa caused by this bacterium.
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gastritis with intestinal metaplasia (63.4% and 22.5%, respectively). The cellular response was charac-
terized mainly by polymorphonuclear lymphocytes and positive anti-CD8 reactivity both in stroma 
and epithelium. Conclusions: Multifocal atrophic gastritis was more prevalent in the high-risk region 
for gastric cancer (GC) while non-atrophic gastritis and the expression of CD3 and CD8 antigens in 
the foveolar epithelium was higher in the low-risk region.

Introduction

Helicobacter pylori (H. pylori) infection increases 
the risk for gastric adenocarcinoma. However, the de-
velopment of the neoplasm is the result of a prolon-
ged, multifactorial process preceded by precursor and 
presumably sequential histopathologic lesions with 
cellular alterations associated with gastric microenvi-
ronment abnormalities1,2.

H. pylori is an organism with large genomic di-
versity and high capacity to simultaneously colonize 
the same tissue with multiple strains3. Although no 
mutagenic or carcinogenic strain has been identified, 
immunological and molecular studies divide H. pylo-
ri into two groups based on the presence of the cagA 
antigen that is usually co-expressed by the vacuolating 
cytotoxin with greater capacity to damage the gastro-
duodenal mucosa and even increase the risk for gastric 
adenocarcinoma4,5.

In Colombia, some areas are at extremely high risk 
for the development of intestinal-type gastric adeno-
carcinoma, with prevalence rates of up to 150/100,000 
inhabitants6. In populations such as Pasto, which is at 
high risk for gastric cancer, H. pylori infection presents 
hyperendemic characteristics, with prevalence rates of 
52% at 2 years of age, increasing to 80% at 9 years of 
age, and in adults, a prevalence rate of 93% has been 
reported7. However, in populations such as Tumaco, 
which is at low risk for cancer, the prevalence of infec-
tion is very high but the incidence and mortality ra-
tes for gastric cancer are very low. This phenomenon 
was first observed in Africa and was called the “African 
enigma”8. In Colombia, the Atlantic and Pacific coasts 
have presented very low rates of gastric cancer despite 
high rates of H. pylori infection, which could be called 
“the coastal enigma”9.

In some populations, the causes that result in a 
carcinogenic effect are unknown, but not in others. It 
is known that the type of chronic gastritis caused by 
the infection varies considerably; patients with duode-
nal ulcer caused by H. pylori present gastritis predo-
minantly in the gastric antrum, without loss of glands 
(atrophy), called non-atrophic gastritis or diffuse an-
tral gastritis, without high rates of gastric cancer10. In 
other patients, gastritis is associated with multifocal 
atrophy and intestinal metaplasia, and they often pre-

sent high gastric ulceration and are at higher risk for 
gastric cancer11.

Although the influence of genetic factors is known12, 
epidemiological evidence in humans does not support 
a genetic basis as the primary determinant of gastric 
cancer. On the contrary, environmental factors appear 
to have a predominant influence and it is now postu-
lated that modulation of the bacterial-induced inflam-
matory response may be a major factor in the outcome 
of infection that could lead to the development of di-
sease and cancer13. The objective of this research was to 
compare the immune response in gastric mucosa of H. 
pylori-infected patients in two geographic regions with 
different risks of developing gastric cancer.

Patients and Method

Design
Descriptive study with 35 and 36 patients from the 

Municipalities of Pasto and Tumaco, respectively. Pa-
tients with symptoms of dyspepsia, with indication for 
endoscopic evaluation by esophagogastroduodenosco-
py as part of their diagnostic procedures, were selec-
ted. Seven biopsies were collected from each patient as 
part of the routine examination (one from the greater 
curvature at 5 cm from the pylorus, four from the les-
ser curvature immediately below the angular incisure, 
and two from the middle part of the gastric body) for 
the identification of H. pylori by microbiological and 
molecular methods, and for histochemical evaluation 
and immunophenotyping of lymphocytes in gastric 
mucosa.

Ethical Aspects
This research was approved by the Institutional 

Human Ethics Review Committee (CIREH) of the 
Universidad del Valle. Informed consent was obtained 
from all adult participants and the parents or guar-
dians of the minor, as well as the assent of the children.

Infection Definition
Molecular identification is considered the Gold 

Standard test for the identification of H. pylori, the-
refore, molecular, microbiological, and immunohis-
tochemical tests were performed, however, molecular 
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identification was considered the reference test to esta-
blish positivity for H. pylori.

H. pylori isolation and culture
Gastric mucosal samples were homogenized in 200 

μL of sterile saline solution 0.89%. The homogenized 
sample was seed on Columbia agar plates (Oxoid, Ba-
singstoke, Hampshire, England) with 7% defibrinated 
sheep blood plus H. pylori selective supplement (Dent) 
and incubated in microaerophilic conditions (6% O2, 
6% CO2, 88% N2) using a BBL CampyPak Plus Enve-
lope (Becton Dickinson, Nashville, TN, United States) 
at 37°C for 4 to 8 days [14]. The presence of translucent, 
non-hemolytic, 1-2 mm convex colonies growing in a 
microaerophilic environment was considered as crite-
ria for the identification of H. pylori. Colonies com-
patible with H. pylori were transferred to Columbia 
agar with 10% defibrinated sheep blood for purifica-
tion and identification by urease, catalase, oxidase, and 
Gram stain15.

DNA extraction from H. pylori isolates
From a Petri dish, colonies were transferred to 1.0 

ml of PBS 1X, pH 7.2, and centrifuged for 2 min at 
13000 rpm. The cell button was re-suspended in 300 
μL of extraction buffer [proteinase K 100 μg/ml, so-
dium dodecyl sulfate (SDS) 0.5%, ethylenediamine-
tetraacetic acid (EDTA) 5 mM, Tris-HCl 10 mM, pH 
8.0, and 276 μL of distilled water]; then, the cell but-
ton was homogenized and placed in a dry bath (Lab-
net®) at 56°C for 18 hr, and subsequently, proteinase 
K was inactivated at 76°C for 10 min and 5M NaCl was 
added. The supernatant was vortexed for 15 sec and 
centrifuged for 5 min at 13000 rpm; later, 2 volumes 
of absolute ethanol were added and centrifuged for 20 
min at 13000 rpm at 4°C, and then it was precipita-
ted by centrifugation at 13000 rpm. The decant was 
precipitated by adding 2 volumes of absolute ethanol 
70%, mixed and centrifuged for 5 min at 13000 rpm, 
and the supernatant was discarded. The DNA button 
was dried by inversion for 10 min. Precipitated DNA 
was re-suspended in 100 μl TE buffer (Tris 10 mMol, 
EDTA 1 mMol) and stored at -20°C.

Molecular identification of H. pylori
The molecular identification was performed by 

PCR amplification of the ureA gene [16]. The following 
reagents were added to a 0.2 mL tube: 1X PCR buffer 
(5X Green Buffer, Promega®), 1 μM MgCl2 solution 
(Promega®), 0.25 mM dNTPs [(dATP, dCTP, dGTP, 
dTTP); (Promega®)], 50 pmol/μL of each primer 
(forward 3’-AAGACATCACTATCAACG-5’/reverse 
5’-CCCGCTCGCAATGTCTAA-3’), 0.5 U of GoTaq 
DNA polymerase (Promega®), and 25 ng of H. pylori 
genomic DNA equal to 25 μL. Amplification was per-

formed at 95°C/2 min, followed by 35 cycles (95°C/1 
min, 54°C/1 min, and 72°C/1 min) and a final amplifi-
cation at 72°C/15 min.

Amplicon electrophoresis
All amplicons obtained in the PCR reactions were 

run on 2% agarose gel (SeaKem, FMC Biolabs) and 
stained with an ethidium bromide solution (Invitro-
gen, Carlsbad, CA, United States) at 0.5 μg/mL, in an 
electrophoresis chamber (Fotodyne Inc., Hartland, 
WI, United States). This process was performed by an 
EC-105 compact power supply (Thermo Fisher Scien-
tific Inc., Asheville, NC, United States) at 75V for 40 
min.

Histopathology
Each biopsy collected for histological evaluation 

was fixed, processed, and examined separately, with 
a dehydration protocol of 2hr, followed by kerosene 
embedding in the first 24hr. During the embedding 
process, the biopsies were carefully positioned so that 
the mucosal plane was perpendicular to the cut sur-
face, ensuring a proper evaluation of the entire mu-
cosal thickness. Histological cuts of 5μm thickness 
were made with a microtome (Accu-Cut ® SRM) and 
then three mucosal sections were placed in a slide pre-
viously treated with acid alcohol and heat-fixed at 56ºC 
overnight. The following evaluations were performed: 
gastritis severity, mucus depletion, infiltration by poly-
morphous nuclear neutrophils, presence of mononu-
clear cells and intraepithelial lymphocytes, epithelial 
damage, and abundance of H. pylori.

Histochemical evaluation of gastric mucosa
To determine the presence of H. pylori, the mo-

dified Giemsa stain was used to look for curved and 
spiral bacilli, and the negative cases were stained with 
the modified Steiner stain. To evaluate the integrity 
and amount of mucus of the superficial epithelium, 
Alcian Blue/PAS staining was used at pH 2.57. Each 
biopsy was evaluated separately, and the histopatho-
logical alterations found in the gastric mucosa were 
graded according to the visual analog scale described 
by Dixon17-19.

Lymphocyte immunophenotyping in gastric mucosa
Leukocyte antigens present in gastric mucosa-as-

sociated lymphoid tissue were identified and charac-
terized using mouse anti-human monoclonal antibo-
dies specific for each antigen. The markers evaluated 
included T-cell markers CD3 (M7193, Dako®, 1:400 
dilution) and CD8 (M7103, Dako®, 1:400 dilution) 
to characterize the T-cell infiltrate and CD20 (M0755, 
Dako®, 1:200 dilution) to characterize B-cells. CD56 
(M7074, Dako®, 1:400 dilution) was used to identify 

Helicobacter pylori - L. E. Bravo et al



403

Original article

Natural Killer cells, CD68 (M0814, Dako®, 1:200 di-
lution) to identify macrophages, and M0748 antibody 
(Dako®, 1:2000 dilution) to mark human myelopero-
xidase.

Immunohistochemistry was performed by indi-
rect immunoperoxidase assay at room temperature 
(24°C) in three steps. Endogenous peroxidase blocking 
was performed by incubating in 3% hydrogen peroxi-
de for 5 minutes. The histological sections were then 
incubated for 1 hour with monoclonal antibodies for 
human leukocyte antigens (CD3, CD8, CD20, CD56, 
and Myeloperoxidase). Subsequently, gastric mucosal 
samples were re-incubated with biotinylated goat anti-
mouse secondary antibody (Dako, Carpinteria, CA) 
for 30 minutes at 1:200 dilution, followed by the addi-
tion of the avidin-biotin-peroxidase complex (Dako, 
Carpinteria, CA) for 30 minutes. Diaminobenzidine 
hydrochloride (DAB) (Sigma, Saint Louis, MO) was 
used to detect the color of the end-product. Sections 
were counterstained with Harris hematoxylin accor-
ding to conventional methodology.

Quantification of the lymphocyte response in gastric 
mucosa

Four gastric mucosa biopsy specimens were collec-
ted from each subject to be studied (2 from the antrum 
and 2 from the body) and, from each fragment, three 
histological sections were placed on each slide for the 
quantification evaluation of lymphocytes in 12 histo-
logical sections. In each of the sections, the number 
and type of lymphocytes (T, B, Natural Killer, or Ma-
crophage) found in the lamina propria, lymphoid folli-
cles, and intraepithelial region were quantified accor-
ding to the following: for intraepithelial lymphocytes, 
the number, and type of lymphocytes found in an area 
containing 100 contiguous epithelial cells were coun-
ted; for lamina propria, the number of T and B lym-
phocytes found in 11 areas, each one of 0.0025mm2; 
and for lymphoid follicles, the number of T and B lym-
phocytes found in 8 areas were counted. The evalua-
tion was performed with an Olympus CH-2 microsco-
pe at 400X magnification. To delimit and quantify the 
areas, a calibrated eyepiece graticule 5x5mm (12-578 
Fisher®) and a stage micrometer calibration slide were 
used.

Data analysis
This work was planned to describe the histopatho-

logical characteristics and type of leukocyte antigen ex-
pressed in the lymphoid tissue associated with the gas-
tric mucosa. Mean, range, and proportion were used for 
descriptive data of the variables studied in the groups. 
Means were used for normal distributions and medians 
for nonparametric variables. Group comparisons were 
made using the chi-square test with statistical methods 

based on procedures described by Snedecor and Co-
chan20. The null hypothesis was rejected at p < 0.05 and 
was considered borderline at p = 0.05-0.10.

Results

Characterization of histopathologic alterations ac-
cording to the city of origin

Regarding the absence of prevalence of gastric mu-
cosal colonization by H. pylori, this was observed in 
11.4% and 16.9% of the samples from Pasto and Tu-
maco, respectively.

Multifocal atrophic gastritis, considered a precur-
sor lesion of gastric carcinoma, was significantly more 
frequent in Pasto compared with Tumaco (p = 0.55) 
(Table 1). There were no differences in the prevalen-
ce of H. pylori infection or other parameters evalua-
ted according to the place of origin. Figure 1 shows 
the mixed inflammatory response of lymphocytes, 
plasmacytes, and polymorphonuclear cells (PMNs) to 
hematoxylin-eosin staining.

Characterization of leukocyte antigen expression 
according to the presence of H. pylori

Myeloperoxidase and CD8 antigen expression on 
lymphocytes was significantly higher in the lamina 
propria of patients in whom H. pylori was not identi-
fied during histopathological evaluation (p = 0.07 and 
p = 0.01, respectively). The positivity of the remaining 
markers was similar for leukocytes located in lymphoid 
follicles, mucous neck cells, and foveolar cells (Table 2). 
Figure 2 shows the presence of CD20+ lymphocytes and 
CD56+ Natural Killer cells in the glandular epithelium.

Characterization of leukocyte antigen expression 
according to the city of origin

The expression of CD3 and CD8 antigens in leu-
kocytes located in the foveolar epithelium was higher 
in Tumaco than in Pasto (p = 0.03 and p = 0.06, res-
pectively). When evaluating the lamina propria, it was 
found that in Pasto, NK lymphocytes (p = 0.06) and 
CD3 lymphocytes were higher. In Tumaco, the most 
frequent expression of antigens was myeloperoxidase 
and B lymphocytes, but only macrophages showed a 
significant difference (p = 0.007) (Table 2).

Finally, Figure 3 shows the presence of CD8+ lym-
phocytes in the glandular epithelium of the antral gas-
tric mucosa and CD3+ lymphocytes in the lymphoid 
follicles.

Discussion

The type of chronic gastritis caused by H. pylori 
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infection varies considerably; in our study, we repor-
ted two geographic regions with a high prevalence of 
H. pylori infection that show differences in the type of 
gastritis. In Tumaco, non-atrophic gastritis was more 
frequent, similar to that described in patients with 
duodenal ulcer caused by H. pylori who have predo-
minant gastritis in the gastric antrum without atrophy, 
called non-atrophic gastritis or diffuse antral gastritis, 
and other investigations have demonstrated that these 
patients do not present high rates of gastric cancer [10]. 
In Pasto, the predominant gastritis was associated with 
multifocal atrophy and intestinal metaplasia, condi-
tions where gastric ulceration with a high risk of gastric 
cancer may be frequent21.

In Colombia, there is great variability in the preva-
lence of gastric cancer and precursor lesions in diffe-
rent regions, such as the Andean region, which, com-
pared with the Atlantic Coast, has a high frequency of 

gastric cancer and multifocal atrophic gastritis. Cities 
located in the mountain regions of Colombia have a 
significantly higher prevalence of multifocal atrophic 
gastritis compared with the Atlantic coast (25.9% vs. 
9.5%). Similarly, in the Andean region, the prevalen-
ce of gastric cancer is higher than in the Atlantic coast 
(11.1% vs. 4.7%)9.

It is notable that, when comparing the two regions, 
their results are similar. The coastal regions of our cou-
ntry, the Atlantic and Pacific coasts, have different types 
of gastritis compared with the Andean zone. In a delimi-
ted geographical region such as Nariño, the risk of gas-
tric cancer and its precursor lesions is generalized and 
seems to be limited to the Andean mountain region. In 
Tumaco, as in the Atlantic Coast, the risk of gastric can-
cer and precursor lesions is lower, with a type of predo-
minantly non-atrophic gastritis similar to that described 
in North America and European countries. Although in 

Table 1. Relative frequencies (N%) of histopathological characteristics of gastric mucosa.

Characteristics City Absent Slight Moderate Severe p Value

Polymorphonuclear neutrophils in lamina propria Pasto 2.9 8.6 25.7 62.9 0.176

Tumaco 19.4 8.3 22.2 50.0

Lymphocytes in lamina propria Pasto 2.9 68.6 28.6 0.319

Tumaco 5.6 8.3 66.7 19.4

Lymphocytes in faveolar epithelium Pasto 82.9 14.3 2.9 0.366

Tumaco 69.4 16.7 11.1 2.8

Mucus depletion Pasto 5.7 22.9 11.4 60.0 0.055

Tumaco 22.2 5.6 16.7 55.6

Chronic multifocal atrophic gastritis Pasto 45.7 37.1 8.6 8.6 0.009

Tumaco 80.6 11.1 8.3

Intestinal metaplasia Pasto 68.6 14.3 5.7 11.4 0.150

Tumaco 86.1 11.1 2.8

H. pylori Pasto 11.4 22.9 31.4 34.3 0.154

Tumaco 16.9 14.1 31.0 38.0

Figure 1. Hematoxylin-Eosin stai-
ning of the antral gastric muco-
sa, lamina propria and ganglion 
epithelium where the inflammatory 
response of mixed type with lym-
phocytes, plasmocytes and poly-
morphonuclear is evident.
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the United States the Afro-descendant ethnic group in 
Louisiana is at higher risk of gastric cancer than the rest 
of North America22, we see that ethnicity does not make 
a difference either, because the white population of Eu-
ropeans and North Americans shares the low risk of the 
Afro-descendant population of Colombia.

The presence of H. pylori also does not explain the-
se differences in the prevalence of precursor lesions 
between the mountain and coastal regions of Nariño. 
In order to answer this question, the distribution of H. 
pylori genotypes associated with virulence was evalua-
ted in a prospective design in these two populations 
which showed differences in the risk of gastric cancer, 
but a similar prevalence of H. pylori infection [11]. It was 
found that in patients from Pasto at high risk for the 
development of gastric cancer, H. pylori genotypes as-
sociated with virulent cagA-positive and vacA s1 and 
m1-positive strains were significantly more frequent 
than in Tumaco.

The above findings suggest that H. pylori genoty-
pes associated with virulent phenotypes may partially 
explain the differences; other factors such as human 

genetic polymorphism and diet are suspect and may 
play a key role in the complex process of gastric car-
cinogenesis and should be studied in future research.

Unlike the small intestine and colon, in the normal 
gastric mucosa, there is no lymphoid tissue associated 
with the mucosa23, however, when present, it is usua-
lly related to the different types of gastritis. Leukocytes 
could play a fundamental role in the inflammatory 
process. There are few studies aimed at characterizing 
the associated leukocyte subpopulations and the in-
flammatory response in gastric mucosa but, in general, 
they show controversial results. These differences may 
be explained by the difficulty in standardizing measu-
rement methods23.

In the inflamed mucosa of the small intestine and 
colon, most of the intraepithelial cells express a phe-
notype of probably cytotoxic T lymphocytes, whereas, 
in the lamina propria, the helper T lymphocyte phe-
notype predominates. In line with these findings, the 
results of this study show in the stomach a lymphocyte 
distribution similar to that described in the intestine in 
cases of gastritis associated with H. pylori infection24.

Figure 3. Immunohistochemical 
staining with monoclonal antibo-
dies to identify CD3+ and CD8+ 
leukocytes.

Figure 2. Immunohistochemical 
staining with targeted monoclonal 
antibodies to identify CD20+ B 
lymphocytes and monoclonal anti-
bodies for Natural Killer CD56+ cell 
identification.
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In both gastric body and gastric antrum biopsies, 
intraepithelial cells expressed almost exclusively the 
probably cytotoxic T phenotype. In contrast, in the 
extraepithelial spaces, there was a greater presence 
of B lymphocytes and the helper T phenotype. The-
se results differ from other studies which describe a 
predominance of CD4+ lymphocytes and agree with 
quantifications that show a predominance of CD8+ 
lymphocyte subpopulation group and that patients 
with H. pylori-associated gastritis present an increased 
number of NK cells, coinciding with increased levels of 
interleukins IL-4 and IL-624.

In murine models infected with H. felis25, it is ob-
served that the associated gastritis is characterized by 
the presence of CD4+ and CD8+ lymphocytes and, 
during the experiments of urease immunization, it 
was observed that the increase of CD8+ cells may 
be related to the presence of residual bacteria on the 
apical surface or between epithelial cells. This obser-
vation is relevant since, in our work, we found that 
in some cases in the absence of H. pylori, the inflam-
matory response in the gastric mucosa was associated 
with CD8+ and CD56+ lymphocytes. This finding 
could also indicate that residual bacteria not detected 
with the histochemical stain used to evaluate H. pylori 
were present or that the immune response was effi-
cient and successfully controlled the colonization of 
the bacteria and that resolution of the inflammation 
may take time.

The characterization of the initial alterations cau-
sed by H. pylori infection is impossible to evaluate in 
humans due to the lack of specificity of the symptoms 
associated with acute symptoms and because probably 
most of the acquisitions of the infection may be as-
ymptomatic, making unlikely the indication of perfor-
ming an endoscopy that would eventually help us to 
evaluate the gastric mucosa in individuals who recently 
were infected. In this work, we found in most of the 
gastric mucosal specimens an inflammatory response 
with a predominance of mononuclear cells. In some 
of them, a predominance of polymorphonuclear neu-
trophils was evident, but with the presence of lympho-
cytes, plasmacytes, and macrophages.

The clinical picture of chronicity was already es-
tablished and the presence of PMNs was the process 
manifestation of acute activity probably associated 
with the continuous contact with the noxa that is 
damaging. In animal models of gastritis induced by 
H. pylori and H. felis, it is described that neutrophils 
predominate in the initial stages of infection and later 
mononuclear leukocytes are the predominant cells. 
In humans, it is very difficult to study early gastritis; 
in general, the processes already installed are evalua-
ted and coincide with what has been observed in mu-
rine models26.

In this work, we found significantly higher NK cell 
activity (CD56+) in the foveolar epithelium of pa-
tients with chronic atrophic gastritis and in the lamina 
propria of the gastric mucosa of patients from Pasto. 
These results are important because of the possibili-
ty that NK cells participate in the etiopathogenesis of 
multifocal atrophic gastritis through an autoimmune 
mechanism. NK cells are functionally relevant in the 
initial defense against many infectious agents2]; their 
activation and associated secretion of IFN-γ (interfe-
ron-gamma) play an important role in macrophage ac-
tivation through an antigen-independent mechanism 
as they promote the expansion of the T-cell response 
by an antigen-dependent process to collectively form a 
Th1-type response profile 27.

Direct contact of lymphocytes and H. pylori is con-
sidered to induce IFN-γ production and efficiently 
stimulate NK cell activity 28, probably by the action of 
H. pylori lipid A which also induces the production of 
tumor necrosis factor-alpha. Paradoxically, this type 
of lipid has strong immune activity and low endotoxin 
activity29. CD56+ cells seem very important in the gas-
tric mucosal immune response because they were de-
tected in all compartments, foveolar and mucous neck 
cells, lamina propria, and lymphoid follicles, however, 
the interleukins associated with their presence could 
contribute to cell damage and be cofactors of glandular 
destruction and atrophy.

In conclusion, in our study, we found that the lym-
phoid tissue associated with the gastric mucosa is pre-
dominantly diffusely organized in the lamina propria 
with frequent formation of lymphoid follicles. Our 
comparison of the inflammatory/immune response in 
two populations at risk for gastric cancer describes a 
pattern characterized by increased bacterial load and 
increased mucosal damage to the epithelium, proba-
bly representing direct bacterial damage. The cellular 
response included a nonspecific acute response charac-
terized mainly by PMNs, as well as a specific immune 
response, especially T lymphocytes, both intraepithe-
lial and stromal. Multifocal atrophic gastritis was more 
frequent in Pasto and non-atrophic gastritis in Tuma-
co. The immunological responses to H. pylori infection 
are most probably related to this dichotomic result.
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