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Abstract

Introduction: Cytokeratins (CKs) have been associated with precancerous and cancerous gastric lesions in patients with Helicobacter pylori-
associated chronic gastritis, making them useful for diagnosing epithelial tumors.

Methodology: A retrospective study was conducted utilizing 200 formalin-fixed paraffin-embedded gastric biopsy samples collected from the
lesser curvature of the stomach. Samples from the control group, patients with H. pylori infection, and patients with H. pylori-associated
gastritis, with complete and incomplete intestinal metaplasia (IM) were immunostained. Monoclonal antibodies were utilized to determine the
expression of CK7, CK20, and Ki-67.

Results: Patients infected with H. pylori had strong CK20 expression on the surface, and weak CK7 expression on the surface and deep glands;
while non-specific chronic gastritis patients had weak focal CK7 expression and strong CK20 expression. The normal gastric mucosa of patients
in the control group had relatively weak CK7 expression, restricted to a few cells in the neck and deep glands. CK20 showed diffuse strong
reactivity on the surface. On the other hand, patients with complete IM showed a CK7 staining pattern that was either negative or weakly focal
on the surface and crypts associated with diffuse surface CK20 and focal crypt staining corresponding to gastric type IM. The Ki67 proliferating
index was low (< 15%) in H. pylori infected patients, high (> 30%) in patients with incomplete IM, and intermediate (16-30%) in patients with
complete IM.

Conclusions: These results indicate a significant link between the expressions of CK7/CK20 and Ki67 in patients aftlicted with H. pylori and
IM.
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Introduction
Helicobacter pylori (H. pylori) is a helical, Gram-

epithelial cells. They are genetically predetermined, and
the level of epithelial differentiation influences

negative, microaerophilic, flagellated bacterium. It is
capable of generating a biofilm and changing from a
spiral shape to its coccoid form. It has a strong
correlation ~ with  intestinal  metaplasia  (IM),
precancerous gastric atrophy, and gastric inflammation
[1,2]. H. pylori infections result in a variety of
inflammatory processes such as the infiltration of
macrophages, neutrophils, regulatory T-cells, and
natural killer cells which have a substantial impact on
the gastric milieu [3]. H. pylori-related chronic gastritis
causes numerous structural alterations in the stomach
epithelium, including variations in the production of
cytokeratins (CKs), regardless of the fact that more than
80% of infected individuals are asymptomatic [4,5].
CKs are a family of key cytoskeleton proteins and
are intermediate filament subunits that are found in

expression [6]. Almost all simple epithelia solely
express cytokeratin 7 (CK7) — a 54 kD (intermediate-
sized and basic) polypeptide. It is present in normal
epithelia including those of the bladder, bile ducts,
cervix, breasts, and lungs; but is absent from
gastrointestinal and squamous epithelia [7]. The gastric
surface foveolar epithelium, intestinal villi, and crypt
epithelium all contain cytokeratin 20 (CK20), which is
an acidic protein of intermediate size. Inflammatory,
preneoplastic, and neoplastic illnesses of the
gastrointestinal tract have been associated with a
variety of alterations in the expression and distribution
of CKs within the gastrointestinal tract [6].

Both CK7 and CK20 display a constrained pattern
of expression. CK7 and CK20 reactivity of the gastric
mucosa is related to the various stages of cell
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development. Based on previous studies, CK7 is
transiently neoexpressed in metaplastic and neoplastic
gastric epithelial cells. CK7 is expressed in the fetus but
is generally missing in healthy adults [5]. The
development of metaplasia and neoplasia may
consequently be accompanied by a fetal-like
dedifferentiation of cellular phenotypes, as suggested
by CK7 neoexpression in the stomach [8].

The aim of this study was to examine the expression
of CK 7/20 and the Ki67 proliferative activity index in
the altered stomach epithelium of individuals with
chronic gastritis and H. pylori infections, both of which
are linked to IM. A study of this nature is important
because it will aid future research aimed at early
detection of gastric cancers. Furthermore, it strengthens
and supports previous exploratory studies in this field.

Methodology

A retrospective study was conducted from January
2016 until January 2017 on 200 formalin-fixed,
paraffin-embedded specimens of gastric biopsies taken
from the lessor curvature (corpus and antrum) of the
stomach. These specimens were retrieved from the
histopathology laboratory at Rizgary Teaching Hospital
and private histopathology labs in Erbil situated in the
Kurdistan Region of Iraq. The study was approved by
the Ethics Committee at the College of Pharmacy in
Hawler Medical University (approval no. HMU-PH-EC
No: 191105/100).

Figure 1. Flow chart showing sample collection strategy for the
study.

200 samples taken from
histopathology laboratories

187 patients who had gastritis either
with or without H. pylori

Do patients have one or more
of these exclusion criteria?

1. History of recent antibiotic use or non-steroidal anti-
inflammatory drugs at least 2 weeks prior to the endoscopy
2. Prior gastric surgery

3. Presence of ulcers, atrophy, dysplasia, or carcinoma

4. Suboptimal biopsies (e.g., tiny fragmented tissue, lack of
superficial or deep epithelial components)

—

158 samples

l l l |

10 samples with H.
pylori gastritis with
complete IM

13 control group samples with no
histological changes in the gastric mucosa

Yes

29 samples discarded e

20 samples with H.
pylori gastritis with
incomplete IM

52 samples with non-
specific gastritis

76 samples with
H. pylori gastritis

IM: intestinal metaplasia.
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Demographic data and clinical information were
obtained from patient records. This information
included the patients’ age, gender, and the location of
the extracted biopsy. The modified Sydney system was
used to assess the type of gastritis, the level of
neutrophil infiltration, lamina propria mononuclear cell
infiltration, IM, and glandular atrophy [9]. Biopsies that
revealed IM were categorized in accordance with
earlier suggestions made by Shen et al. in 2002 [10].
The slides were reviewed by two experienced
pathologists. Figure 1 describes the flow of the data
collection processes.

The control group consisted of patients with no
histological changes in the gastric mucosa. Twenty-
nine cases were excluded from the study via the criteria
listed in Figure 1. Therefore, the total number of
subjects for the study was 171 patients. These included
71 men (41.5%) and 100 women (58.5%). Furthermore,
78 of the patients (45.6%) were above 40 years old,
whilst 93 patients (54.4%) were under 40 years old. An
esophagogastroduodenoscopy was conducted on all
samples using biopsies obtained from the lessor
curvature (corpus and antrum). Rapid urease testing,
histological analysis, immunohistochemistry, and
Giemsa stain were used to identify the presence of H
pylori (Figure 2). Histology and at least one other
diagnostic technique had to be positive for a patient to
be classified as H pylori positive.

Histological evidence of IM was documented in
each case and defined as being either type I, II, or III.
Alcian blue (pH 2.5) analysis utilizing high iron
diamine (AB-HID) stained sections, which revealed the
presence of acid mucin within goblet cells, was used to
determine the presence of IM. Goblet cells alternating
with absorptive enterocytes were found in type I or full
IM. Columnar cells would be alternating with goblet
cells in type II and type III, or incomplete IM. The
columnar cells containing sialomucins were primarily
found in type II IM, and were identified with a blue
stain. Alternatively, they contained sulphomucins
found in type III incomplete IM which was identified
via a black stain.

Only 30 cases with sufficient areas of IM could be
studied for both AB-HID staining. In this process, four
sections that were 4 mm thick were taken from each
block of paraffin embedded tissue. The sections were
put on an ordinary slide for hematoxylin and eosin
(H&E) staining in order to confirm the diagnosis of H.
pylori-positive gastritis; other sections were put on the
charged slides for immunohistochemistry (IHC)
staining. Only samples permitting measurements of the
complete mucosal thickness were chosen for the
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immunohistochemical research on consecutive sections
of the selected stomach biopsy for each patient in order
to detect the expression of CK7 and CK20, and the Ki67
proliferative index. H. pylori positive gastritis identified
via different staining techniques (H&E, Giemsa, and
IHC) is presented in Figure 2.

Immunohistochemistry

A standard three-step streptavidin-biotin complex
staining procedure was used on the charged slides after
the sections were sliced. The slides were rehydrated in
100%, 96%, and 70% ethanol, and water after being
deparaffinized for 3 to 10 minutes in xylol. Endogenous
peroxidase was inhibited in a mixture of ethanol with
3% hydrogen peroxide for 10 minutes. After the slides
were rinsed in water, antigen retrieval was done via heat
treatment by microwaving the slides for 10 minutes in
a citrate-buffered solution (10 mmol/L, pH 6.0).
Afterwards, the slides were rinsed in phosphate-
buffered saline (PBS).

The tissue sections were incubated for 1 hour at
room temperature in 1.5% bovine serum albumin
(BSA) to block non-specific antigen sites. The sections
were stained with one of two monoclonal antibodies.
The first one was CK7, which is a monoclonal mouse
anti-human CK7 clone (OV-TL 12/30 Code M7018)
supplied by the Danish company Dako (Dako, Santa
Clara, United States). The second monoclonal antibody
was CK20, which is a monoclonal mouse anti-human
CK20 clone (Ks 20.8 code M7019) that was also
obtained from the same manufacturer (Dako, Santa
Clara, United States).

The sections were stained with Ki67 monoclonal
antibodies which were manufactured in the United
States by Dako (Santa Clara, United States). These
antibodies were diluted (1:100) with 1% BSA. Ki67
was used to assess cell proliferation because it allows

J Infect Dev Ctries 2024; 18(7):1032-1040.

for an approximation of the cell population's growth
fraction.

Immunohistochemical staining was performed
using a streptavidin-biotin/horseradish peroxidase
detection kit in line with the manufacturer’s
instructions. This kit was once again provided by Dako
(Dako, Santa Clara United States). After gently rinsing
the sections with distilled water, they were
counterstained with hematoxylin. Positive and negative
controls were included in each IHC run. The positive
control samples were composed of normal colonic
epithelium, and the majority of primary tumors with an
adjacent normal epithelium served as internal control.
A duplicate section stained with distilled water rather
than the primary antibody served as the negative
control.

Evaluation of the IHC was done by two
independent, blinded pathologists who had no prior
knowledge of the clinical and endoscopic data. These
pathologists described the mucosal distribution in the
surface epithelium, foveolar region, glandular necks,
and deep glands of the slides. Furthermore, they also
documented the intensity of cytoplasmic staining which
was divided into one of three categories (no staining,
weak, moderate-strong staining). The expression
pattern of each of the analyzed CK samples were
categorized into being either focal or diffuse. The
percentages of immunoreactive cells in each mucosal
compartment were also semi-quantitatively evaluated
and ranked for CK. These results were subdivided into
one of three groups (< 10% (+), 10-20% (++), and >
20% (+++)) [6].

Cell proliferation was evaluated in all the groups
and defined as the percentage of cells with positively
immunostained nuclei. This consisted of counting at
least 1000 cells in 10 different consecutive high-power
fields (400x magnification). The Ki67's proliferation
index was divided into three groups: low (Ki67: 15%),

Figure 2. H. pylori positive gastritis observed with different staining techniques. A. hematoxylin and eosin (H&E); B. Giemsa; C.

immunohistochemistry (IHC).
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intermediate (Ki67: 16-30%), and high (Ki67 > 30%)
[11].

Statistical analysis

All patient variables were recorded in an Excel
spreadsheet. The data were analyzed using a Chi-square
independence test, and contingency tables were
generated using the Statistical Package for the Social
Sciences (SPSS) program version 26. Chi square tests
for 2x3, 3x3, or 3x4 contingency tables did not support
calculations when a cell value of zero occurred. As a
result, the Graph Pad Software version 10 was used to
do a goodness-of-fit analysis (differences between
observed and predicted cases). If the p-value was less
than 0.05, the data was determined to be statistically
significant.

Table 1. Expression of cytokeratin 7.

J Infect Dev Ctries 2024; 18(7):1032-1040.

Results

The groups in the study exhibited different patterns
of expression for both CK7 and CK20 in different
regions. Notable differences were also observed in Ki67
proliferation (Tables 1 and 2)

In the control group, there was an absence of CK7
expression on the surface, foveolar and glandular neck,
with weak focal staining in the deep glands (23.08%).
On the other hand, CK20 showed strong diffuse
reactivity (76.92%) and weak focal reactivity (23.08%)
on the surface and foveolar epithelium, while it was
negative in the deep glands (Figure 3). Furthermore, the
Ki67 proliferating index was low (Ki67 < 15%) as can
be seen in Figure 4.

No. of chronic

No. of H. pylori +ve (%)

CK7 No. of controls

Total p value

(%) gastritis (%) Total With incomplete IM  With complete IM
Surface epithelium
Diffuse (0) -ve (0) -ve (0) -ve 3 (15) +++ (0) -ve 3 0.01
Focal (0) -ve 2(3.8) + 6(7.9)+ 4 (20) +++ (0) -ve 12 0.02
No stain 13 (100) 50 (96.2) 70 (92.1) 13 (65) 10 (100) 156 0.01
Foveolar epithelium
Diffuse (0) -ve (0) -ve (0) -ve 3 (15) +++ (0) -ve 3 0.01
Focal (0) -ve 3(5.8)+ 7(9.2)+ 4 (20) +++ (0) -ve 14 0.01
No stain 13 (100) 49 (94.2) 69 (90.8) 13 (65) 10 (100) 154 0.01
Glandular neck
Diffuse (0) -ve (0) -ve 14 (18.42) ++ 3 (15) +++ (0) -ve 17 0.01
Focal (0) -ve 5(9.6) + 12 (15.79) ++ 12 (60) ++ 2 (20) + 31 0.01
No Stain 13 (100) 47 (90.4) 50 (65.79) 5(25) 8 (80) 123 0.01
Deep glands
Diffuse (0) -ve (0) -ve 12 (15.79) ++ 5(25) +++ (0) -ve 17 0.01
Focal 3(23.08) + 3(5.77)+ 20 (26.32) ++ 12 (60) ++ 3(30)+ 41 0.01
No stain 10 (76.92) 49 (94.23) 44 (57.89) 3 (15) 7 (70) 113 0.01
Total 13 (7.60) 52 (30.41) 76 (44.44) 20 (11.70) 10 (5.84) 171

The results revealed that the p values calculated from the Chi-square contingency tables to represent the associations among expressions of CK 7 with various
sites were as follows: for surface epithelium: ¥> = 248.04, p = 0.0001; foveolar epithelium: y> = 248.67, p value = 0.0001; glandular neck: > = 113.56, p value =
0.0001; and deep glands: 3> = 85.09, p value = 0.0001. These results indicate a statistically significant difference in CK7 expression in various sites between the
different groups studied. The percentages of immunoreactive cells found in each compartment were quantitatively divided into one of three groups (< 10% (+):
10-20% (++): and > 20% (+++)). CK: cytokeratin; IM: intestinal metaplasia.

Table 2. Expression of cytokeratin 20.

No. of controls  No. of Chronic

No. of H. Pylori +ve (%)

CK2 (%) Gastritis (%) Total With incomplete IM  With complete IM Total p value
Surface epithelium

Diffuse 10 (76.92) +++ 40 (76.92) +++ 26 (34.21) +++ 12 (60) +++ 9 (90) +++ 97 0.001
Focal 3(23.08) + 12 (23.08) ++ 29 (28.16) ++ 8 (40) +++ 1(10) ++ 53 0.001

No Stain 0-ve 0-ve 21(27.63) 0-ve 0 -ve 21 No significance
Foveolar Epithelium

Diffuse 10 (76.92) +++ 38 (73.08) +++ 20 (26.32) +++ 10(50) +++ 8(80) ++ 86 0.001
Focal 3(23.08) + 14 (26.92) ++ 26 (34.21) + 6(30) +++ 1(10) ++ 50 0.001

No Stain 0 -ve 0 -ve 30(39.47) 4(20) 1(10) 35 0.001
Deep glands

Diffuse 0-ve 0-ve 0 -ve 0-ve 0-ve 0 No significance
Focal 0 -ve 12 (23.8) + 10 (13.16) + 14(70) ++ 2(20) ++ 38 0.001

No Stain 13 (100) 40 (76.92) 66 (86.84) 6(30) 3(80) 113 0.001
Total 13 (7.60) 52 (30.41) 76 (44.44) 20 (11.70) 10(5.84) 171

The p values were calculated from the contingency table of Chi-squares and represent the associations among expressions of CK 20 with various sites as follows:
surface epithelium: y> = 51.09, p value = 0.0001; foveolar epithelium: 3> = 24.11, p value = 0.0001; and deep glands: 3> = 160.04, p value = 0.0001. These results
revealed highly significant associations among expressions of CK 20 with various sites. The percentages of immunoreactive cells found in each compartment
were quantitatively divided into one of three groups (< 10% (+), 10-20% (++), and > 20% (+++)).

1035



Ismael ez al. — CK7/20 and Ki67 expression in H. pylori gastritis

J Infect Dev Ctries 2024; 18(7):1032-1040.

Figure 3. CK7 pattern in the control group (A) and CG group (B). CK20 pattern in the control group (C) and CG group (D). These images

In patients with non-specific gastritis, CK7 showed
a weak focal staining pattern on the surface (3.8%),
foveolar (5.8%), glandular neck (9.6%), and in the deep
glands (5.77%). In contrast, CK20 showed strong
diffuse (76.92%) and moderate focal (23.08%) staining
on the surface epithelium; as well as a strong diffuse
(73.08%) staining and moderate focal (26.92%)
staining in the foveolar epithelium and deep glands.
Furthermore, there was a weak focal pattern in the deep
glands (23.8%) as can be seen in Figure 3. The Ki67
proliferating index was low (Ki67 < 15%) (Figure 4).

In patients with H. pylori gastritis, three patterns for
CK7/20 were observed. The predominant CK7 pattern
was mostly an absence of staining on the surface
(92.1%), foveolar epithelium (90.8%), glandular neck
(65.79%), and deep glands (57.89%). The second most
common pattern was an absence of staining on the
surface and foveolar epithelium, while it showed
moderate diffuse (18.42%) staining on the glandular
neck and in the deep glands (15.79%). The third pattern
showed weak focal (7.9%) staining on the surface and
foveolar epithelium (9.2%); and moderate focal
staining in the glandular neck (15.79%), and in deep
glands (26.32%).

A proportion of samples had a strong diffuse
(34.21%) CK7 pattern on the surface and foveolar
epithelium (26.32%), while it was absent in the deep
glands. The second pattern was moderate focal staining
on the surface epithelium (28.16%) and weak focal
staining on the foveolar epithelium (34.21%) and in the
deep glands (13.16%). The third pattern was an absence

Figure 6. CK7 pattern in incomplete IM (A, C, and D), and CK20 pattern (B), observed with a 100x microscope.
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of staining on the surface (27.63%), foveolar epithelium
(39.47%), and the deep glands (86.84%) (Figure 5).
The type of immunostaining was divided into three
patterns based on the type of the IM and whether it was
incomplete or complete IM. In the case of incomplete
IM, the pattern for CK7 on surface epithelium of most
of the samples showed an absence of staining (65%),
followed by either having focal (20%) or diffuse (15%)

Figure 4. Ki67 proliferating index in the control group (A) and CG
group (B) under a microscope (100x%).

Figure 5. CK7 (A) and CK20 (B) expression under a 100x
microscope in a patient with H. pylori gastritis 100x
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staining pattern. In the case of the foveolar epithelium,
most samples had an absence (65%) of staining, while
a minority had either diffuse (15%) or focal (20%)
staining. In the glandular neck, the samples had either
focal (60%), diffuse (15%), or no staining (25%)
present. In the deep glands, the samples displayed focal
(60%) staining mostly followed by either diffuse (25%)
staining or no stain (15%).

The predominant pattern for CK20 staining on the
surface of the samples was a strong diffuse (60%)
staining followed by focal staining (40%) (Figure 6).
None of the samples displayed an absence of staining
on the surface epithelium. Furthermore, the samples
displayed either a diffuse (50%), focal (30%), or no
staining pattern (20%) on the foveolar epithelium. In
the deep glands, the majority of samples displayed a
focal staining pattern (70%) followed by an absence of
staining (30%); while none of the samples displayed a
diffuse staining pattern. The Ki67 proliferating index
was high (Ki67 > 30%) (Figure 8).

The pathologists noted that in all the samples from
IM, there was an absence of CK7 in the surface and
foveolar epithelium, while within the glandular neck
most samples had no stain present (80%), and a
minority displayed a weak focal staining pattern (20%).
Furthermore, most samples had an absence of CK7
(70%) in the deep glands and a minority displayed a
weak focal staining pattern (30%). Regarding the
presence of CK20, most of the slides displayed a strong
diffuse staining pattern (90%) and a minority displayed
a moderately focal staining (10%) pattern in the surface
epithelium. Figure 7 provides a visual depiction of the
pattern of CK7/CK20 expression in patients with IM.
Furthermore, most samples displayed a moderately
diffuse pattern in the foveolar epithelium (90%) and an
absence of staining in the deep glands (80%; Figure 6).
The Ki67 proliferating index was intermediate (Ki67:
16-30%; Figure 8).

J Infect Dev Ctries 2024; 18(7):1032-1040.

Figure 7. CK7 (A) and CK20 (B) pattern in a patient with
complete IM, observed with a 100x microscope.
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Discussion

Chronic gastritis is one of the risk factors for
stomach cancer when associated with H. pylori
infection. H. pylori is present in 75% of the
aforementioned carcinoma cases, and has been shown
in previous experimental and epidemiological research
to play a significant role in the development of stomach
carcinogenesis [12]. In countries such as Japan where
the prevalence of stomach cancers is high, treating H.
pylori is part of the medical strategy [13].

The inflammatory processes associated with
chronic gastritis induce many histopathological
changes in the gastric wall that lead to a continuous
synthesis of cytokines, that in turn activate the immune
system. Activation of the immune system leads to the
generation of oxidative free radicals that may damage
the DNA of host cells [14]. As a result, the onset of
mucosal aberrant apoptosis is closely related to H.
pylori-induced gastritis. It may also lead to atrophy, IM,
and dysplasia which are pre-neoplastic gastric lesions
that promote carcinogenesis and subsequently
metastasis [15,16].

This study investigated the pattern of CK7/20
expression in patients infected with H. pylori associated
gastritis. The biopsies were obtained from the lessor
curve of the stomach. The studied individuals
experienced H. pylori-related stomach inflammation
from the cardia to the corpus/antrum.

Figure 8. Ki67 proliferating index in a patient with H. pylori gastritis (A), in a patient with complete IM (B), and in a patient with incomplete

IM (C), observed with a 100x microscope.
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Based on our findings, the expression of CK7 in the
control group’s normal stomach mucosa was weak and
limited to a few cells at the neck and deep glands.
Furthermore, there was a strong diffuse CK20
expression on the surface, while it was negative in the
deep glands. In contrast, patients with chronic non-
specific gastritis showed a weak focal staining pattern
of CK7 with a strong CK20 staining pattern on the
surface, corresponding to a gastric type pattern of
CK7/20.

In patients infected with H. pylori, the predominant
profile was an absence of staining in the surface
epithelium, foveolar epithelium, glandular neck, and
deep glands with a strong diffuse CK20 pattern on the
surface which was absent in the deep glands. Another
uncommon pattern of CK7 was a weakly positive focal
distribution on the surface and foveolar epithelium, as
well as a moderately diffuse or moderate focal staining
in the glandular neck and deep glands. This moderate
reactivity of CK7 was observed where the glandular
neck and deep glands showed inflammatory infiltration
suggesting a neoexpression or dedifferentiation of CK7
in this region of the stomach. This highlights the ability
of the H. pylori-infected mucosa to proliferate or
regenerate. Cohen et al. reported that infection with H.
pyvlori causes structural changes in the gastric
epithelium that may lead to variations in the expression
of CKs, and referred to these changes as early sequelae
of H. pylori-associated gastritis [17,18].

Based on previous studies, IM is classified into IM
type L, type 11, and type II1. IM type I (Barrett's type) is
characterized by a significant diffuse CK7 staining in
both the superficial and deep glands, as well as a strong
superficial expression of CK20. IM type II (gastric
type) is characterized by negative or weak focal CK7
staining on the surface and crypts. Furthermore, it is
also associated with diffuse surface CK20 and focal
crypt staining. IM type Il is distinguished by prominent
localized CK7 staining on the surface and crypt
epithelium. It is also usually linked with crypt CK20
staining, both diffuse and localized [19]. Our results
revealed that the predominant pattern is type II IM. The
other two patterns (type I and III IM) were less
common, and patients with complete IM displayed type
1T IM.

Our findings are consistent with those of Kirchner
et al., who observed CK7 expression in patients with
incomplete metaplasia as opposed to complete
metaplasia, which was mostly CK7 negative. The
researchers found that CK7 was positive in less
developed, partial IM; but negative in differentiated,
complete IM [20].

J Infect Dev Ctries 2024; 18(7):1032-1040.

Shen er al. explained the difference between
incomplete and complete IM based on a less
differentiated versus well-differentiated hypothesis and
found variations in CK expression in IM [10]. For
example, patchy superficial and deep glands were
stained with CK20, while the immunostaining of CK7
in deep glands was patchy. On the contrary, in areas
with incomplete metaplasia there was a strong CK20
staining found in the superficial mucosa while there was
an absence of CK7 expression in areas with complete
IM. Thus, the presence of CK7 in areas of IM indicated
an immature or incomplete gastrointestinal phenotype.
However, CK20 expression was more unique for a
more complete, mature, small-intestinal IM phenotype.

The Ki67 protein, which was used to analyze cell
proliferation, made it possible to identify an
approximation of the cell population growth fraction. It
was detected in the germinative area of the gastric
glands. Patients with H. pylori gastritis and patients
with incomplete IM had a larger percentage of positive
cells than the control group. The findings show that
patients actively infected with H. pylori have increased
mucosal epithelial cell proliferation fraction. This
suggests the presence of high regenerative activity and
is consistent with the interpretation of a hyper-
proliferative state based on the CK7 results in this
investigation. This is also consistent with the concept of
a hyper-proliferative disease characterized by upward
extension at the proliferative zone [21,22]. Verheijen et
al. reported that Ki67 expression was higher in normal
and neoplastic tissues as the cell cycle progressed [23].
Other investigations reported a greater cell proliferation
index expression in chronic gastritis, which was
strongly attributable to the presence of H. pylori, and is
consistent with the findings of this research [24].

In their work, Kirchner et al. came to the conclusion
that CK7 positivity in H. pylori-infected areas most
likely represented the hyperproliferative state of the
inflamed mucosa [20]. This observation could be the
result of the H. pylori infection expanding the
proliferative compartment within the gastric glands'
germinative area. Consequently, the findings showed
that patients who have H. pylori infection are more
likely to have an enhanced mucosal epithelial cell
growth percentage, which most likely indicates
regeneration activity in the area.

Our study showed differences in CK7 and CK20
expression in patients who were H. pylori positive and
had incomplete IM. These differences were attributed
to the anatomical location of the biopsy since the
studied samples were obtained from the lessor
curvature of the stomach. Distal stomach biopsies were
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far less likely to reveal a Barrett's type pattern of
incomplete IM, which was linked to an elevated risk of
cancer and was seen as a premalignant lesion in the
distal stomach. Similar findings indicated that
esophageal adenocarcinoma and inadequate IM were
related.

A semi-quantitative assessment was also implicated
in the differences in the CK staining pattern. However,
global studies have reported variable results due to
inter-observer variability, tissue fixation variances, and
IHC differences (e.g. antigen retrieval methods) [25].

Conclusions

CK7 and CK20 can be instrumental in
understanding the processes involved in the genesis and
progression of the metaplasia-dysplasia-carcinoma
sequence. As a result, detection of CK7 and CK20 is
highly valuable valuable in the diagnosis of
precancerous diseases [26].
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