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last few years. Due to its burden on health and the economy, there is a need for novel

biomarkers to understand its molecular pathology and develop new treatments.
Immunohistochemistry has emerged as a valuable tool in gastritis research, enabling the visualization
and analysis of specific proteins within tissue sections. This review aims to provide a comprehensive
overview of the application of immunohistochemistry in gastritis research, highlighting its
contributions to revealing the complex molecular mechanisms involved in the progression of gastritis.
The applications gained from these studies hold promise for developing targeted therapies and
improving patient outcomes in managing erosive gastritis. Several molecules have been identified and
tested in recent years for their clinical relevance in research. In this paper, we will focus on the well-
known markers. Furthermore, this review emphasizes diagrammatic illustrations visually representing
the molecular interactions underlying pathogenesis. These illustrations enhance the clarity and
understanding of the reviewed concepts.

I : rosive gastritis still represents a significant health problem, increasing in prevalence in the
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Introduction

Gastric mucosal injury is highly prevalent, it
ranges from mild gastritis to complicated peptic
ulcers and represents the most prevalent
gastrointestinal tract (GIT) disorder worldwide.
According to estimates, 70% of the population is
affected by stomach disorders.[1] Over four million
people worldwide are affected by gastric ulcers
yearly.[2] Gastric mucosal injury may be in the
form of gastritis, an inflammation of the stomach
mucosa that can cause mucosal edema, mucosal
hyperemia, and superficial erosions. Gastritis may
be acute or chronic according to the etiology, and it
may progress to more profound, more extensive
erosions called gastric ulcers.[3] Gastric ulcer is
defined as a localized discontinuity of the gastric
mucosa that may extend to the muscularis mucosa
and even reach deeper into the submucosa, it can
lead to gastric perforation and subsequent internal
bleeding, which could be lethal. [4] A gastric ulcer
is an advanced form of gastritis, ranging from an
asymptomatic condition to epigastric pain and
nausea. In addition to the pain and complications

associated with gastric ulcers, it can cause massive
bleeding, which can be lethal.
An imbalance between the aggravating factors,

such as hydrochloric acid, pepsin enzyme, ingested
drugs and chemicals, and the protective factors,
including antioxidant enzymes, nitric oxide, mucin
production, surface phospholipids, prostaglandins,
and growth factors, primarily cause gastric mucosal
injury.[5]

In clinical practice, the term “gastritis” 1is
commonly applied to these three categories: erosive
(hemorrhagic) gastritis, non-erosive (non-specific)
gastritis, and specific types of gastritis.[6]

The most common causes of erosive gastropathy
are medications, especially non-steroidal anti-
inflammatory drugs (NSAIDs), alcohol, stress due
to severe medical or surgical illness, and portal
hypertension. Uncommon causes of erosive
gastropathy include ischemia, caustic ingestion, and
radiation. Erosive gastritis is typically diagnosed at
endoscopy. Endoscopic findings include
subepithelial hemorrhages, petechiae, and erosions.

*Corresponding author: Maha Hammady, E-mail: maha.hemdan@alexmed.edu.eg. Tel.: 00201282343560

(Received 11/10/2023, accepted 24/12/2023)
DOI: 10.21608/EJVS.2023.241929.1637

©2024 National Information and Documentation Center (NIDOC)


mailto:maha.hemdan@alexmed.edu.eg

1022 MAHA HAMMADY

These lesions are superficial, vary in size and
number, and may be focal or diffuse. There usually
is no significant inflammatory cell infiltration on
histologic examination.[7, §]

Many agents can be used to induce gastric
ulcers in Wistar rats to study the protective or
therapeutic potential of new therapies. These are
some of the generally used agents for the induction
of gastric ulcers:

Indomethacin

It is an NSAID used to relieve pain, reduce
inflammation, and control fever. Its primary
mechanism of action involves inhibiting the
production of prostaglandins, which are involved in
the inflammatory response. Indomethacin is widely
prescribed for conditions such as arthritis, gout, and
many inflammatory disorders[9] . It is commonly
used in inducing a rat model of erosive gastritis. Its
dose ranges from 40-100 mg/kg body weight
received after 24-36 hours of food deprivation.
Retrieval of gastric tissues is performed 4-8 hours
later. Studies suggest that indomethacin and other
NSAIDs causes inhibition of prostaglandin
synthesis, accumulation of neutrophil, and
subsequent mucosal injury under the effect of
oxidative imbalance, reduction of submucosal
blood flow, and reduction mucosal cell
proliferation[10-15] .

Aspirin (Acetylsalicylic acid)

Aspirin, known for its anti-inflammatory,
analgesic, and antipyretic properties, finds
application in both human and veterinary medicine.
In humans, it serves as a pain reliever for conditions
like headaches and muscle aches, an anti-
inflammatory for arthritis, and a fever reducer.
Additionally, low doses may be recommended for
cardiovascular health.[16] In veterinary medicine,
aspirin is prescribed for pain management in
animals with arthritis or injuries, fever reduction,
and addressing musculoskeletal inflammation. Its
use in animals should be under veterinary
supervision due to variations in sensitivity among
species, and caution is advised to ensure its benefits
outweigh potential risks.[17]Aspirin is also utilized
for inducing erosive gastritis, as it triggers
inflammation through the exact pathogenesis
described with indomethacin. Overnight food-
deprived rats received a single oral dose of 200-300
mg/kg/day body weight for five consecutive days.

Euthanasia of animals and obtainment of gastric
tissues is done 4-8 hours later [18-21] .In a study
conducted by Elkerdasy et al., a different dosing
regimen was employed to induce gastritis using
acetylsalicylic acid (200 mg/kg). The rats, which
were food-deprived overnight, received a single
oral dose of 200 mg/kg of acetylsalicylic acid. This
dosage was administered once[21]. In a study by
Abdel-Kawi et al., 25 mg/kg body weight was
administered intraperitoneally[22] .

Ethanol

Ethanol induces gastritis by solubilizing the
protective mucous and causing direct membrane
damage, which leads to cell exfoliation and surface
erosions and thus increases mucosal permeability to
hydrochloric acid and pepsin, which induces further
injury[23] . The resultant inflammatory cell
recruitment causes further damage by releasing
vasoactive products and causing oxidative damage.
Moreover, alcohol stimulates gastric acid secretion
and reduces gastric blood flow leading to increased
apoptosis. To induce gastric mucosal injury,
absolute ethanol (95-99%), 1-1.5 mL/200 g body
weight is administered orally after fasting for 24-36
hours. Animals can be euthanized one hour after
ethanol administration. [23-25] In a study by Abdel-
Kawi et al., 1 ml/200 g body weight of 70% ethanol
concentration was administered to induce gastric
ulcers.[26]

Others

Gastric mucosal lesions can be also induced by
hypothermic  restraint  stress[27-29],ischemia-
reperfusion[30, 31], ibuprofen[32, 33],
histamine[34, 35], reserpine[36, 371,
diethyldithiocarbamate[38, 39], Acetic acid[40-44],
serotonin[45, 46] or pylorus ligation (Shay’s
Method).[47, 48] Erosive gastritis may be studied
as part of the adverse effects of other agents such as
Sofosbuvir[49], S-fluorouracil[50],
nicotine[51],Tartrazine[52],or tetrachlorodibenzo-
p-dioxin (TCDD)[53], or diseases such as diabetes
mellites[54].

In general, when studying the protective effects
of a specific drug, it is recommended to administer
the medication to animals at least two weeks before
inducing  gastric  ulcers. However, when
investigating potential therapeutic effects, the
induction of the ulcer occurs before administering
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the medicine being studied.[55] Moreover, during
the food deprivation period, rats is kept in wire
mesh-bottom cages to prevent coprophagy,
consumption of faeces.[55]
Immunohistochemistry in gastric ulcer research
(Fig. 1).

Immunohistochemistry (IHC) is a histological
technique that uses monoclonal and polyclonal
antibodies for the detection of specific antigens
formalin-fixed and paraffin-embedded tissues, IHC
is an effective technology used by diagnostic

surgical pathologists to diagnose and determine the
stage of different types of malignancies. Moreover,
IHC assists researchers in detecting markers, which
can provide information on the pathogenesis of
multiple diseases by studying their molecular
aspects. Furthermore, IHC provides a valuable tool
for studying the neuronal pathways controlling
many organs. Therefore, IHC links molecular
biology, basic sciences, and clinical medicine.[56-
65]
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Fig. 1. Various antigens used as immunohistochemical targets in rat models of erosive gastritis.

Applications of IHC markers in various models of erosive gastritis are shown in table (1).
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TABLE 1. Application of IHC Markers in Various Rat Models of Erosive (Hemorrhagic) Gastritis and

Their Significance: A Comparative Analysis

IHC Significance  Morphometry % in the % in the Agent used Route Dose/body Reference
Marker (image analysis)[66]  control ulcer weight
group group
The mean area % of 6+ 1 60+ 5 Indomethacin 60mg/kg once  [15]
coxn
Inflammatio immunopositive cells 07101 273£0.1 Oral iggemg/ kg [13]
n marker 0714£0.1 273+0.1 70 % ethanol 1 mL/200 g [26]
body weight
COX-2 once
Authors depend on Decreased  Increased S-fluorouracil  Intraperi 15 mg/kg for [50]
their subjective toneal five days
interpretation
HSP-70 Marker of The mean area % of 10+ 1 20+ 2 Oral 60mg/kg once  [15]
cell stress HSP-70 Indomethacin
immunopositive cells
IL-33 The mean area % of 19.28+0.1  95.12+3.64 Indomethacin  Oral 100 mg/kg [14]
Inflammatio  IL-33 4 once
n marker immunopositive cells
PCNA marker of The mean area % of 15.38+6.1  53.83+9.5  Aspirin Oral 200mg/kg [21]
proliferative =~ PCNA once
activity immunopositive cells
Authors depend on Decreased  Increased Sofosbuvir oral 4 mg/kg daily [49]
their subjective for five weeks
interpretation
VEGF Index for The mean area % of 7.77 + 1.93% = Absolute Oral 1 mL/200 g [67]
angiogenesis  VEGF 0.51 0.41 ethanol (95- once
and ulcer immunopositive cells 99%)
healing 16.83 + 6.23+0.34 70 % ethanol Oral 1 mL/200 g [26]
0.7 body weight
once
TNF-a Inflammatio  The mean area % of 0.06+ 8.08+ Absolute Oral 1 mL/200 g [67]
n marker TNF-a 0.03 0.67 ethanol (95- body weight
immunopositive cells 99%) once
Caspase-  Marker of Authors depend on Decreased  Increased 5-fluorouracil  intraperi 15 mg/kg [50]
3 apoptosis their subjective toneal body weight
interpretation. injected five
days
iNOS Marker of The mean area % of 429191 29.7743.64  Tartrazine Oral 200 mg/kg [52]
oxidative iNOS daily for 60
stress immunopositive cells days
Ki67 Marker of the mean area % of 35.88+4.5  56.45+6.90 Tartrazine Oral 200 mg/kg [52]
proliferative ~ Ki67 immunopositive 9 daily for 60
activity cells days
Chromo Still being The mean area % of 3242 10+2 TCDD Oral 100 pg/kg [53]
granin A explored CgA immunopositive daily for eight
cells weeks
NF-«xB inflammatio the mean area % of 0.1+0.01 0.3+0.05 acetic acid Surgical 120 pL of [44]
n marker NF-xB (subsero  40% acetic
immunopositive cells sal acid
injection
)
8+2 40+5 indomethacin  oral 48 mg/kg [12]
Cd44 Marker of the mean area % of 1.2+1.09 2.4+1.14 Aspirin oral 200 mg/kg [68]
proliferative Cd44 once
activity immunopositive cells
HO-1 Marker of the mean area % of 3.5+1 6+1 indomethacin  intraperi 25 mg/kg [22]
Intrinsic HO-1 toneal
antioxidant immunopositive cells  0.75+.05 1.25+0.1 absolute Oral 1 mL/200 g [69]
defense ethanol (95- once
99%)
Authors depend on decreased  increased absolute Oral 1 mL/200 g [70]
their subjective ethanol (95- once
interpretation. 99%)
Nrf-2 Marker of the mean area % of 4+1 9+2 indomethacin  intraperi 25 mg/kg [22]
Intrinsic Nrf-2 toneal
antioxidant immunopositive cells  0.9+.02 1.3+0.1 absolute Oral 1 mL/200 g [69]
defense ethanol (95- once
99%)
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Biomarkers used in the erosive gastritis
Cyclooxygenase-2 (COX-2)

COX is the rate-limiting enzyme that converts
arachidonic acid to various molecules, including
prostaglandins, prostacyclin, and thromboxanes.
This enzyme has two distinct isoforms, COX-1 and
COX-2. While they share structural and enzymatic
similarities, their functions differ significantly.
COX-1 is constitutively expressed in multiple
human tissues, playing a role in vital physiological
processes such as vascular homeostasis and
gastroprotection. In contrast, COX-2 is an
immediate early-response gene whose expression is
induced by various factors, including endotoxins,
growth factors, transcription factors such as NF-kB,
cytokines such as TNF-a, and interleukins such as
IL-1B.[71]In  experimentally induced gastritis
models, the mean area % of COX-II-
immunopositive cells in the gastric mucosa
increases significantly in the gastritis group may
correlate with the ongoing inflammatory process.
This percentage decreases in the treated groups,
which the anti-inflammatory effect of the drug
under study can explain. [15, 26, 72-75]

Heat shock protein 70 (HSP70)

HSP70 is a highly conserved protein found in
cells across various organisms, including humans. It
belongs to the family of heat shock proteins,
molecular chaperones involved in cellular stress
response and protein homeostasis. Upon exposure
to different irritants, gastric cells express heat shock
proteins (HSPs) to enforce their resistance and
promote survival. It acts mainly by refolding the
essential functioning proteins that were partially
damaged or enhancing the delivery of the necessary
precursor proteins to mitochondria and endoplasmic
reticulum to promote mucosal healing[76] . In rat
models of experimentally induced gastritis, the
mean area % of HSP70-immunopositive cells
increases significantly in the diseased group, this
may correlate with the stress applied upon the
mucosal cells. This ratio decreases in the treated
groups, which may be explained as the resolution of
this stress and progression toward healing.[15, 77-
79]

Interleukin-33 (IL-33)

IL-33 is released by necrotic epithelial cells and
acts as an alarmin, a danger signal released upon
tissue damage initiating an immune response. It is
predominantly found in the nucleus of cells, and it

diffuses into the extracellular space upon cell
damage or necrosis. Once released, IL-33 binds to
its receptor, ST2 (IL-1 receptor-like 1), expressed
on various immune cells, including mast cells, T-
helper cells, and regulatory T cells. The binding of
IL-33 to its receptor triggers a cascade of signalling
events that activate and recruit immune cells.IL-33
also promotes the production of other allergic and
inflammatory cytokines. Simultaneously, IL-33 can
directly or indirectly stimulate epithelial
proliferation and repair by affecting epithelial stem
cells and subepithelial myofibroblasts.[80] In the
abovementioned study, Damigman et al.[14]
reported that the mean area % of IL-33-
immunopositive cells had increased significantly in
the diseased group, this may correlate with the
extent of the inflammatory process[80] .
Proliferating cell nuclear antigen (PCNA)

It is a protein that plays a crucial role in DNA
replication processes. PCNA encircles DNA strands
during DNA replication to stabilize the replication
machinery. In addition to its role in DNA
replication, PCNA is involved in DNA repair
mechanisms. It acts as a scaffold to recruit repair
enzymes to the site of DNA damage. PCNA is
considered a marker of cellular proliferation and is
widely used as an immunohistochemical marker in
research and clinical settings. Its expression level is
often used to assess proliferation rate and can
indicate cellular processes such as tumor growth
and response to therapy.[81] The diseased groups
revealed increased reaction for PCNA in the cells
lining the whole fundic glands. This increase
indicates the presence of stem cells that proliferate
and differentiate to allow for the regeneration of
damaged cells, thus permitting the healing of the
degenerated areas of the gastric mucosa. Another
explanation for increased PCNA reaction in the
cells is induced as a response to damaged DNA
even after the cell is no longer active in the cell
cycle. They also added that PCNA is involved in
the excision and replacement of abnormal
nucleotides and is thus also expressed in non-
proliferating surviving cells undergoing DNA
repair. [21, 49, 82-84]

Vascular endothelial growth factor (VEGF)

VEGF or VEGF-A represents the prototype of a
distinctive family consisting of at least six growth
factors predominantly expressed in endothelial
cells, possessing heparin-binding properties, and
having angiogenic functions. This family includes
VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-E,
and the placental growth factor (PIGF). VEGF
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plays a crucial role in two critical processes
involved in vascular development. Vasculogenesis
refers to forming new vascular tubes from precursor
endothelial cells, and angiogenesis involves
sprouting small vessels and capillaries from
existing larger blood vessels. VEGF stimulates
endothelial cells in both the vascular and lymphatic
systems to degrade extracellular matrix, proliferate,
migrate, and form tubes while also serving as a
survival factor for endothelial cells. Additionally,
VEGF significantly enhances vascular permeability
by creating fenestrations in the endothelium of
small venules and capillaries. This characteristic led
to its previous designation as a vascular
permeability factor (VPF). VEGF receptors

(VEGFRs) consist of three closely related peptides
spanning the cell membrane and contain an
extracellular immunoglobulin-like domain and two
intracellular tyrosine kinases (Fig. 2). VEGF
primarily interacts with two of these receptors:
VEGFR-1 (also known as flt-1) and VEGFR-2
(also known as flk-1). The binding of VEGF to
VEGFR-1 stimulates endothelial cell migration and
may contribute to vascular organization. Activation
of VEGFR-2 stimulates endothelial cell
differentiation, proliferation, and migration and is
involved in angioblast differentiation. VEGFR-3
(flt-4), predominantly expressed in lymphatic
endothelium, binds VEGF-C and VEGF-D[85-93].

Extracellular Domain

Tyrosine Ki

VEGFR1

VEGFR2

Fig. 2 diagram showing the structure of the VEGFR, it is composed of extracellular, trans cellular and
intra cellular domain. The latter has a tyrosine kinase intrinsic activity.

Immunohistochemical  staining  for  the
angiogenic marker VEGF assesses the extent of
gastric mucosal healing. The mean area % of VEGF
immunopositive cells reflects the angiogenesis
status within the tissue. Notably, mucosae exposed
to the inflammatory process displayed a visible
decrease in the immunopositive cells compared to
the control group, indicating reduced VEGF
expression. Contrarily, treated groups exhibited a
significant increase in brown stains, like the control
group, indicating improved VEGF expression. As a
growth factor, VEGF plays a crucial role in
protecting the mucosa by restoring restored
microvasculature, thus maintaining endothelial cell
viability, and enhancing vascular permeability.
Levels of VEGF expression increased during the

healing of gastric mucosa, indicating its
significance in mucosal repair.[26, 67]

Tumor Necrosis Factor-alpha (TNF-a)

TNF-a is a cytokine that plays a crucial role in
the immune system and inflammatory responses.
Activated macrophages primarily produce TNF-a,
but other cell types, including lymphocytes, natural
killer cells, and endothelial cells, can also secrete it.
TNF-a is involved in various physiological and
pathological processes. It regulates immune
responses, inflammation, and cell survival. In the
immune system, TNF-a acts as a potent mediator,
promoting the activation and recruitment of
immune cells to sites of infection or injury. It
enhances the expression of adhesion molecules on
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endothelial cells, facilitating the migration of
immune cells into tissues. In addition to its role in
immune responses, TNF-a has been implicated in
the pathogenesis of various inflammatory and
autoimmune  diseases, including rheumatoid
arthritis, inflammatory bowel disease, psoriasis, and
systemic lupus erythematosus. It contributes to
tissue damage and chronic inflammation by
promoting the recruitment of inflammatory cells
and producing pro-inflammatory mediators. Its
dysregulation has been linked to wvarious
inflammatory and autoimmune diseases, and
targeted therapies that block TNF-a have shown
efficacy in treating these conditions. TNF-a plays a
central role in the development of gastric ulcers by
initiating the acute inflammatory response,
accompanied by neutrophil infiltration into the
injury site.it activates caspase-3 and thus stimulates
apoptosis. In addition, it delays healing by
suppressing blood flow and cell growth.[67, 94-96]

Cysteine-aspartic acid protease-3 (Caspase-3)

Caspases represent the main constituent of the
apoptotic cascade. One of the principal members of
the caspase family is Caspase 3, which is activated
through a cascade of signalling events as a result of
tissue apoptosis with endonuclease activation and
sequelae of DNA fragmentation. Once activated,
caspase-3 cleaves and activates downstream
substrates, leading to the characteristic
morphological and biochemical changes associated
with apoptosis Caspase-3 activation is tightly
regulated in normal physiological processes to
ensure proper cell death and tissue homeostasis.
Dysregulation of caspase-3 activity can contribute
to  various  diseases, including  cancer,
neurodegenerative  disorders, and autoimmune
diseases. Its activation leads to the characteristic
changes observed during apoptosis, and its
dysregulation is associated with various conditions.
Caspase-3 is a vital apoptosis marker widely
studied in basic research and clinical applications.
Studies have shown that caspase-3 activation is
increased in gastric ulcer tissues. Elevated caspase-
3 activity indicates enhanced apoptosis in the
gastric mucosa. Various factors, including oxidative
stress, inflammation, and damage to the gastric
mucosa, trigger the activation of caspase-3.
Increased caspase-3 activity in gastric ulcers may
contribute to the breakdown of the gastric mucosal
barrier and impair the normal healing process.
Caspase-3-mediated apoptosis of epithelial cells in

the gastric mucosa can lead to tissue damage and
delayed ulcer healing. However, it is essential to
note that the role of caspase-3 in gastritis is
complex, and further research is needed to
understand its precise mechanisms and potential
therapeutic implications.[7, 50]

Inducible Nitric Oxide Synthase (iNOS)

It is an enzyme that catalyzes the production of
nitric oxide (NO) from the amino acid L-arginine.
Unlike constitutive forms of nitric oxide synthase
(NOS), which are involved in normal physiological
processes, iNOS is not expressed under normal
conditions but can be induced in response to
various stimuli, such as inflammation, infection,
and immune activation. INOS is primarily
expressed in immune cells, including macrophages,
neutrophils, and certain types of lymphocytes.
These cells can upregulate iNOS expression and
generate  high nitric  oxide levels upon
activation. The production of NO by iNOS serves
multiple functions in the immune system. It is a
signalling molecule regulating immune responses,
vasodilation, and neurotransmission. In the context
of immune defense, NO produced by iNOS has
antimicrobial effects by inhibiting the growth and
activity of some pathogens. High NO levels can
damage tissues and contribute to the pathogenesis
of various inflammatory diseases, including erosive
gastritis. While NO can have beneficial effects as a
signalling molecule and a host defense mechanism,
excessive production of NO by iNOS in the context
of gastric ulcer can have detrimental effects on the
gastric mucosa. Excessive NO production can cause
oxidative stress, disrupt the balance of antioxidants,
and damage the stomach lining tissue. NO can also
interact with other molecules and inflammatory
mediators, forming reactive nitrogen species (RNS)
that can further contribute to tissue injury and
inflammation. Furthermore, NO derived from iNOS
can affect blood flow regulation in the gastric
mucosa. Excessive NO production can induce
vasodilation and increase blood flow, which may
exacerbate the damage caused by gastric ulcers.
While increased blood flow is generally beneficial
for tissue repair and healing, it can have negative
consequences in the context of gastric ulcers. The
increased blood flow can bring more inflammatory
cells and substances to the ulcer site, which may
exacerbate tissue damage and prolong the healing
process. However, the use of iNOS inhibitors in
erosive gastritis is still under investigation, and
further research is needed to fully understand the
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precise role and therapeutic potential of iNOS in
this condition.[52, 97-99]
Ki67

The name Ki67 is taken from the city of Kiel
(Ki) where the antibody was produced in the
university department of pathology and refers to the
number of the original clone 67.[100] It is a nuclear
protein commonly used to assess cellular
proliferation or the growth rate of a dividing cell
but not in quiescent ones, which is considered an
important predictive and prognostic marker in
several cancers. Ki67 is present during various cell
cycle phases but is absent in resting cells (GO
phase). The expression of Ki67 is associated with
cell proliferation, making it a valuable tool for
determining the proliferative activity of cells in
various tissues and during different biological
processes. The percentage of positively stained
cells can be assessed and used to indicate cellular
proliferation. Simultaneously, low Ki67 expression
may indicate a less proliferative or more quiescent
state[52, 101] .

Chromogranin A (CgA):

CgA is an acidic glycoprotein that is widely
distributed  throughout neuroendocrine cells
throughout the body. It is produced and stored in
their secretory granules, where it functions as a
precursor molecule for multiple biologically active
peptides and hormones. CgA is processed and
cleaved into smaller peptides, including
chromostatin, vasostatin, pancreastatin, and others,
which can have regulatory effects on various organ
systems. CgA is a clinical practice and research
biomarker, particularly in neuroendocrine tumors
and certain endocrine disorders. CgA has been
studied in the context of gastritis, although its exact
role and significance in this condition are still being
explored. Studies have reported alterations in CgA
levels in cases with gastric ulcers, and the findings
can be conflicting or inconclusive. While some
studies have reported increased levels of CgA in
subjects with gastric ulcers, other studies have not
consistently observed this association. The changes
in CgA levels may depend on various factors,
including the severity of the ulcer, the presence of
associated conditions, and individual variations.[53,
102-105]

Nuclear factor kappa B (NF-kB)

NF-«kB represents a family of inducible
transcription factors that regulate various cellular
processes, including immune
inflammation, cell survival, and proliferation. It is
involved in the control of numerous genes that are

responses,

responsible for mediating immune responses. NF-
kB typically composed of dimers of different
subunits. In an inactive state, NF-kB is retained in
the cytoplasm by interacting with inhibitory
proteins called IkBs (Inhibitor of «B). These 1kB
proteins prevent NF-kB from entering the nucleus
and activating target genes. Various signals,
including pro-inflammatory cytokines, microbial
products, oxidative stress, and other cellular
stressors, can trigger the activation of NF-kB. Upon
activation, the inhibitory proteins IkBs are
phosphorylated and targeted for degradation,
allowing NF-«B to translocate to the nucleus. In the
nucleus, NF-kB binds to specific DNA sequences
promotes the transcription of target genes involved
in inflammatory response.NF-kB also regulates
cell survival by promoting the expression of anti-
apoptotic proteins. Dysregulation of NF-xB
signalling has been implicated in various diseases,
including chronic inflammation, autoimmune
disorders, cancer, and neurodegenerative diseases.
Therapeutically, targeting NF-kB signalling has
been explored as a potential approach for treating
inflammatory and autoimmune diseases. Inhibitors
of NF-xB activation or downstream signalling
pathways are being investigated for their potential
to modulate immune and inflammatory responses.
In gastric ulcers, NF-kB activation has been
observed in the gastric mucosa. Upon activation,
NF-kB induces the expression of pro-inflammatory
cytokines, chemokines, adhesion molecules, and
enzymes that mediate inflammation. These factors
can further recruit immune cells, stimulate iINOS
which enhance oxidative damage, and initiate tissue
injury. The specific effects of NF-xB activation or
inhibition may vary depending on the stage,
severity, and underlying causes of erosive
gastritis.[12, 44, 106-110]

Cluster differentiation 44 (CD44):

CD44 is a cell surface glycoprotein involved in
various cellular processes, including cell adhesion,
migration, tissue development, inflammation,
wound healing, and cancer progression and
signaling. CD44 consists of three regions: a 270 aa
N-terminal extracellular domain, a 21 aa
transmembrane domain, and 72 aa C-terminal
cytoplasmic domain (Fig. 3). It is expressed in
different cell types, including immune, epithelial,
and mesenchymal cells. CD44 is known for its role
in cell-cell and cell-matrix interactions, mainly
through its ability to bind to hyaluronic acid, an
extracellular matrix component. Through this
interaction, CD44 facilitates the binding and
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retention of inflammatory cells at the site of injury
or inflammation in the gastric mucosa. The
accumulation of these cells can contribute to the

development of gastric ulcers by promoting tissue
damage and prolonging the inflammatory
response[111-116] .

270 aa extracellular domain

21 aa transcellular domain

72 aa cytoplasmic domain

Fig. 3 the structure of the CD44, it is composed of a 270 aa N-terminal extracellular domain, a 21 aa
transmembrane domain, and 72 aa C-terminal cytoplasmic domain.

Heme Oxygenase-1 (HO-1)

HO-1, also known as HSP32 (Heat Shock
Protein 32), is an enzyme that plays a crucial role in
heme catabolism and cellular defense against
oxidative stress. The HMOXI1 gene encodes it and
is inducible in response to various stimuli,
including oxidative stress, inflammation, and
cellular injury. HO-1 is responsible for the
breakdown of heme into carbon monoxide (CO),
biliverdin, and iron. HO-1 is widely expressed in
different tissues, including the gastric mucosa. HO-
1 has been investigated as a potential tissue
protection and healing mediator in gastric ulcers.
Studies have shown that HO-1 expression is
upregulated in gastric ulcer tissues. This
upregulation is believed to be a cellular response to
oxidative stress and inflammation associated with
the ulcerative process. HO-1 induction in gastritis is
considered a protective mechanism that helps to
mitigate tissue damage and promote tissue repair.
The byproducts generated by HO-1 activity, such as
CO and biliverdin, have antioxidant and anti-
inflammatory properties, contributing to tissue
protection and reducing inflammatory responses.
Examining HO-1 expression levels in ulcer tissues
can help assess its potential as a diagnostic or

prognostic marker for gastritis severity or healing
capacity[22, 69, 117-120] .

Nuclear Factor-Erythroid 2 Related Factor 2
(Nrf-2)

Nrf2 is a well-known target that regulates redox
balance by promoting the production of antioxidant
enzymes. When cells are exposed to various
stressors, Nrf2 translocates from the cytoplasm to
the nucleus, activating the transcription of many
antioxidants and cytoprotective genes such as HO-
1, catalase, and glutathione. In addition, Nrf2 has an
anti-inflammatory role by inhibiting pro-
inflammatory signaling by reducing NF-«xB, IL-1,
IL-6, and TNF-o. Moreover, Nrf2 has an
antiapoptotic effect by modulating Bax, Bcl-2, and
caspase 3 and 9. In addition to its antioxidant and
anti-inflammatory properties, Nrf2 also plays a role
in tissue repair and regeneration. It promotes gene
expression in cell proliferation, angiogenesis,
extracellular matrix synthesis, and essential tissue
healing processes. Activation of Nrf2 in gastric
ulcer models has been shown to enhance gastric
mucosal repair, stimulate the regeneration of
damaged tissues, and accelerate ulcer healing[69,
121-123].
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Conclusions

IHC has emerged as a valuable tool in erosive
gastritis research, providing insights into the
molecular mechanisms involved in ulcer formation
and progression. It enabled many researchers to
visualize and analyze specific proteins within tissue
sections, identifying novel biomarkers with clinical
relevance. These findings could aid in developing
targeted therapies and improve patient outcomes in
managing erosive gastritis. Furthermore,
diagrammatic illustrations in this review have
enhanced the clarity and understanding of the
reviewed concepts, making them accessible to a
broad readership. Diagrammatic drawings are
essential for improving the clarity of examined
concepts, particularly in explaining the molecular
connections that contribute to disease. These visual
aids facilitate the comprehension of sophisticated
concepts by providing a systematic analysis of
complex  procedures. Illustrations enhance
comprehension by emphasising crucial components
and connections, enabling readers to more
effectively link theoretical information with real-
world implementations. Furthermore, the use of
visual format serves to mitigate the risk of
overwhelming  individuals  with
information and improves the ability to remember,
so providing advantages to a wide range of
individuals, such as students, researchers, and

excessive

professionals. Essentially, these pictures function as
potent instruments to communicate intricate
scientific information in a more comprehensible
and influential way. Continuing research and
advancements in IHC techniques are promising to
elucidate the molecular basis of gastritis and
facilitate effective treatment development.
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