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ABSTRACT

Inflammation involves a long chain of molecular reactions and cellular activity designed to repair tissue dam-
aged by various causes. The inflammatory process and its complex mechanisms have recently become a focus
of interest for many researchers. After the onset of inflammation, various adverse conditions that initiate the
inflammatory response need to be addressed; however, failure to limit the inflammatory reaction may result
in the damage or destruction of host cells. Therefore, inflammatory reactions play a role in many different
diseases. Aquaporins (AQPs), commonly referred to as water channels, are protein channels responsible for
forming pores in the membranes of biological cells. Their main function is to aid in the movement of water
between cells. Aquaporins not only regulate transepithelial fluid transport across membranes but also play
a role in regulating essential events crucial for the infllmmatory response. Aquaporins have been shown
in many studies to have important roles in inflammatory diseases. This clearly indicates that AQPs may be
potential targets for inflammatory diseases. This review summarizes the research to date on the structure
and function of AQPs and provides an update on the relationship between AQPs and various human inflam-
matory diseases.
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Introduction

The inflammatory process and the complex mechanisms involved in its regulation have been
the focus of scientific interest for many researchers in recent years. Inflammation involves a long
chain of molecular reactions and cellular activities designed to repair tissue damaged by various
causes. The inflammatory process involves a series of events, including dilation of venules and
arterioles, increased blood vessel permeability, and the migration of leukocytes into tissues. The
immune system plays a pivotal role in recruiting plasma proteins and leukocytes to the relevant
tissue site. However, when the inflammatory process becomes prolonged and persistent, it can
result in maladaptive responses.' Failure to resolve this can lead to tissue destruction, chronic
inflalmmation, and progressive fibrosis.? Persistent and excessive inflammation causes disruption
of cell homeostasis.> One of the clearest signs of impaired homeostasis is an increase in extracel-
lular fluids (edema).* This may cause some dysfunction in tissues and organs.®

Aquaporins, often known as water channels, are protein channels that create pores in the mem-
branes of biological cells. Their main function is to aid in the movement of water between
cells.® Besides water; AQPs also enable the transport of glycerol, urea, and, in certain instances,
ions.” Mammals express |3 AQPs, each with different cellular and tissue expression and specific
subcellular localizations.® The 13 mammalian AQPs are broadly divided into 3 groups. AQPO,
AQPI, AQP2, AQP4, AQPS5, AQP6, and AQPS are classified as classical AQPs involved in water
transport. AQP3, AQP7, AQP9, and AQP 10 are aquaglyceroporins that carry both glycerol and
water. AQP| | and AQP 2 differ from other AQPs in their localization. These AQPs are localized
in the intracellular endoplasmic reticulum (ER). Here, osmotic changes and oxidative stress may
contribute to ER homeostasis upon.” The physiological role of different AQPs is affected during
inflammation by mediators that regulate inflammatory diseases by inducing a number of changes
in aquaporins.'®
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Many studies have shown that AQPs have
important roles in inflammatory diseases.'®"
This clearly shows that AQPs may be potential
targets for inflammatory diseases. In this review,
the relationship between various inflammatory
and AQP diseases is summarized.

Aquaporins

Aquaporins, commonly known as “‘water chan-
nels,” are compact integral membrane proteins
that aid in the facilitation of water transport
across the membranes of diverse organ sys-
tems, including the kidney, central nervous
system (CNS), lung, heart, eye, and skin.'? The
transport of water between tissues and cells
is a fundamental process that contributes to
the maintenance of physiological homeostasis.
Typical transcellular water transport can occur
through passive diffusion with other solutes or
by traversing the lipid layer of the membrane.
Aquaporin water channels are located in regions
where high water permeability is required to
transport liquids. To accommodate these chang-
ing fluid transport processes, AQPs exhibit
different cell and tissue distributions in differ-
ent organ systems. The discovery of AQPs by
Peter Agre of Johns Hopkins University in 1992
earned him the Nobel Prize in Chemistry in
2003." Aquaporins are commonly considered
to play a role in diseases characterized by altera-
tions in water transport.'

Types and Functions of Aquaporins

Agquaporins are transmembrane water trans-
port proteins found in many human tissues."
The plasma membrane forms the main bar-
rier to water transport. AQPs are important
proteins that regulate water permeability
across the plasma membrane. Thirteen mem-
bers of the AQP family, ranging from AQPO to
AQPI12, have been found in various mamma-
lian cells'® (Table I). The AQP family includes
3 subgroups: AQP aquaglyceroporin, and
superaquaporin. AQPO, AQPI, AQP2, AQP4,
AQPS5, AQP6, and AQPS are only responsible
for water transport, while aquaglyceropo-
rin, which includes AQP3, AQP7, AQP9, and
AQP10, absorbs only water and small water-
soluble substances such as urea and glycerol.
Aquaglyceroporins include the superaquapo-
rins AQPI 1 and AQPI12." While many of the
AQPs are found at the plasma membrane to
contribute to water transport due to osmotic
gradients, the superaquaporins AQPI| and
AQP 2 are expressed in the cytoplasm, playing
arole in regulating organelle volume, intracellu-
lar water transport, or vesicular homeostasis.'®
Most human AQPs are distributed in differ-
ent normal tissues, including endothelium and
epithelium, and also in various other cell types,

Table I. Types and Functions of Aquaporins

Types Function Localization Tissue distrubution

AQPO0  Aguaporin plasma membrane  Human lens'?

AQPI  Aquaporin plasma membrane  Red blood cells, lungs, brain, kidney

AQP2  Aquaporin plasma membrane  Kidney®

AQP4  Aquaporin plasma membrane  Spinal cord, brain, optic nerve*

AQP5  Aquaporin plasma membrane  Respiratory tract?®

AQP6  Aquaporin plasma membrane  Renal tract?®

AQP8  Aquaporin plasma membrane lung, liver, stomach, kidneys, pancreas, salivary glands,
testicles, epididymis, duodenum, jejunum, placenta and
trachea®

AQP3  Aquaglyceroporin  plasma membrane  Skin, eyes?'

AQP7  Aquaglyceroporin  plasma membrane  Skeleteal muscle, heart, testis, kidney, adipose tissue?

AQP9  Aquaglyceroporin  plasma membrane  brain, liver, ovary, leukocytes, and testis®

AQPI10 Aquaglyceroporin  plasma membrane  jejunum and duodenum?

AQPI 1 Superaquaporin Intracellular heart, brain, kidneys, liver, intestine, testes, and adipose
tissue?’

AQPI12 Superaquaporin Intracellular pancreatic acinar cells?®

including astrocytes, erythrocytes, skeletal mus-
cle, and adipocytes.”* AQPO is present in the
human lens and is involved in lens transparency
and homeostasis.'” AQP| is found in red blood
cells, lungs, brain, and kidneys, playing a role in
both water reabsorption and fluid secretion.
AQP2 is predominantly found in the kidney,
and mutations in the protein are associated
with diabetes insipidus.?® AQP3 is found in vari-
ous organs, such as the conjunctival epithelium,
renal collecting duct, skin, and eyes.?' AQP4 is
the predominant water channel expressed in
the spinal cord, brain, and optic nerve, regu-
lating the homeostasis of the brain.*> AQP5
is primarily found in the upper bronchus,
alveolar epithelium, and trachea.?> Studies on
AQPé6 have unveiled that this protein is found
in the carries, mainly nitrate, the membranes
of intracellular vesicles, and is permeable to
some ions, such as chloride ions, in the renal
tract.”? AQP7 molecules are mainly expressed
in skeletal muscle, heart, adipose tissue, testis,
and kidneys and play a role in solute as well as
water permeability.”* AQP8 is expressed in var-
ious tissues and organs, especially the lung, liver,
stomach, kidneys, pancreas, salivary glands,
testicles, epididymis, duodenum, jejunum, pla-
centa, and trachea.”” AQP9 has been found in
the brain, liver, ovary, leukocytes, and testis.”?
AQPI0 is selectively localized to the jejunum
and duodenum but not to other parts of the
gastrointestinal tract.”* AQPI | is found in the
heart, brain, kidneys, liver, intestine, testes,
and adipose tissue.”” but its function remains
unknown. Although the specific location of
AQPI12 has not been determined, it is found
only in pancreatic acinar cells.”®

Molecular Structure of Aquaporins
Aquaporin  monomers weigh approximately
28-30 kDa each, and each one is composed of
6 capped a-helical domains, creating a barrel-
shaped structure that spans the plasma mem-
brane. The aquaporin polypeptide structure
comprises a single chain of approximately 270
amino acids, with amino (N) and carboxyl (C)
terminals located in the cytoplasm.”” A shared
characteristic among all AQPs is the presence
of the asparagine—proline—alanine (NPA) con-
sensus motif, which is widely believed to play an
important role in pore formation.*® Two sets of
highly conserved motifs, each containing a short
helix with the sequence NPA motifs, are posi-
tioned on opposite sides of the monomer. The
AQP monomer possesses independent water
pores and forms homotetramers to facilitate
the transport of liquids. By combining AQP
monomers, homotetramers form the central
pore. Many studies have demonstrated that
the central pore in AQPI, AQP4, and AQP5
is permeable to nitric oxide, CO,, or O, gases.
Gas transport by AQPs is faster than free dif-
fusion, so their role in biological functions is
important.’'

Inflammatory Diseases and
Aquaporins

Inflammation is a natural reaction to detrimen-
tal stimuli, including damaged cells or pathogens,
toxic compounds, and irradiation, thus acting
by initiating the healing process and eliminating
harmful stimuli.*? Throughout the inflammatory
process, macrophages induced by inflammation
play a crucial role in supervising various immuno-
logical events. This includes the overproduction
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Figure |. Location of different aquaporin subtypes in the body.

of inflammatory mediators, an excessive pro-
duction of oxidants, and pro-inflammatory cyto-
kines.*® Lately, many inflammatory biomarkers
have been discovered, including acute phase
protein, platelet-activating factor; prostaglandins,
kinins, purines, amines, leukotrienes, cytokines,
adhesion, chemokines, and nuclear factor kappa
B (NF-kB), Mitogen-activated protein kinase
(MAPK), and JAK-STAT pathways.> Also, it is con-
sidered to play a crucial role in the pathogenesis
of inflammation by inducing NF-xB activation
and the expression of many pro-inflammatory
molecules* Once this process begins, the goal
is to eliminate the pathogen. However, if the
inflammatory response cannot be sufficiently
controlled, it could result in the detriment of
host cells> Therefore, inflammatory reactions
play a role in many different diseases, and the
pharmacological control of inflammation in
various organs will continue to be a focus in
the development of new drugs. Therefore, we
examined the relationship between AQPs and
inflammatory diseases in the various organs
shown below (Figure I).

Aquaporins in Acute Lung Injury

Acute lung injury (ALl) is a lung disorder char-
acterized by damage to the alveolar capillary
walls, edema and infiltration of inflammatory
cells.® Lung injury is pathologically defined by
widespread alveolar damage, ranging from
ALl to the more severe condition known as
acute respiratory distress syndrome (ARDS).*’
Traditionally, certain treatment approaches

have been employed as supportive strategies
in ARDS and ALl but their efficacy has been
limited, resulting in a persistently high mortal-
ity rate. As of now, no definitive measures to
tackle the challenge of long-term mortality have
been identified*® To investigate further thera-
peutic approaches, current research is dedicated
to preventing or alleviating the advancement
of lung injury. This involves utilizing strategies
grounded in the contemporary comprehension
of biological mechanisms at the molecular level.
It is hypothesized that ALl can be prevented or
alleviated by employing pharmacological agents
that either impede the generation of reactive
oxygen species (ROS) or neutralize these reac-
tive molecules.® Experimental studies such as
liposaccharide (LPS), hydrochloric acid, hyper-
oxia, and ventilation have been used to examine
the mechanisms of lung damage and the contri-
bution of AQP in this process. Pretreatment of
Nervilia fordii (NF) can promote the upregula-
tion of pulmonary AQP-I and AQP-5 expres-
sion, increase clearance and water transport in
the lungs to improve fluid balance, and reduce
pulmonary edema to effectively preserve the
lungs from acute injury.® It was shown that a
calcitonin gene-related peptide (CGRP) 8-37
antagonist could ameliorate LPS-induced ALl in
a mouse model by modulating the expression
levels of AQP-1 and AQP-5 by reducing inflam-
matory cytokines.!' Furthermore, a later study
using a mouse model of oleic acid-induced ALI
showed that AQP4 mRNA was overexpressed
in type Il alveolar epithelial cells.* Tanshinol, an

aqueous polyphenol, was shown to increase
AQP5 expression by inhibiting tumor necro-
sis factor (TNF)-a and interleukin 6 (IL-6) and
reducing p38 phosphorylation in mouse lung
tissue in a cecal ligation and puncture (CLP)-
induced sepsis model.”®

Aquaporins in Sepsis

Sepsis, commonly known as systemic inflamma-
tory response syndrome, arises from bacterial
infections or other factors that trigger immune
responses in the host.* In sepsis, there is an
overproduction of oxygen-free radicals, lead-
ing to an imbalance in the natural scavenging
mechanisms. These processes are implicated in
microvascular dysfunction, followed by organ
dysfunction.* The cardiovascular and respira-
tory systems are predominantly affected by
acute organ dysfunctions in sepsis, with a par-
ticular emphasis on the lung as a critical organ.*
Sepsis is of significant concern; multiple organ
dysfunction syndrome develops in 30% of these
cases and occurs in 10 out of 1000 hospitalized
patients. Mortality is noted in 20% of individu-
als diagnosed with sepsis, and this rate escalates
to 60-80% among those who progress to septic
shock. Timely diagnosis and intervention are cru-
cial, given the elevated mortality rate.”” Despite
the high morbidity and mortality associated with
sepsis, delays in diagnosing this condition and
its related complications persist.*® Considering
the intricate nature of sepsis pathogenesis, it
is widely recognized that immune cells, specifi-
cally monocytes, macrophages, and neutrophils,
play a central role.* The substantial gathering of
neutrophils in lung tissue can impact inflamma-
tory processes, leading to an increased produc-
tion of various inflammatory cytokines, including
ILs and TNF* These factors are believed to play
a crucial role in the pathogenesis of sepsis.>' The
NF-kB is an inducible nuclear transcription fac-
tor that centrally regulates the transcription of
various genes, including those encoding adhe-
sion molecules, proinflammatory cytokines, and
other proinflammatory mediators implicated in
septic shock and severe sepsis.>? Furthermore,
evidence suggests that oxidative stress may
play an important role in the organ damage
and mortality caused by sepsis.® One study
reported that in CLP-induced sepsis, elevated
oxidative stress in tissues, along with plasma, is
a crucial mechanism attributed to the release
of free radicals>* To enhance comprehension
of the mechanisms underlying clinical sepsis
and develop more effective treatments, vari-
ous models, including CLF, are utilized for the
induction of polymicrobial sepsis. The CLP is a
commonly used model for polymicrobial septic
shock and is considered one of the most favored
animal models for sepsis.>®> Moreover, models
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involving high-dose LPS administration as well
as mesenteric ischemia and reperfusion are
employed.*® While numerous new mechanisms
are under investigation to enhance our under-
standing of sepsis pathophysiology, currently,
there is no recognized and effective treatment
protocol. In the literature, a substantial body of
experimental and clinical research is dedicated
to exploring the treatment and pathophysiology
of sepsis, underscoring the significance and pop-
ularity of this issue.®” Hence, to completely com-
prehend the role of AQPs in sepsis, it is crucial
to understand how their expression is modified
during inflammation. One study showed that
AQPI expression increased twofold and AQP3
expression decreased 2.5-fold in the leukocytes
of septic patients.®® In a CLP mouse model of
sepsis, it was demonstrated that AQP2 expres-
sion is reduced through the NF-xB pathway,
potentially contributing to acute renal failure
during sepsis.® In a study conducted on septic
encephalopathy (SE), it was shown that brain
inflammation, mediated by neutrophil infiltra-
tion, leads to the upregulation of AQP4, exacer-
bating brain edema.*® Studies with tanshinol and
emodin®' have shown that they can upregulate
the expression of AQP-5 by inhibiting inflamma-
tory cytokines, thus protecting the lung tissue
of rats with sepsis.®® In rats subjected to sep-
sis through CLP, the assessment of liver AQP8
expression revealed a marked decline in the
AQP8 protein level within the canalicular mem-
branes. Notably, there was no significant reduc-
tion observed in the expression of AQP9.52

Aquaporins in Allergic Rhinitis—A
sthma—Chronic Obstructive
Pulmonary Disease

Allergic rhinitis (AR) is a chronic disease that
influences 40% of the global population and is
characterized by various inflammatory media-
tors such as histamine. The frequency of AR
continues to increase worldwide. Aquaporins
are a family of small membrane proteins that
preserve airway fluid homeostasis and interact
with asthma, airflow obstruction, pulmonary
edema, inflammation, and other environmental
factors.®® Juglans regia was shown to improve
allergic asthma by inhibiting inflammatory cyto-
kines and elevating protein expression levels of
AQP-4, and AQP-5.* Another study stated that
AQP3 potentiated ovalbumin-induced mouse
asthma by facilitating H,O, membrane permea-
bility, increasing chemokine production (CCL22
and CCL24), and T cell trafficking from alveolar
macrophages.®®

For individuals diagnosed with chronic obstruc-
tive pulmonary disease (COPD), airway inflam-
mation related to the infiltration of neutrophils,

macrophages, and T lymphocytes and elevated
levels of inflalmmatory cytokines are observed.
Oxidative stress plays an significant role in this
inflammatory state. Chronic inflammation may
cause spasms, narrowing of the bronchial walls,
and hyperplasia.®® In one study, with the deletion
of AQPS5, increased mucus secretion and higher
concentrations of the protein were found in the
upper respiratory tract of mice.®” Treatment
with hydrogen-rich saline reversed the decrease
in AQP5 levels in COPD rats, indicating its
potential for regulating mucus hypersecretion
through the modulation of AQPS5 expression.®®

Aquaporins in Psoriasis

Psoriasis is a chronic inflammatory skin condi-
tion identified by dysregulated skin immune
responses and impaired skin barrier func-
tion.®” Immune cells produce various inflamma-
tory cytokines such as IL-22 and IL-17, which
directly interact with the cells, causing psoriatic
inflammation and thereby causing the immune
response to cause local inflammation and kera-
tinocyte proliferation. A study conducted by
Hara-Chikuma et al”® on AQP3-deficient kera-
tinocytes and AQP3-deficient mice revealed an
additional role of AQP3 in the pathogenesis of
psoriasis by correlating the trigger of the NF-kB
pathway via extracellular HO uptake with AQP3
channel activity. When Lee et al’' compared
healthy skin with the skin of psoriasis patients,
they found that AQP3 protein expression was
reduced in perilesional and damaged skin.

Aquaporins in Otitis Media

Otitis media (OM) denotes inflammation of the
middle ear (ME), irrespective of the underly-
ing mechanism or cause.”” Alterations in the
water and electrolyte composition within the
mucosa of the ME may give rise to otorrhea
and ME effusion, potentially contributing to the
onset and persistence of ME diseases, including
OM.¢ Eleven AQP types, ranging from AQPI to
AQPI I, have been identified to be expressed in
the ME and eustachian tube through techniques
such as immunohistochemistry or WWestern
blotting. Earlier investigations of the human ME
have detected AQPS5 in the ME mucosa, AQP3
and AQPI0 in otitis media with effusion, and
AQPI, 2,3,4,5,6,8, 10, and || in the normal
human ME. Nonetheless, limited research has
been conducted to investigate the function and
role of AQPs in acute and chronic otitis media.
Aquaporins are believed to play a role in water
regulation, and alterations in the expression
patterns of various AQPs, particularly AQPI,
AQP4, and AQPS5, have been noted in response
to inflammatory stimuli such as LPS. This implies
that AQPs might possess immunological func-
tions in OM.”

Aquaporins in Inflammatory Bowel
Diseases

Enteritis is marked by aberrant water and elec-
trolyte transport phenomena, coupled with
inflammation and damage to the intestines.”* In
the early stages of inflammatory bowel disease
(IBD), a diminished mRNA expression of sev-
eral AQPs, such as AQPI, AQP3, AQP7, and
AQP8, has been evidenced in the human intes-
tinal mucosa, encompassing ulcerative colitis and
Crohn’s disease. Consequently, apical AQP8
immunolabeling is diminished in the surface epi-
thelium or crypts in the colon of IBD patients.”®
In the human colon, AQP3 expression is primar-
ily observed in mucosal epithelial cells, as indi-
cated by a particular study.”® Moreover, findings
indicate that AQP7 and AQPS8 are situated on
the apical side, contrasting with AQP3’s basolat-
eral localization. In the context of allergic diar-
rhea, Yamamoto et al”’ identified a reduction
in AQP4 and AQP8 expression in the colon.
Therefore, colon AQPs are novel therapeu-
tic targets for diarrhea and constipation. For
example, Camilleri et al”® found reduced AQP3
mRNA and protein abundance in reconstituted
rectal bacteria, predominantly with irritable
bowel syndrome, regardless of the presence or
absence of bile acid malabsorption, compared
with a healthy control group. Hence, AQP3 is
believed to have a crucial role in water trans-
port within the colon. Nevertheless, the physi-
ological role and regulation of AQP3 expression
are not fully understood. The analysis of AQP3
in the colon is thought to hold promise for the
development of novel methods and treatments
aimed at preventing diarrhea and constipation.”

Aquaporins in Neuromyelitis Optica

Neuromyelitis optica (NMO), mainly targeting
the optic nerve and spinal cord, is characterized
as an autoimmune disorder affecting the central
nervous system.® The discovery of autoanti-
bodies against AQP4-IgG has transformed the
understanding of the immunopathogenesis of
NMO, revolutionizing the diagnostic process.
Immunoglobulin G antibodies against AQP4-IgG
were positive in the majority of cases. AQP4 is
a water channel protein highly prevalent in the
CNS and is found in the terminal processes of
astrocytes. Autoreactive B cells from individu-
als with neuromyelitis optica spectrum disorder
(NMOSD) can produce AQP4 IgG following
IL-6 stimulation in conjunction with CD4+ T
cells. Activated B and T lymphocytes have the
capability to generate inflalmmatory cytokines,
traverse the brain microvascular endothelium,
and compromise the blood-brain barrier; ulti-
mately resulting in the infiltration of AQP4-IgG
and other immune cells like granulocytes and
macrophages into the CNS.8' The identification
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of AQP4-lgG and the comprehension of
NMOSD immunobiology have led to the evolu-
tion of clinical approaches involving monoclonal
antibodies against cytokine receptors, B cells,
and activated complement. However, additional
research is imperative due to a lack of informa-
tion regarding pathogens and immunogenicity in
seronegative patients. In the future, new treat-
ments based on other immune targets may be
developed to obstruct NMOSD attacks with
minimal side effects and lower the risk of per-
manent disability.s?

Aquaporins in Endometriosis
Endometriosis is a chronic, hormone-depen-
dent, and inflammatory condition distinguished
by histological lesions caused by the presence
of endometrial tissue beyond the limits of the
uterine cavity® Particularly, 9 out of the I3
total AQPs identified in mammals (AQPI, 2,
3,4,5 6,8 9, and |l) have been identified in
the human female reproductive system. Hence,
these AQPs have significant functions in the
female reproductive system, participating in
processes such as cervical maturation, vaginal
lubrication, implantation, egg transport, inhibi-
tion of uterine water, oocyte cryopreservation,
follicle maturation, and blastocyst formation.®*
Specificall, AQP| may potentially be involved
in endometriosis through modulation of the
Whit/B-catenin  signaling pathway®> AQP2 is
found in the endometrial tissues of patients
with endometriosis and EC 2 estrogen-depen-
dent diseases. Another study indicated that the
expression of AQP5 might also have a significant
role in the pathogenesis of endometriosis. In this
context, the downregulation of AQP9 was asso-
ciated with enhanced cell migration and invasion,
mediated by the activation of ERK/p38 MAPK
signaling pathways.** AQP2, AQPS, and AQPS8
exhibit higher expression levels in eutopic endo-
metrial cells compared to ectopic endometrial
cells. This implies that eutopic endometrial cells
demonstrate more robust migratory activity
than their ectopic counterparts in women with
endometriosis.*” Therefore, further studies are
necessary to elucidate the precise signal-regula-
tory function of AQPs.8

Aquaporins in Acute Kidney Injury

Acute kidney injury (AKI) is a global syndrome
marked by a swift reduction in glomerular fil-
tration, resulting in elevated morbidity and
mortality rates® A growing number of stud-
ies indicate that nephritis is one of the principal
pathological changes revealed in AKl4. Acute
kidney injury is the leading cause of death from
sepsis, caused by an abnormal inflammatory
response to infection”® In the kidney, 8 AQPs,
including AQP[-AQP7 and AQPI I, which play

a role in tissue development, metabolism, and
regulation of urine concentration, are found in
different cells and segments.” One study pro-
posed that in a mouse model of sepsis induced
by CLP, the expression of AQP2 was downregu-
lated through NF-kB, potentially leading to acute
renal failure in sepsis.® Renal ischemia/reper-
fusion (I/R) injury is a prevalent cause of AKI.
Numerous studies have demonstrated a close
association between AQP expression and I/R-
induced AKI. The urinary exosomal secretion
of AQPI and AQP2 was found to be reduced
during the AKI stage and in rats undergoing
unilateral and bilateral I/R*? Lei and colleagues™
showed that AQP3 knockdown worsened kid-
ney injury by inhibiting MAPK signaling in I/R
mice and increasing apoptosis. In a compre-
hensive analysis of differential gene expression
in animals adapted to desert environments, it
was revealed that AQP4 expression significantly
decreased during acute dehydration. This sug-
gests that AQP4 might contribute to water uti-
lization, potentially playing a role in preventing
kidney damage.”* Therefore, correction or res-
toration of AQPs may preserve patients from
AKl up to a certain point.

Aquaporins in Gastritis

Various mechanisms play a role in the patho-
genesis of gastritis, depending on the causes.
However, pathological consequences such as cell
changes (degeneration, apoptosis, and necrosis),
inflammation, bleeding, and barrier damage in
the gastric mucosa are similar” Aquaporins in
gastric physiology are believed to serve various
functions, encompassing gastric juice secretion,
water transfer, barrier function, the secretion
and absorption of water, and even small solutes
through the epithelium.®® So far, a minimum of 10
types of AQPs (AQPI-AQPI |') have been dem-
onstrated to be found in the human stomach.”
Certain AQPs have been identified in cases of
chronic gastritis. Specificall, AQP3 mRNA has
been observed in patients with chronic atrophic
and chronic superficial gastritis. Notably, there is
a significantly higher expression of AQP3 in the
gastric mucosa of individuals with chronic super-
ficial gastritis when compared to those with
chronic atrophic gastritis.”® Furthermore, an
additional study demonstrated the significance
of both AQP| and AQP4 in preserving mucosal
integrity. The study indicated that the expres-
sion of these AQPs in the stomach increases
during ethanol-induced edema and after gastric
injury.”® In a separate study, it was demonstrated
that AQP3, along with other AQP5, AQP7, and
AQPI I, exhibited upregulation at the mRNA
level in cases of atrophic gastritis.'® Thus, these
findings suggest that the expression of various
AQP subtypes (including AQPI, AQP3, AQP4,

AQPS5, AQP7, and AQPI 1) is heightened in the
presence of gastritis. Further investigations are
warranted to explore their potential utility as
diagnostic biomarkers and therapeutic targets in
the management of gastritis.

Conclusion

Inflammation is an intricate mechanism that
plays a pivotal role in sustaining mammalian
physiology. The involvement of AQPs in numer-
ous vital cellular processes essential for resolving
inflammation, including antigen uptake, migra-
tion, inflammasome activation, and phagocytosis,
along with their participation in various models
of inflammatory diseases, positions these mem-
brane proteins as promising targets for drug dis-
covery. Modulating the presence or functionality
of AQPs through bioactive compounds or drugs
holds the potential to offer novel therapeutic
avenues for a range of diseases characterized by
disruptions in cellular homeostasis and inflam-
matory processes. Therefore, research endeav-
ors should concentrate on the creation of AQP
blockers and modulators to address therapeutic
requirements and enhance our comprehension
of the role of AQPs in combating inflammatory
diseases.
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