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INTRODUCTION

Cathepsin G (CathG) is a serine protease that controls the functional state of immune cells and
is traditionally considered to be one of the effectors of inflammation (1). The substrate specificity
of human CathG is dual, combining trypsin and chymotrypsin-like properties, thus, CathG can
cleave peptide bonds formed by the carboxyl group of both positively charged (arginine, lysine)
and aromatic (phenylalanine, leucine, tyrosine) amino acid residues (2). CathG gene is mainly
expressed in polymorphonuclear neutrophils which are the first cells recruited to inflammatory
sites (3). As a component of neutrophil proteolytic machinery CathG regulates the inflammatory
responses by stimulating the production of cytokines and chemokines, which are responsible for
the activation and mobilization of immune cells to the site of pathogen and/or tissue damage
(1, 3). CathG activates metalloproteases and cleaves extracellular matrix proteins, contributing to
neutrophil migration (4). CathG-specific hydrolysis of receptors, enzymes, cytokines, and other
biologically active peptides leads to a modulation of chemotaxis and intercellular interactions,
activation of the local renin-angiotensin system (RAS) of granulocytes, initiation of apoptosis,
and many other processes (5-7). CathG is synthesized by immunocytes both in a secretory form
(neutrophils, mast cells), and in a form of intracellular protein (antigen-presenting cells) (8-10).
CathG is also found in some non-myeloid cells, such as endothelial and smooth muscle cells, brain
astrocytes and fibroblasts (11-13). The role of this protease is not limited to the reactions of innate
immunity—CathG participates in the presentation of antigens and stimulation of specific immune
responses (9, 10). Besides, the enzyme neutralizes toxins and has antimicrobial properties (14).

CathG activity is involved in the pathogenesis of some diseases associated with chronic
inflammatory processes such as various neuropathies, atherosclerosis, chronic obstructive
pulmonary disease, tumor processes and others (15-18). Functional activity of CathG paradoxically
combines pro-inflammatory and anti-inflammatory properties which depend on the physiological
conditions, the location of CathG secretion and the nature of the substrate. The final result of
CathG-mediated proteolysis can lead to an increase in the inflammatory response or, conversely,
to inflammation suppression (19). For example, elastinolytic activity of CathG promotes early
atherogenesis; on the other hand, CathG inhibits the progression of atherosclerosis, destroying
low density lipoproteins (LDL) (11). Multifunctional protease CathG is thought to be critically
important in the maintenance of the delicate balance between tissue protection and destruction
during inflammatory responses (6). Multiple studies indicate a very wide spectrum of CathG
biological activity including regulatory, bactericidal, and destructive functions, which suggests the
active involvement of CathG in protective and regenerative reactions.

CathG was detected extracellularly in the small intestine of patients with Crohn’s disease as a
result of local neutrophil degranulation (20). Recent data indicate the presence of this protease
not only in the inflamed duodenal mucosa, where CathG is localized mainly in neutrophils, but
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also in the normal uninflamed mucous membranes (21, 22). The
discovery of Paneth cells (PCs) as an alternative source of CathG
biosynthesis in the duodenal mucosa indicates constitutive
synthesis and secretion of the enzyme in the crypt epithelium
(22). Using CathG as an example, we hypothesize that this
immune protease can regulate not only inflammation, but may
be involved also in normal physiological processes such as
digestion, smooth muscle contraction, epithelial renewal, tissue
remodeling, and others.

CATHEPSIN G BIOSYNTHESIS IN
DUODENAL MUCOSA

Biosynthesis of CathG in the normal mucous membrane
in duodenum was identified in some types of immune
cells (intraepithelial lymphocytes, lamina propria lymphocytes,
CD14-positive intestinal macrophages) and in PCs—specialized
epithelial cells underlying Lieberkiin crypts (22). CathG in PCs
was localized in the secretory granules and secretory ducts (22).
Belonging to the cell type that stands at the interface of host-
microbial interaction, PCs normally secrete antimicrobial factors
such as defensins, lysozyme, phospholipase 2, immunoglobulin
A (IgA), etc. into a crypt lumen, which protects the intestinal
stem cells from potentially dangerous damage by pathogens
(23). Granule release from PCs into the lumen may occur
continuously at a low rate, although diverse stimuli are known
to trigger collective discharging of PCs (24). Secretory granules
of human PCs also contain trypsin, a well-known digestive
protease which is thought to be responsible for the maturation
of antimicrobial peptide a-defensin-5 from its precursor (25).
Thus, CathG is the second known serine protease that is found
in PCs. According to the published data, CathG does not affect
defensin processing (26) however other antimicrobial properties
of CathG may indicate its role in the antibacterial protection of
epithelial cells.

POTENTIAL SUBSTRATES OF CATHEPSIN
G IN INTESTINAL MUCOSA

Since CathG has a capacity for protein processing, the enzyme
is likely to be involved in the activation of biologically active
molecules localized in the epithelial layer. CathG synthesis and
secretion by PCs as well as observed sorption of the enzyme
on the brush border (22) indicates the possibility of direct
contact between CathG and its potential substrates, such as
enteropeptidase zymogen (27) and components of the local
intestinal renin-angiotensin system (RAS), expressed on the
surface of the epithelium (28).

Enteropeptidase is a membrane protein of enterocytes which
plays a key role in the digestive cascade, cleaving pancreatic
trypsinogen to produce trypsin, thereby leading to the activation
of other pancreatic zymogens by trypsin (29). A single chain
precursor of enteropeptidase apparently undergoes proteolytic
processing by unknown protease. It can be hypothesized
that CathG activates enteropeptidase because CathG is the
closest structural and functional analog of duodenase, a

potential activator of bovine enteropeptidase (30, 31). Thus,
CathG can participate in the digestive process by activating
digestive proteases.

It is known that trypsin from PCs is stored as an inactive
zymogen, and its proteolytic activator has not been identified
(25). Tt is possible that CathG-activated enteropeptidase cleaves
PCs-derived trypsinogen; trypsin in turn acts as prodefensin-
convertase contributing to the innate defense of crypts. In
this context there is a promising direction of the practically
unexplored relationship of digestion and immunity where the
link may be multifunctional regulatory proteases, such as
CathG, the functional activity of which can affect both the
digestive process and protective immune reactions. Multiple
functions of various molecules are well-known: trypsin, a
digestive protease, is also involved in protective reactions,
as mentioned above. We can indicate other examples of
the relationships between normal physiological processes and
immune responses: for example, neurohormone melatonin,
internal synchronizer of circadian rhythms, mediates the
activation and proliferation of intestinal mucosal immune cells
(32) etc.

CathG is shown to activate renin and convert angiotensin
(5, 33). Consequently, CathG secreted by PCs can also affect local
renin-angiotensin system in small intestine which is involved in
the regulation of many functional and adaptation processes such
as secretory/transport functions, smooth muscle contraction,
epithelial renewal, tissue remodeling, and some others (34). Thus,
the activity of CathG, synthesized by PCs, may be directly related
to the normal functioning and maintenance of homeostasis in the
small intestine.

EFFECT OF CATHEPSIN G ON THE
EPITHELIAL LAYER

The effect of CathG on the epithelial layer can be either
destructive or integrative, which in turn contributes to
the disturbance or preservation of barrier function of the
epithelium. It is assumed that the destroyed integrity of
the epithelial barrier in ulcerative colitis is associated with
the activation of the protease-activated receptors 4 (PAR 4)
in the epithelium of large intestinal glands by neutrophilic
CathG (35). Additionally, CathG from neutrophils has
angiotensin-converting properties and contributes to an
increase in the local angiotensin II concentration in the
inflamed sites (5), which leads to apoptosis of epithelial cells
and, as a result, to a violation of the epithelium barrier
properties (36). On the other hand, CathG from PCs
secreted within the epithelial monolayer, can regulate the
function of E-cadherin and thus promote cell adhesion, and,
therefore, the formation and maintenance of the intestinal
barrier (37).

An enormous antigen load in the intestinal lumen stimulates
chronic immune system activation in the normal gastrointestinal
tract. Innate immunity cells participate in a complex regulatory
system responsible for the balance between physiological and
pathological inflammation, while CathG is believed to be a
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factor maintaining a fine balance between tissue protection and
its damage in inflammation. Since pathological inflammation
leads to a disruption of the epithelial barrier integrity
and the development of a number of serious pathology
such as inflammatory bowel disease, the role of CathG
can be significant in maintenance of the normal state of
the intestine.

DISCUSSION

Proteases of the gastrointestinal tract are involved not only in
the functioning of the digestive conveyor hydrolyzing nutrients,
but also control a variety of cellular processes, providing tissue
renewal and remodeling, smooth muscle contractility, hormonal
regulation, and gut protection (38). In this work we aimed to
focus on the role of the immune protease—CathG—in normal
functioning of the intestines, meaning metabolic, protective, and
adaptive processes, while the activity of this enzyme, including

one in the intestinal mucosa, is traditionally considered in
connection with the inflammatory process, accompanied by the
migration of neutrophils synthesizing CathG. A new opinion on
the role of CathG is associated with the discovery of an alternative
source of CathG biosynthesis in the uninflamed intestinal
mucosa—specialized epithelial cells—PCs and the secretion of
this enzyme in the epithelial zone, where potential CathG
substrates are localized. Available data indicate a significant
biosynthesis of CathG in the normal intestinal mucosa, where
neutrophils are sparse (22). We focused on the potential role
of the protease in the processes associated with the intestinal
functioning in order to indicate the possible role of CathG in
the balance between physiological and pathological conditions
of the intestinal mucous membrane. The role of CathG can
be important in the development of such pathologies as
inflammatory bowel diseases, the mechanisms of which are still
not completely understood. The novel data concerning synthesis
and secretion of CathG by PCs, as well as the presence of

PANETH CELLS

METABOLIC, PROTECTIVE
. AND ADAPTIVE PROCESSES

INITIATING THE
EMERGENCE OF ACTIVE
ANG Il IN THE INTESTINAL

ACTIVATION OF THE

LOCAL INTESTINAL = EBTHEIU
RAS i ale
REGULATION OF
SECRETORY/TRANSPORT
FUNCTIONS, PROTECTIVE/
RECOVERY PROCESSES
ACTIVATION OF PANCREATIC
TRYPSIN AND OTHER DIGESTIVE
ACTIVATION OF — ENZYMES
ENTEROPEPTIDASE ———
LR -> PANETH CELL-
DERIVEDTRYPSIN | Ly
DEFENSIN
PROCESSING AND
ANTIMICROBIAL
PROTECTION OF
REGULATION OF THE CRYPT
E-CADHERIN =) | FORMATION AND MAINTENANCE
FUNCTION OF THE BARRIER PROPERTIES OF

THE INTESTINAL EPITHELIUM

permission of the Journals].

CATHEPSIN G

NEUTROPHILS

INFLAMMATION

STIMULATING CYTOKINE ACTIVATION AND
AND CHEMOKINE —» | MOBILIZATION OF THE
PRODUCTION IMMUNE CELLS
ALIIYAIION | REGULATING THE
INACTIVATION OF
RECETORS Ol i —p | FUNCTIONAL STATE OF
NEUTROPHIL SURFACE MEUTROPHILS
ACTIVATION OF
METALLOPROTEASES NEUTROPHIL
AND CLEAVING OF MIGRATION
EXTRACELLULAR
MATRIX
ACTIVATION OF THE gL
PRODUCTION

LOCAL RAS ON THE = 1,
NEUTROPHIL CELL INITIATION
SUREACE OF APOPTOSIS,

DISTURBANCE OF THE

EPITHELIAL BARRIER

ACTIVATION OF
INTESTINAL EPITHELIAL = VIOLATION OF THE

INTEGRITY OF THE

CELL RECEPTORS (PAR4) EPITHELIAL BARRIER

FIGURE 1 | CathG—between norm and inflammation: the role of CathG in the intestinal mucosa. The inserts show CathG-specific fluorescence (green) in the
intestinal gland (left); PCs are shown by dashed lines; the secretory duct is indicated by an arrow (left insert); CathG in the neutrophils (right insert). Images were
obtained by immunohistochemistry and confocal microscopy [are given with modification from Zamolodchikova et al. (21, 22); relevant data are published with the
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this enzyme in the immune cells in normal duodenal mucosa
makes significant progress in understanding the role of this
enzyme in the intestinal mucosa. Known more as a neutrophilic
pro-inflammatory factor, CathG is also a constitutive enzyme
of the normal intestinal mucosa where the protease is likely
involved in the activation of proteases, receptors, and peptides
in the epithelial layer, participating in the regulation of normal
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