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Chronic liver diseases are characterized by the activation of stellate cells and increased extracellular matrix (ECM) accu-

mulation, which leads to the evolution and advancement of liver fibrosis. Hepatic fibrogenesis is based on an imbalance be-
tween the collection and degradation of ECM, caused, among other things, by impaired matrix metalloproteinases (MMPs)
expression. The review presents data on the biological role of various MMPs in normal and liver diseases. Clarifying the place
of MMP in noninvasive and early diagnosis of chronic liver diseases will optimize the management of this category of patients.
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XpoHuyeckune 3aboneBaHns NeYeHn XxapakTepusylTCsa akTBaunen 38e3a4aTthbixX KNETOK M MOBbILLEHHOW akKyMynsiunei
BHEKJIETOYHOro matpukca (BKM), 4To npnBoanT K pasBuTuo U NporpeccrupoBaHmio prnbposa nevyeHn. B ocHoBe neyeHo4YHOo-
ro pubporeHesa nexumT gucbanaHc Mexay HakonneHnem n gerpagaunein BKM, o6ycnoBneHHbIl, B TOM YMCIE, HAapyLUEHHOM
aKcrnpeccuen MaTpuKcHbIX MeTannonpoTtenHas (MMI1). B 063ope npeactaBneHbl AaHHble 0 GMON0Ornyeckon ponn pasamy-
Hbix MMI1 B HOpME 1 Npy naTonornv neveHun. YtoyHenne mecta MMM B HeMHBa3MBHOM U paHHEN ANArHOCTUKE XPOHUYECKNX

3aboneBaHnii nevyeHn No3BonseT onTMMN3NPOBaTb BeaeHne LaHHOM KaTteropumum BOOJIbHbIX.
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ECM - extracellular matrix
HBV - hepatitis B virus
HCC - hepatocellular carcinoma

HCV - hepatitis C virus
MMP - matrix metalloproteinase
TIMP- tissue inhibitor of matrix metalloproteinases

cellular interactions, cell adhesion, migration,

proliferation, differentiation and survival. It sup-
ports the cellular infrastructure by creating mecha-
nical scaffolds and is responsible for cell metabo-
lism [1-3]. Cell-matrix interactions are carried out
through a complex receptor system, including in
conjunction with growth factors, cytokines, hor-
mones, and other bioactive molecules [2].

The predominant structural components of liver
ECM are collagen type |, lll, V (interstitial proteins), type
IV (in basement membranes), proteoglycans, laminin,
fibronectin, etc. [1, 4]. Collagen fibers provide the
basis for adhesion and restriction of cell movement.
ECM proteins are found in Glisson’s capsule, in the
subendothelial space of Disse, periportally [1]. Excessive
synthesis of ECM components (type | collagen, type llI
collagen, type IV collagen, fibronectin, undulin, elastin,
laminin, hyaluronan, and proteoglycans) leads to the
evolution and advancement of liver fibrosis [5]. As aresult

ECM consists of molecules necessary for inter-

of ECM degradation, cells begin to migrate, which is one
of the mechanisms accompanying tumour cell invasion.

A significant contribution in the regulation of the
composition of liver ECM, both towards excessive
synthesis (fibrogenesis) and towards noticeable
degradation (fibrinolysis), is played by MMPs and their
inhibitors, which use various substrates [6, 7]. In a normal
liver, MMPs and their inhibitors are in dynamic balance,
regulating the level of production of ECM components
[5]. In activated stellate cells, the TIMP-1 expression
is increased, which is aimed at inhibiting MMPs and
accumulating ECM components. However, these same
cells can conduce fibrosis regression through the
liberation of degrading proteases [2, 8].

MMPs belong to a superfamily that includes four
families: matrixins, astracins, bacterial serralisins, and
adamalysins. MMPs or matrixins are calcium-dependent
(zinc containing) endopeptidases that degrade
components, regulate integrity and composition, and are
involved in ECM signaling [2, 9, 10].
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Almost all MMPs play a role in fibrosis, fibrinolysis,
carcinogenesis, and liver regeneration [8]. In addition
to ECM components (collagen, gelatin, elastin, and
fibronectin), MMPs can cause cleavage of cell surface
molecules and pericellular non-matrix proteins (leading
to regulation of cell behavior), other regulatory molecules
(serine protease inhibitors, cytokines, chemokines,
adhesion molecules). They are involved in the implantation
of trophoblast, embryogenesis, remodeling of bone,
growth of neurons, wound healing, tissue regeneration,
innate immune response and adaptive immune response,
inflammation, and angiogenesis. Some MMPs have
functions independent of catalytic activity: the hemopexin
domain of MMP-12 has antimicrobial activity [11]. MMP-9
promotes HBV replication by suppressing the action of
interferon-a [12] and activation of MMP-9 by B-estradiol
and its extracellular space export leading to occludin
cleavage, which suppresses the penetration and spread
of HCV [13]. In general, MMPs regulate essential cellular
processes like proliferation, differentiation, cellular
migration, the process of adhesion, and cellular apoptosis,
as well as influence gene expression and numerous
aspects of inflammation [1, 2, 6, 8]. Due to their functions,
MMPs and TIMPs play a crucial role in developing and
advancing many inflammatory, autoimmune, fibrotic,
oncological, and infectious diseases [2, 14].

To date, 28 MMPs have been discovered in
vertebrates and 24 in humans. Human MMPs can be
divided into six groups depending on substrate and
structural specificity: collagenase group (MMP-1, MMP-8,
MMP-13), stromelysin group (MMP-3, MMP-10,
MMP-11, MMP -17), gelatinase group (MMP-2, MMP-9),
matrilysin group (MMP-7, MMP-26), membrane MMPs
group (MMP-14, MMP-15, MMP-16, MMP-17, MMP-24,
MMP-25), others MMPs (MMP-12, MMP-19, MMP-20,
MMP-21, MMP-22, MMP-23, MMP-27, MMP-28). There
are 24 genes encoding MMPs [1, 2,7, 8, 15].

MMPs have a similar molecular structure, represented
by several (5-6) domains:

—signal domain (N-terminal sequence) — a predomain
of 18-20 amino acids, which is detached upon enzyme
activation;

— a propeptide comprising about 80 amino acid
residues, including a cysteine residue («cysteine switch»)
that interacts with the zinc ion of the catalytic domain
(due to this, the enzyme is in an inactive (latent) state);

— the catalytic domain consists of about 170 amino
acids, two zinc ions, and a minimum of one calcium ion.
It coordinates the zinc ion by binding it to three histi-
dine residues. The domain has a «methionine loop»
of 8 methionine residues, which provides the correct
spatial arrangement of the active center around the zinc
ion;

— the linker loop domain or linker peptide (hinge
region) is rich in proline, includes amino acid residues
located in an arbitrary sequence, acts as a linking site
between the catalytic and hemopexin-like domains;

— hemopexin domain contains about 200 amino acid
residues and regulates specific interaction with the
substrate and endogenous inhibitors [2, 3, 9, 16].

Based on structural diversity, several categories of
MMPs are distinguished [2]:

a) archetypal MMPs, including collagenase group
(MMP-1, MMP-8, MMP-13), stromelysin group (MMP-3,
MMP-10), and other MMPs (MMP-12, MMP-19, MMP-20,
MMP-22, MMP-27). They contain a hemopexin domain, a
catalytic domain, a hinge, an amino-terminal propeptide,
and a signaling peptide inducing secretion from cells;

b) gelatinases (MMP-2, MMP-9) resembling the
structure of archetypal MMPs, containing a fibronectin
domain;
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c) matrilysins (MMP-7, MMP-26) are structurally
similar to archetypal MMPs, but lack the domain of
hemopexin;

d) secreted MMPs (MMP-11, MMP-21, MMP-28)
contain a cleavable furin-like domain;

e) membrane MMPs (MMP-14, MMP-15, MMP-16,
MMP-24) are localized on the cell surface and contain
furin-like cleavage and transmembrane domains;

f) membrane MMPs (MMP-17, MMP-25) resemble
archetypal MMPs and consist of a C-terminal
glycosylphosphatidylinositol membrane anchor;

g) other MMPs (MMP-23A, MMP-23B) also
resemble archetypal MMPs, do not have a hemopexin
domain, contain the N-terminal domain of TM-Il and the
cytoplasmic C-terminal domain of the immunoglobulin-
like adhesion molecule (Ig-CAM) [16, 17].

MMPs are produced as pre-proenzymes (MMP-11
and MMP-28 are secreted in the active form), which
are activated in the non-proteolytic or proteolytic way in
the extracellular space [7]. During translation, a signal
peptide is removed from pre-pro-MMP to form pro-MMP.
Then, under the influence of enzymes (serine proteases,
endopeptidases, furin, plasmin, etc.), the «cysteine
switch» is lysed. The propeptide is detached from the
catalytic domain, which leads to the binding of the water
molecule in the propeptide to the zinc ion, catalysis, and
cleavage of the substrate, i.e., MMP is converted into an
active form [2, 6, 8, 15, 16].

MMP activity and expression are regulated at various
levels, such as gene transcription, activation, enzyme
secretion, and the influence of endogenous inhibitors
[6]. Regulation of MMP activity is a multilevel process. Its
violation leads to a change in the structural and functional
organization of tissues [1, 3, 9].

MMPs are produced by various types of cells, including
fibroblasts, epithelial, endothelial, and inflammatory cells
(neutrophils, monocytes, macrophages) [6, 16]. In the
liver, all cells (hepatocytes, stellate cells, fibroblasts,
sinusoidal endotheliocytes, hepatic macrophages
(resident Kupffer cells, infiltrated macrophages),
leukocytes) are capable of synthesizing MMPs; stellate
cells are the primary producers [2, 9, 16].

Although MMPs are known for their antifibrotic
effect due to the ability to destroy ECM proteins,
under various pathological conditions, they can have a
profibrotic impact by activating or inactivating cytokines,
chemokines, growth factors, and adhesion molecules
[6, 9, 16]. MMPs play a crucial role in ECM remodeling;
however, disturbances in their expression and/or activity
contribute to the advancement of liver diseases [2].

Several MMPs are involved in the initiation,
advancement, and resolution of liver diseases, whose
expression differs depending on acute liver injury, acute
or chronic inflammation, liver fibrosis/cirrhosis, HCC,
and metastasis of HCC. Few MMPs are involved in the
regeneration of liver [1, 8, 18]:

- MMP-3, MMP-8, MMP-9, MMP-10, MMP-12,
MMP-13 and MMP-14 induce liver inflammation by
participating in the release of cytokines that initiate
infiltration and activation of macrophages and leukocytes;

-~ MMP-7, MMP-9, MMP-10, MMP-12, MMP-16 and
MMP-19 are involved in the progression of fibrosis and
ECM remodelling;

- MMP-1, MMP-2, MMP-8 and MMP-13 (indirectly
MMP-10, MMP-24) are involved in liver fibrosis resolution
by degradation of the ECM;

- MMP-2, MMP-3, MMP-7, MMP-8, MMP-9, MMP-10,
MMP-11, MMP-12, MMP-13, MMP-14, MMP-16 and
MMP-28 are associated with HCC development;

— metastasis of HCC is a complex cascade of events
consisting of endothelial-mesenchymal transition (MMP-3,
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MMP-9, MMP-11, MMP-12), cellular invasion (MMP-2,
MMP-3, MMP-8, MMP-9, MMP-10, MMP-13, MMP-14,
MMP-16, MMP-28), angiogenesis (MMP-9, MMP-10),
intravasation into the bloodstream (MMP-2, MMP-3,
MMP-7, MMP-8, MMP-9, MMP-10, MMP-11, MMP-14),
extravasation to other tissues (MMP-2, MMP-3, MMP-7,
MMP-9, MMP-10, MMP-11, MMP-13, MMP-14, MMP-16,
MMP-28).

MMPs are considered as «direct» (which reflects
ECM turnover) and «indirect» (reflecting impaired liver
function) biomarkers for diagnosing and determining the
stage of liver fibrosis [2].

MMP-1 (collagenase-1, interstitial collagenase, fibro-
blast collagenase) plays a role in the regression of inflam-
mation and fibrosis and promotes recovery and rege-
neration of the liver. It cleaves ECM substrates and other
substrates such as collagen (types | and lll); laminin; ge-
latin; complement C1q; interleukin-1f; and tumor necro-
sis factor-a. MMP-1 can activate MMP-2 and MMP-9. It is
constitutively expressed in the normal liver; in pathologi-
cal conditions, itis expressed by stellate and inflammatory
cells (mast cells, Kupffer cells, monocytes) [2, 6, 18].

In chronic hepatitis C patients, the level of MMP-1
in the blood was negatively associated with the severity
of the disease, and the combination of alpha-fetoprotein,
collagen llI/MMP-1 ratio, a ratio of aspartate aminotrans-
ferase/alanine aminotransferase and platelet count was
significant in predicting the stage of fibrosis F2-F4 [19].
Increased MMP-1 expression in monocytes, Kupffer cells,
and stellate cells was observed only in the early stages of
non-alcoholic steatohepatitis, which indicates an inverse
correlation of MMP-1 with hepatic fibrosis progression
[20]. However, itis believed that MMP-1 enhances fibrosis
in non-alcoholic steatohepatitis [6]. In chronic hepatitis C
patients and patients with non-alcoholic steatohepatitis,
blood levels of MMP-1 were associated with early fibrosis
(necro- and fibro-inflammation). At the same time, such
a relationship was absent in the late fibrosis stages [20].
There were no differences in MMP-1 activity in alcoholic
liver disease patients depending on the existence or non-
existence of cirrhosis [21].

In models of liver fibrosis, hyperexpression of MMP-1
led to areduction in fibrosis, promoted the degradation of
ECM (collagen types | and Ill), an induced proliferation
of hepatocytes and regeneration of the liver, and
apoptosis of stellate cells [2, 8, 22]. The imbalance
between MMP-1 and TIMP-1 in favor of the prevalence of
the latter is an essential mechanism of liver fibrosis [22].

Intravenous administration of pro-MMP-1 within the
adenoviral vector (AdSMMP-1) reduced liver fibrosis
in rats, accompanied by an increase in the expression
of MMP-1 and its activity in the liver. ECM degradation
against this background was accompanied by repression,
dissolution, and/or apoptosis of the activated stellate
cells. Thisledtoadropin TIMP expressionand anincrease
in hepatocyte proliferation (liver regeneration) [2].
Transplantation of stem cells of bone marrow containing
an adenoviral vector with MMP-1 induced the synthesis
of MMP-1 (and MMP-14), reduced the collagen levels,
and attenuated the stellate cell activation, resulting in a
reduction in liver damage and fibrosis [22, 23].

Allelic polymorphism of MMP-1 is involved in HCC
development [24].

MMP-2 (gelatinase A) is localized in vascular areas
and is involved in maintaining vascular homeostasis and
remodeling the ECM of the liver [1, 6]. It is expressed by
numerous liver cells, more often by stellate and Kupffer
cells. Itissecreted as a proenzyme activated by MMP-1and
MMP-14 [2, 6]. Unlike collagenases, gelatinases (MMP-
2 and MMP-9) are involved in the binding and cleavage
of denatured tropocollagen, which suggests a consistent

and synergistic behavior of collagenases and gelatinases
during the degradation of collagen [25]. MMP-2 induces
the production of reactive oxygen species and can cause
inflammation [2]. MMP-2 activity is inversely proportional
to the activity of MMP-9 [6].

In alcoholic liver disease patients, the content of
MMP-2 in the blood increases at all stages of cirrhosis,
while the MMP-8 and MMP-9 levels are grown only in
severe cirrhosis (stage C) [26].

MMP-2 is involved in both progression and regression
of fibrosis [2, 6]. Regardless of etiology (in the absence
of expression in the normal liver), a correlation of
MMP-2 expression with the progression of fibrosis was
found, which indicates a profibrogenic potential [2].
Increased MMP-2 expression was connected with chronic
hepatitis, ischemia-reperfusion injury, alcoholic cirrhosis,
biliary atresia, and HCC [26]. Increased expression and
activity in hepatocytes of MMP-2 positively correlated with
the severity of fibrosis [27]. Elevated levels of inflammatory
mediators (interleukin-1) enhance the synthesis of MMPs
and their secretion, including that of MMP-2. In contrast,
the activated MMPs are involved in the degradation and
negative regulation of the activity interleukin-1 [2].

MMP-2 suppresses the expression of type | collagen
activated by stellate cells; its absence contributes to
increased liver fibrosis [8]. Thus, in mice with MMP-2
deficiency, an increased fibrotic profile was observed, as
well as the acceleration of fibrosis induced by toxins and
cholestasis [2]. MMP-2 mRNA expression was increased
at all fibrosis stages, but active MMP-2 was found in later
stages (during fibrosis resolution), indicating its role in
liver damage resolution [28].

In vitro, delivery of MMP-2 RNA coupled with vitamin
A to stellate cells inhibited the activation and proliferation
of stellate cells and reduced the deposition of collagen
I [29]. Rosmarinic acid returned activated stellate cells
to the resting phenotype, inhibited MMP-2 activity, and
suppressed reactive oxygen species, lipid peroxidation,
and oxidative stress [30].

MMP-3 (stromelysin-1) is produced as pro-MMP-3
and is activated by serine proteases. Regulates remo-
deling of ECM, having the ability to cleave proteoglycans,
fibronectin, laminin, gelatin, elastin, and various types of
collagens, and also activates other MMPs (MMP-1, -7, -9)
[2]. MMP-3 is involved in the early stages of fibrosis during
inflammation; therefore, it is expressed not only by stellate
cells but also by infiltrated macrophages [2, 6].

Increased MMP-3 expression was observed in liver
inflammation caused by ischemia-reperfusion injury,
HCC (and metastasis). A decrease in the expression of
MMP-3 by stellate cells and macrophages was observed
during fibrosis resolution [2]. MMP-3 expression also
regulated the induction of liver cirrhosis in rats [6].

MMP-3 is involved in hepatocyte growth factor-
induced cell invasion and metastasis of HCC, with
higher levels of expression observed in tumour cells
and around blood vessels. MMP-3 polymorphism has
been associated with fibrosis progression and poor HCC
prognosis [2, 6, 8].

MMP-7 (matrilysin-7) is secreted by bile duct
epithelial cells, Kupffer cells, and periportal hepatocytes
and is associated with tissue remodeling in liver fibrosis,
including that due to biliary atresia [2, 6, 31]. In the
normal liver, MMP-7 expression is practically absent [8].
Increased MMP-7 expression in the epithelium of biliary
tract and periportal hepatocytes positively correlated
with blood levels of MMP-7 and liver fibrosis associated
with biliary atresia [32]. It is assumed that MMP-7 is a
prognostic marker of biliary atresia [33, 34].

MMP-7 expression was increased in many types of
cancer, such as breast, lung, prostate, and ovarian cancer,
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and benign and malignant colorectal tumours [6]. It has
the maximum ability to destroy elastin, which is contained
in the blood vessels’ basement membrane, which implies
the potential for metastasis to the portal vein through a
hematogenousway [2]. The expression of MMP-7 produced
by tumour cells (including the activity of mRNA, protein and
enzyme) was noticed in patients with liver metastases of
colorectal carcinoma. However, there is no information on
the hyperexpression of MMP-7 in liver tissue in HCC [8].

In addition, MMP-7 is expressed by liver progenitor
cells and is associated with regulating regeneration in
liver damage [2].

MMP-8 (collagenase-2), synthesized by neutrophils
and macrophages, isinvolved in fibrosis resolution through
the destruction of collagen and the control of inflammation
by breaking down cytokines and chemokines [35]. Infil-
trated neutrophils are accountable for the expression of
MMP-8 during recovery after cholestatic liver injury [8].
However, in acute hepatitis in mice induced by tumour
necrosis factor-a, deficiency of MMP-8 disrupted leuko-
cyte migration and chemokine release, indicating MMP-8
positive role in the regulation of acute inflammation [2,
6]. MMP-8 expression was associated with increased ex-
pression of hepatocyte growth factor and proliferation of
hepatocytes [35], as well as with a decrease in the severity
of liver fibrosis [8]. On the other hand, MMP-8 released by
macrophages can activate stellate and myofibroblast-like
cells, which leads to liver fibrosis [6, 36].

MMP-8 content and its activity in the blood (along
with MMP-2 and -9) increased in alcoholic liver cirrhosis,
reaching maximum values in class C cases [26]. MMP-
8 is also involved in HCC, promoting the invasion and
migration of tumour cells [37].

Adenovirus-mediated hyperexpression of MMP-8
induced resolution of fibrosis in various models [38]. In
vivo administration of an adenoviral vector with MMP-8
(AdMMP-8) in a model of liver cirrhosis in rats led to the
expression of pro-MMP-8 in the liver and its active form,
reversal of fibrosis, improvement of functional tests of
the liver and intrahepatic blood pressure, decrease in
the expression of transforming growth factor-f mRNA
and a significant increase in MMP-9 expression and
hepatocyte growth factor [2]. Administration of the
cMMP-8-1K1 protein containing MMP-8 and hepatocyte
growth factor promoted the proliferation of hepatocytes
and liver regeneration, reduced fibrosis, and protected
the liver function post hepatectomy [38].

MMP-9 (Gelatinase-B) is secreted by neutrophils,
macrophages, fibroblasts, and endotheliocytes, which
can degrade ECM, including collagen type IV, elastin,
and fibronectin. Fibronectin interaction with integrin
a4B1 enhances MMP-9 expression and activity during
ischemia-reperfusion injury [2, 6, 8]. MMP-9 is involved
in ECM degradation and increases the permeability
of matrix and leukocyte extravasation, intensifying
infiltration of leukocytes and inflammation and impairing
the function of liver and its regeneration during ischemia-
reperfusion injury [1].

Expression of MMP-9 is activated in chronic hepatitis B
patients, and HBV induces the production MMP-9 in mo-
nonuclear cells and macrophages in peripheral blood [8].
MMP-9 content and its activity in the blood were increased
in patients with class C of alcoholic liver cirrhosis [26]. In-
creased expression and activity of MMP-9 in hepatocytes
positively correlated with the severity of fibrosis [27]. Pa-
tients with chronic hepatitis C had high levels of MMP-9
and increased TIMP-1 in the blood, coupled with the se-
verity of fibrosis; according to the authors, the MMP-9/
TIMP-1 complex is a marker of active fibrogenesis [39].

MMP-9 inhibition is a promising approach in the
treatment of ischemia-reperfusion injury: 1) deficiency
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or administration of MMP-9 inhibitors reduced infiltration
of leukocytes, inflammation of the liver and its damage;
2) decreased nitric oxide release induced by nitric
oxide synthase, reduced MMP-9 expression, reduced
inflammation, and liver damage; 3) selective inhibition of
MMP-9 prevented the cleavage of vascular endothelial
growth factor, which increased the recruitment
of progenitors of sinusoidal endothelial cells and
accelerated liver regeneration [2, 28, 40].

MMP-9 has a dual role in fibrogenesis. Thus, MMP-9
induces apoptosis of stellate cells via the a5p1 integrin.
Proteolytically inactive MMP-9 mutants bound to TIMP-1
attenuated CCl4-induced fibrosis. This was confirmed by a
decrease in the portal and periportal collagen deposition,
inhibition of the expression of fibrogenesis marker genes,
suppression of differentiation, and increased apoptosis of
stellate cells [2, 8]. The fibrinolytic role of MMP-9 produced
by Kupffer cells was demonstrated in a study by M. Feng
et al. [41]. Interestingly, MMP-9 activity is modulated by
matrix rigidity: fibrous ECM suppresses the expression of
MMP-9, secretion, and action in liver fibrosis (and HCC)
[42]. On the contrary, myofibroblast-like cells of fibrous
tissue increase MMP-2, MMP-9, and TIMP expression,
with subsequent accumulation of collagen | and Il [8].
Evidence shows that inhibition of MMP-9 attenuates
fibrogenesis and promotes liver fibrosis resolution [2].

Increased MMP-9 expression is associated with
poor prognosis of HCC, as evidenced by correlation
with capsule infiltration, number of nodules, size of the
tumour and differentiation, vascular invasion, prediction
of recurrence, and survival after tumour resection. MMP-
9 degrades collagen IV (basement membrane structural
component) and plays a role in neoangiogenesis, leading
to invasion and metastasis. NO, secreted by the cancer
cells, modulates the production of MMP-9, promoting
angiogenesis, invasion, and metastasis of HCC. Thus,
MMP-9 is a marker of the prognosis of HCC [2, 8].

MMP-9 expression isincreased in acute and fulminant
liver failure, promoting extravasation and cerebral edema
due to integral loss of the blood-brain barrier. MMP-9
depletion or its inhibition increases a patient’s survival,
improved liver function, and brain damage in the early
stages of the process [43].

MMP-10 (stromelysin-2) is produced by parenchy-
mal and non-parenchymal liver cells, has a wide range
of substrates, including ECM components, activates
MMP-1, MMP-7, MMP-8, MMP-9, and MMP-13. Expres-
sion of MMP-10 is increased in acute liver injury, liver
cirrhosis, and HCC [1]. MMP-10 promotes recovery and
regeneration of liver tissue following partial hepatectomy
and ligation of the bile duct [44], as well as HCC progres-
sion and metastasis through the CXC chemokine recep-
tor-4/stromal factor-1 (CXCR4/SDF1) axis [45].

MMP-11 (stromelysin-3) is associated with HCC
and controls its miR-125a-regulated proliferation and
metastasis. Several variants of the MMP-11 gene are
associated with the early stage of carcinoma and can
be a useful biomarker in carcinoma [46]. Also, there is
protective action of MMP-11 against diabetes, obesity,
and steatohepatitis by regulating energy metabolism
and intensifying fat mobilization and its metabolism [47].
In ischemia-reperfusion injury, MMP-11 expression
increases; and may play a role in liver regeneration [2].

MMP-12 (metalloelastase) is produced by mac-
rophages and is activated in diseases like schistosomia-
sis and cirrhosis of the liver [8]. In HCC, overexpression
of MMP-12 correlated with tumour size, a-fetoprotein,
and poor survival [2]. MMP-12 expression is increased
after 24 hours of ischemia-reperfusion injury and plays a
part in macrophage-mediated degradation of ECM and
wound healing [6].
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MMP-12 is involved in the destruction of elastin.
Suppression of its activity led to excessive accumulation
of elastin and fibrosis progression [8]. On the other
hand, MMP-12 inhibits MMPs which degrades ECM
(MMP-2, MMP-9, MMP-13), exacerbating interleukin-
13-dependent liver fibrosis [2, 6]. MMP-12 expression is
closely associated with the evolution of Th2-dependent
fibrosis [8].

MMP-13 (collagenase-3) is expressed in acute liver
injury and plays a role in the proliferation and repair
of hepatocytes, inducing hepatic growth factor, and in
MMP-2 and MMP-9 expression [2, 6]. MMP-13, produ-
ced by macrophages and Kupffer cells, is associated
with the resolution of liver fibrosis [27].

On the contrary, it is assumed that MMP-13 plays
a significant role in hepatic fibrogenesis, as it activates
transforming growth factor-p1, a key cytokine in develo-
ping fibrosis [8]. It has been demonstrated that the loss of
MMP-13 is accompanied by the inhibition of stellate cell
activation and proliferation and improves cholestasis-in-
duced liver damage and fibrosis [2, 8]. A point of view is
expressed that collagen degradation changes intercellular
and cell-matrix interactions, which leads to necrosis and
apoptosis of hepatocytes, the release of cytokines, and
increased leukocyte infiltration and inflammation. Stu-
dies have shown that ECM degradation at an early stage
of fibrosis induces the proliferation and differentiation of
stellate cells into myofibroblast-like cells, and MMP-13
mediated breakdown of connective tissue growth factor
causes an acute inflammatory response [48]. MMP-13
also promotes pro-inflammatory mediators’ expression
(tumour necrosis factor-a, CCL2), which modulates initial
liver damage.

The levels of MMP-13 in the blood are increased in al-
coholic liver cirrhosis patients, which was regarded as its
diagnostic marker [21, 49]. Increased MMP-13 expres-
sion and activity in hepatocytes positively correlated with
the severity of fibrosis [27]. In HCC, increased levels of
MMP-13 are positively associated with the progression
and early metastasis of HCC [50, 51].

MMP-14 (MT1-MMP) consists of a chain of
hydrophobic amino acids that attaches the molecule
to the membrane of leukocytes and macrophages
[52]. MMP-14 persists during the early resolution of
liver fibrosis and contributes to fibrinolysis. It degrades
adhesion molecules, fibronectin, activates MMP-2 and
MMP-13 and enhances the recruitment of leukocytes and
macrophages during ischemia-reperfusion injury [8].

Increased MMP-14 expression and activity in
hepatocytes positively correlate with the severity of
fibrosis [27]. MMP-14 is expressed highly in the tissue
of HCC compared to non-tumour tissue and is associated
with invasion of tissue, metastasis, and tumour recurren-
ce [6].

MMP-15 (MT2-MMP) activates MMP-2 and MMP-13,
thereby changing the integrity of the ECM. The expression
of MMP-15 is suppressed during liver regeneration after
partial hepatectomy [2, 8]. Indirectly involved in the
invasion of HCC cells [53].

MMP-16 (MT3-MMP) is located on fibroblasts’
surface, can destroy ECM components (collagen), and
can activate MMP-2. MMP-16 is expressed in hepatitis,
liver cirrhosis, and HCC. MMP-16 supports the invasion

and metastasis of tumour cells; therefore, it has been
proposed as a prognostic marker of HCC [6, 54].

Expressed MMP-19 (MMP-RASI-1) in the liver is
associated with fibrosis in the initial stages of damage
and has an antifibrotic effect in the later stages. At the
onset of injury, MMP-19 deficiency improves liver fibrosis
by reducing fibrous deposits associated with changes in
signaling pathways of transforming factor-1 and insulin-
like growth factor-1 [8]. In mice deficient in MMP-19, a
decrease in liver fibrosis was observed due to a reduction
in ECM remodeling and accelerated regeneration [2, 6].

MMP-23 contains an N-terminal transmembrane
domain-Il for attaching the protein to the cell surface
and a C-terminal domain of an immunoglobulin-like
cell adhesion molecule (Ig-CAM) for mediating protein-
to-protein and protein-lipid interactions. MMP-23
also contains a small toxin-like domain (TxD) that
regulates intracellular potassium channel transport and
controls cellular functions. Hypermethylated MMP-23
is activated in the HCC model and is involved in long-
term hepatocarcinogenesis [55]. In addition, MMP-23b
promotes the regeneration of liver and proliferation of
hepatocytes mediated by tumour necrosis factor-o [6].

MMP-24 (MT5-MMP) mediates N-cadherin (CDH2)
cleavage and intercellular interactions. Its increased
activity was noticed in the regenerating liver [2, 8].

MMP-25 (MT6-MMP) contains a glycosylphosphati-
dylinositol anchor for attachment to the plasma mem-
brane. It is involved in tumour invasion and metastasis
through MMP activation and the nuclear factor-«B signa-
ling pathway [56]. In response to inflammation, MMP-25
weakens the action of the alpha-1 proteinase inhibitor,
the primary tissue protector from proteolytic enzymes of
neutrophils, which facilitates the transendothelial migra-
tion of neutrophils to inflammation sites [2].

MMP-28 (epilisin) increases with alcohol-mediated
damage to hepatocytes and the progression of
inflammation [6]. In HCC, increased MMP-28 activity was
observed, which induces migration and invasion and is
associated with a poor prognosis [57].

Although MMPs are promising therapeutic targets for
liver pathology, it must be remembered that: 1) ECM frag-
ments resulting from its degradation are biologically active
and can mediate secondary effects affecting physiological
and pathological processes; 2) MMPs are associated with
normal physiological processes, including ovulation, tropho-
blast invasion, embryonic development; 3) they play a role
in immune processes, activate and inhibit cytokines and
chemokines; 4) increased expression and activity of MMPs
are associated with the development and metastasis of can-
cer; 5) their use is limited by poor specificity, selectivity,
bioavailability, pharmacokinetics, side effects, and toxicity;
6) dysregulation of MMPs alters ECM homeostasis, contri-
buting to aging and neurodegenerative disorders [58, 59].

Conclusion. Thus, MMPs play an essential biological
role in the body and can be new diagnostic markers and
promising therapeutic targets for liver pathology. However,
to date, their role as biomarkers, as well as the role of
MMP genetic polymorphisms as risk factors for chronic
liver diseases, including HCC, has not been determined.
Clarifying the possibilities of MMPs use in non-invasive
and early diagnosis of chronic liver diseases will optimize
the management of this category of patients.
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