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Abstract. Fibrosis is a complex, multicellular wound-healing response, where
myofibroblasts—key producers of extracellular matrix (ECM)—actively interact with both liver-
resident cells and those recruited from the circulation. Macrophages and infiltrating monocytes
contribute to fibrogenesis through multiple pathways, including cytokine secretion and the
production of reactive oxygen species. Interestingly, these same macrophages also play a crucial
role in fibrosis resolution by facilitating ECM degradation. T lymphocytes influence fibrosis
progression by interacting directly with myofibroblasts and releasing various cytokines.
Typically, a Th2-skewed immune response supports fibrotic activity, whereas Thl-associated
cytokines may exert antifibrotic effects. Natural killer (NK) cells help to restrain fibrosis and
promote its regression, partly by inducing apoptosis in activated fibrogenic cells. Recent studies
also point to a potential role for NKT and B cells in modulating liver fibrogenesis. Overall,
mononuclear immune cells serve as key regulators of the fibrotic process and represent
promising targets for therapeutic intervention.

Keywords: Liver fibrosis, chronic liver disease, Morphological, genotype, pathological
process, mononuclear immune cells, chronic viral virus hepatitis B (HBV).

NHOWIBTPAIINA MOHOHYKJUIEAPHBIX KJIETOK, COITPOBOXKIAIOIHIAACS
IMPOT'PECCUPOBAHUNEM ®UBPO3HbBIX U HIUPPOTUYECKUX
IPEOBPA3OBAHWM B TKAHU IEYEHU

Annomauuﬂ. @u6p03 — OMO CHOHCHAA MHOCOKNIEMOYHAA peaKyusl 3ax#CusjleHusl pax, npu
KOMOpOU Muohubpobacmsl — OCHOBHbIE NPOU3BOOUMENU 8HeKIemOouHo20 mampukca (BKM) —
AKMUBHO 63611/{.71/!0061161’)16)/}0}’}1 KAdK C Kiemkamu, HCZXOO}ZM/;MMMC}Z 6 neyeHu, mak u C Kiemrxkamu,
PEKpYmMuposanuviMu U3 Kpogomoxa. Maxpogacu u  uHuILMPpUPYIOWUE  MOHOYUMDBL
cnocobcmsytom Gubpozenesy uepez MHONICECMBO Nymel, BKIYAS CeKpeyuro YUMmoKUHO8 U
NPOOYKYUlo aKmueuvix Gopm kuciopooa. Humepecrno, umo smu odce Mmakpoghazu makice
ueparom pewarowyro poib 8 paspeuweHuu @uoposa, cnocoocmeys oeepadayuu BKM. T-
AUMGpOYUmMbL  BIUAIOM  HA Npocpeccuposanue Guopoza, 63aumMooelicmeys HAnpAMyr  C
Muoghubpobracmamu u 861c600024cOaAsL pa3IUYHbLE YUMOKUHBL. KaK npasuno, uMmyHHbII omeem,
cmewennvii no Th2, noodepowcusaem Gubposnyro  akmuenocms, mo20a Kak YUMOKUHBL,

ceszannvie ¢ Thl, mocym oxaszvieams anmugubposnoe oeticmeue.
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Ecmecmeennvie  xnemku-xunnepor  (NK)  nomoearom  coepocusamo  ¢puobpos u
cnocobcmeylom e2o pezpeccy, OmMuacmu nymem UHOYKYUU anonmosa 6 aKmueUupOoBaHHbIX
@ubpocennvix knemkax. Heoaenue ucciedosanus maxoice yKazvl8aom Ha NOMEHYUATbHYIO POTb
NKT- u B-xremox 6 mooynuposanuu ¢ubpoceneza neuenu. B yenom, monoHykieapHvle
UMMYHHble — KIemKU  CAYJcam — KIo4esbiMu — pecyiamopamu  Quopo3nozo npoyecca u
npeocmasiaom coool nepcnekmusHsle yeau 0isi mepanesmuyecKko20 eMeuamenbCcmad.

Knwueevie cnosa:  Dubpoz  neuenu,  XpoHuueckoe  3abOonesanue  neyeHu,
Mopgonoeuueckuii, cenomun, namoro2udecKull NPoOYecc, MOHOHYKIeapHvle UMMYHHblEe KIemKU,

xponuueckuil supycuwiil cenamum B (HBV).

Introduction

The liver possesses a uniquely complex immunological environment, housing the largest
reticuloendothelial system in the body and serving as a major producer of innate immune
components such as acute-phase proteins, complement factors, inflammatory cytokines, and
chemokines. In addition to its central role in host defense, the liver is also highly susceptible to
immune-mediated injury triggered by infectious agents, autoimmune mechanisms, and malignant
processes.

Recent research has highlighted the liver as a key site for innate immune activity. The
innate immune system acts as the body’s first line of defense, responding rapidly to
environmental challenges including microbial invasion and physical or chemical insults.

Effective clearance of pathogens and proper immune regulation rely on the sequential
activation of both the innate and adaptive immune systems, a process largely coordinated by
dendritic cells that bridge the two arms of immunity.

The liver hosts a specialized array of immune cells, including dendritic cells, natural
killer T (NKT) cells, and regulatory T cells, which collectively shape the local immune response.

Moreover, non-immune hepatic cells—such as hepatocytes, sinusoidal endothelial cells,
and biliary epithelial cells—also participate in immune regulation, contributing to the liver’s
unique immunological capacity.

These immune and non-immune components act both synergistically and independently
to determine the liver's response to various immunological stimuli. Furthermore, individual
variations in genetic background significantly influence immune responsiveness to both external
and internal agents. Understanding the genetic underpinnings of immune function may offer
novel insights into the pathogenesis, diagnosis, and treatment of liver diseases.

Materials and Methods
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The aim of this study was to analyze morphological changes in the liver across different
HBV genotypes in Uzbekistan.

Mononuclear infiltration is closely associated with the development of fibrotic and
cirrhotic changes in the liver. However, the exact mechanisms linking infiltration to fibrosis—
similar to those observed in pneumosclerosis—remain poorly understood. The rate and extent of
fibrotic transformation in areas of inflammatory infiltration can vary significantly.

To date, little is known about the general patterns of collagen synthesis and degradation
in the liver under normal conditions and during various stages of chronic inflammation. There is
reason to believe that collagen synthesis is upregulated even at early stages of mononuclear
infiltration. Nevertheless, in such cases, either collagen accumulation does not occur, or its
degradation proceeds simultaneously at an accelerated rate.

Interestingly, during the phase of progressive inflammatory infiltration, collagenase
activity in liver tissue increases sharply, whereas during advanced, irreversible fibrosis, its
activity markedly decreases [Okazaki L. et al., 1976]. This may be due to suppression of Kupffer
cells (KC), the main source of hepatic collagenase [Fujiwara H. et al., 1973], or due to impaired
recruitment and retention of macrophages (M) within inflammatory foci (see Chapter 3).

It is also plausible that Kupffer cells, along with macrophages from a mobile pool—
similar to pulmonary macrophages—may under certain conditions produce not only collagenase
[Decker K. et al., 1982], but also fibroblast-stimulating factors (FSFs). Supporting this, studies
show that following CCls-induced hepatotoxicity, Kupffer cells become rapidly activated,
followed by activation of hepatic stellate cells (HSCs), the precursors to fibroblasts, within a few
days. It is thus likely that KCs serve as a source of factors that promote the proliferation of
HSCs, with all the downstream consequences [Geerts A. et al., 1984].

Further evidence of a functional connection between hepatic macrophages and HSCs
comes from our own experiments. When rats undergoing CCls intoxication were treated with
prodigiosan, mononuclear infiltration in the liver was enhanced. At the same time, however, the
progression from infiltration to unbalanced fibrogenesis was significantly delayed [Kutina S.N.,
Mayansky D.N., 1981].

In progressive mononuclear infiltrates, collagen is not only actively synthesized by
fibroblasts, but also degraded by collagenases produced by mesenchymal cells. Initially, collagen
synthesis and degradation remain balanced. However, as collagenase activity decreases, fibrotic
remodeling of the liver stroma becomes stabilized. As long as the liver retains a sufficient
number of macrophages (Mo) capable of producing collagenase and breaking down preformed

collagen, the fibrotic process tends to shift toward regression and resorption of fibrous septa.
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According to our data, the number of functionally active macrophages within fibrotic
septa gradually declines as fibrosis progresses. At the stage of stable, irreversible fibrotic
transformation, their presence becomes minimal (see Fig. 30). This decline likely plays a
decisive role in the transition from balanced fibrogenesis to persistent liver fibrosis.

Therefore, hepatic macrophages may serve as a central regulatory element, mediating
various signals that either enhance or suppress fibrogenesis. They can be seen as "conductors™ of
the fibroplastic process, whereas fibroblasts—the main producers of collagen—act as its
"performers.” It is also important to consider that mononuclear infiltrates or granulomas include
a proportion of T lymphocytes, whose number varies depending on the intensity of antigenic
stimulation originating from the site of inflammation.

For instance, T cells are abundantly present in hepatic granulomas induced in rats by
streptococcal group A peptidoglycan-polysaccharide complexes [Wahl S. et al., 1986] or by
Schistosoma mansoni cercariae [Weinstock V., Blum A., 1986]. The latter model is widely used
for studying cellular mechanisms involved in the transition from infiltration to fibrosis within
granulomatous zones. It has been shown that the transformation of “active” granulomas into
“resolving” ones—characterized by connective tissue ingrowth—depends on the activity of both
macrophages and T cells.

In the experiments of S. Wahl et al., fibrogenesis within delayed-type hypersensitivity
(DTH) granulomas was clearly dependent on antigen-stimulated T lymphocytes. Both whole
granulomas and isolated cells cultured in vitro produced large amounts of soluble factors that
stimulated fibroblast proliferation. The T cell dependence of fibrosis was further supported by
the fact that fibrotic development was markedly reduced in athymic nude mice and in animals
treated with cyclosporin A, a potent T cell inhibitor.

Additionally, factors isolated from cirrhotic human liver were shown to increase collagen
synthesis in fibroblast cultures by more than five-fold [Rojkind M., 1983]. It would be of great
interest to compare these with the factors secreted by macrophages and T cells. Necrotic
hepatocyte products also act as strong stimuli for hepatic fibrosis. Although the exact
mechanisms remain unclear, they may involve the activation of macrophages by proteases,
leukotrienes, and other so-called “necrohormonal” fractions.

CONCLUSION:

In summary, during hepatic inflammation—where hepatocytes represent the primary
targets of immune-mediated injury—non-parenchymal liver cells play a pivotal role in shaping
the inflammatory and immunological landscape. Through mechanisms such as chemokine
secretion, facilitation of lymphocyte adhesion and migration, antigen presentation, and

modulation of T cell responses, these cells not only amplify inflammatory processes but also
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contribute to malntalnlng immune homeostasis under physiological conditions. Their active

participation highlights the complexity of liver immunobiology and underscores their

significance in both the progression and potential resolution of immune-mediated liver diseases.
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