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Abstract

Liver fibrosis is one of the most serious histopathological (HP) lesions that, together with the inflammatory process and the hepatocyte
lesions, determine the change of the liver architecture, having as a clinical result the onset of liver failure phenomena. Hepatitis C virus
represents one of the most frequent conditions leading to the onset of liver fibrosis and favors the progression of the disease towards
hepatocellular carcinoma. We evaluated the HP and immunohistochemical (IHC) aspects on fragments of liver biopsies taken from 104
patients diagnosed with chronic hepatitis C and altered capacity of work. In our study, we observed a growth of the portal (Kiernan) spaces
by the presence of a chronic inflammatory infiltrate, the presence of collagen fibers and conjunctive matrix. The density and dimensions of
collagen fibers were correlated with the severity of the liver disease, in the severe forms being highlighted porto-portal and porto-central
fibrous bridges. The IHC examinations highlighted the change of the phenotype of perisinusoidal dendritic cells, the growth of the myofibroblast
cells in the portal spaces, the growth of the macrophage number in the inflammatory infiltrate and of the Kupffer cells in the liver parenchyma.
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=& Introduction

Liver fibrosis is one of the most severe histopatho-
logical (HP) lesions that, together with the inflammatory
process and the hepatocyte lesions, determine the change
of the liver architecture, having as a clinical result the
onset of liver failure phenomena; untreated appropriately,
liver fibrosis favors the disease progression to cirrhosis
and hepatocellular carcinoma [1]. A large spectrum of
chronic liver diseases (viral hepatitis, cholestatic liver
diseases, alcohol abuse, non-alcoholic steatohepatitis, etc.)
may cause chronic liver inflammation, hepatocyte lesions
and liver fibrosis in various stages [2—5]. Chronic hepatitis
C virus (HCV) represents one of the most frequent condi-
tions leading to the onset of liver fibrosis. At present,
the infection with HCV presents a high international
interest, due to its substantial effect on morbidity and
mortality [6-9]. Moreover, the disease represents a huge
economical burden on national health systems, due to
the infection hepatic and extrahepatic effects [10—12].
Epidemiological data showed that chronic hepatitis C
affects about 71 million people around the world [13, 14].

The physiopathological mechanisms of liver fibrillo-
genesis are extremely complex and quite studied over the
last years. At present, it is accepted that the onset of liver
fibrosis is due to the increase of extracellular matrix
(ECM) production by myofibroblast activation and
proliferation [1, 15].

In the present study, we analyzed some microscopic
aspects of the liver fibrosis process in the diagnosed
patients with chronic hepatitis C.

= Patients, Materials and Methods

Our study included 104 patients from Olt County,
Romania, who presented between January 2008 and
December 2012 in the Medical Work Expertise Office,
Slatina, within the Olt Pension House. The patients were
diagnosed with chronic post viral hepatitis C in the
Clinic of Gastroenterology and Internal Medicine of the
Emergency County Hospital of Craiova, in the Clinic of
Infectious Diseases of “Victor Babes” Hospital of Infectious
Diseases and Pneumophthisiology of Craiova and in the
Medical Clinic of “Filantropia” City Hospital of Craiova,
Romania.

Based on the clinical and laboratory data (viremia,
transaminases, protein blood count, complete blood count),
there was decided the introduction of the specific antiviral
treatment in this group of patients. In accordance with
the criteria established by the Expert Board of the
National Health House, the inclusion of the patients in the
antiviral treatment was based on clinical and HP criteria
(liver biopsy), absolutely necessary for establishing the
severity and extension of liver lesions, quantified by
various scores [Histology Activity Index (HAI) score,
necrosis score, portal inflammation score, METAVIR].
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That is why, in all the patients of our group there
were performed percutaneous liver biopsies, under local
anesthesia. The fragments of liver biopsy, immediately
after harvesting, were fixed in 10% neutral buffered
formalin solution for 24 hours and sent to the Laboratory
of Pathology for paraffin embedding, staining and
interpretation.

The histopathology and immunohistochemical (IHC)
study was continued in the Research Center for Microscopic
Morphology and Immunology within the University of
Medicine and Pharmacy of Craiova, where there were
performed the classical Hematoxylin—Eosin (HE) and
Goldner—Szekely (GS) trichrome stainings for highlighting
collagen fibers. Also, there were performed two IHC
stainings, with anti-CD68 antibody (clone KP1, Dako,
mouse anti-human, 1:100 dilution) for highlighting the
macrophages and Kupffer cells; and with anti-alpha-
smooth muscle actin (a-SMA) antibody (clone 1A4,
Dako, mouse anti-human, 1:250 dilution) for highlighting
myofibroblasts and liver dendritic cells.
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Figure 1 — Image of chronic hepatitis with an abundant
inflammatory infiltrate in the Kiernan space, moderate

fibrosis, moderate hepatocyte necrosis and dilated bile
canaliculi with cholestasis (GS trichrome staining, x200).

In severe forms of chronic hepatitis, where there were
identified large quantities of collagen fibers in the Kiernan
spaces, there was identified the tendency of collagen fibers
to progressively expand to other portal spaces, thus forming
porto-portal fibrous bridges, or to the center of the liver
lobe, forming porto-central bridges (Figure 3).

In our study, we observed that the collagen fibers from
the porto-billiary space had quite variable dimensions and
orientations. Some fibers replaced small parenchymal areas,
with plexiform arrangement, while in other cases we
identified collagen fibers organized in rough fascicles with
a relatively homogeneous arrangement, forming porto-
portal or porto-central fibrous bridges (Figure 4).

All the Kiernan spaces appeared of large dimensions
due to the presence of the inflammatory infiltrate, to
collagen fibers and also to other molecules of the ECM,
as together with the collagen molecules, there also secrete
high quantities of other proteins (laminins, fibronectins,
elastins), glycosaminogycans or proteoglycans. All these
constitute the pathological ECM, where the cells of the
immune system are integrated and synthesize numerous
cytokines and lymphokines, which, on one side, contribute
to the healing process or, on the contrary, they may
aggravate the hepatocellular lesions.

= Results

In our study, in patients with chronic hepatitis C, liver
fibrosis was observed quite often. Thus, of the 104 patients
with chronic hepatitis C, 97.33% presented various stages
of fibrosis. Most patients (64.66%) presented microscopic
aspects of moderate and severe liver fibrosis (stages 3-5).

The process of liver fibrosis was highlighted in most
cases in the portal spaces, being always associated with
the presence of a more or less intense inflammatory
process. Still, there was not observed the presence of a
direct relation between the intensity of the inflammatory
process and the intensity of collagen fibrosis (Figures 1
and 2). Still, we observed the fact that collagen fibrosis in
the portal spaces is secondary to the inflammatory infiltrate,
as we also identified portal spaces with inflammatory
infiltrates without fibrosis. Steatosis was also a common
finding in these patients, with both micro- and macro-
vesicular types, and with no predominant affinity for a
certain region of the liver lobular structure.
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Figure 2 — Microscoptc image of severe chromc hepatms,
with intense fibrosis in the portal space, intense hepa-
tocyte necrosis and abundant inflammatory infiltrate
(HE staining, x200).

In our study, in the patients with massive hepatocyte
necrosis, we also observed the presence of a more intense
fibrosis process, which makes us believe that fibrillogenesis
represents a “reparatory” process, still non-functional, of
the liver parenchyma, a scar that tends to heal by forming
a conjunctive tissue in the damaged liver area.

The THC study evaluated the reaction of the liver
dendritic and of myofibroblasts, by using the anti-a-SMA
antibody. There was observed an intense staining of the
liver perisinusoidal dendritic cells to anti-o-SMA antibody
(Figure 5), and also an intense staining of the conjunctive
cells from the porto-biliary spaces (Figure 6), most
probably represented by the myofibroblasts. The analysis
of microscopy specimens did not reveal a significant
enlargement of Disse spaces. Also, the presence of collagen
fibers has not been noted here.

The use of anti-CD68 antibody allowed us to observe
the existence of a high number of macrophages in the
inflammatory infiltrate of the portal spaces and a high
number of Kupffer cells in the liver parenchyma (Figures 7
and 8). Both macrophages and Kupffer cells were of
increased size and showed an intense IHC reaction, proving
they had intense activity.
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Figure 3 — Image of intense portal fibrosis, with formation Figure 4 — Fibrous porto-portal bridges (GS trichrome
of porto-portal and porto-central bridges in a case of staining, x100).

severe chronic hepatitis (GS trichrome staining, x200).
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Figure 6 — Kiernan space, with multiple myofibroblast
intensely positive to a-SMA, which show an activated cells that give an intense reaction to anti-a-SMA antibody
phenotype (Immunomarking with anti-o-SMA antibody, (Immunomarking with anti-a-SMA antibody, x200).
x400).
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Figure 7 — Microscopic image of liver parenchyma with

numerous macrophages present in the inflammatory enlarged, arranged in the liver sinusoids, with an intense
infiltrate from the portal space and numerous Kupffer reaction to the anti-CD68 antibody (Immunomarking
cells in the liver lobule (Immunomarking with anti-CD68 with anti-CD68 antibody, x200).

antibody, x100).
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= Discussions

Liver fibrosis is a complex fibrogenic and inflammatory
process, a common pathological outcome of the aggression
of various etiopathogenic factors (viral diseases, auto-
immune diseases, drug, toxic or metabolic aggressions)
that cause chronic, intense lesions on hepatocytes [16,
17]. Liver fibrosis is the result of a progressive synthesis
and accumulation of extracellular conjunctive matrix that
changes the normal architecture of the liver [18, 19], thus
leading eventually to liver failure and even death.

Numerous studies state that liver fibrosis is a definite
characteristic of chronic hepatitis. In our study, most
patients with chronic hepatitis C (over 97%) presented
liver fibrosis, in various stages.

Clarifying the mechanisms that are at the basis of
liver fibrogenesis is of utmost importance for handling
and preventing liver diseases in a terminal stage, namely
of cirrhosis and hepatocellular carcinoma [20, 21].

We consider that the onset of liver fibrosis is correlated
to the processes of hepatocellular necrosis and to the
intensity of inflammatory processes. In our study, we
observed that liver fibrosis was more intense in the
individuals with a more severe liver necrosis. Based on
these observations, we also consider, like other authors,
that liver fibrosis is a regenerative process, a response of
the body to the effort of healing the lesions caused by
HCV or other pathogenic agents [2, 22]. Although it is
a physiological process, by its intensity, it becomes
an aggravating factor of the liver function and, if left
untreated, it will lead to severe liver failure, as the
accumulation of ECM distorts the liver architecture by
forming some fibrous scars that eventually lead to the
development of regenerative liver nodules, a HP aspect
that defines cirrhosis [23, 24].

In our study, we observed that the intensity of liver
fibrosis did not always correlate with the intensity of the
inflammatory infiltrate in the portal spaces. We believe
that liver fibrosis is preceded by the onset of the portal
inflammatory infiltrate, its development being conditioned
by a multitude of cytokines produced by the inflammatory
cells.

It is well known the fact that, after an acute liver
lesion (viral hepatitis), some hepatocytes die by necrosis
or apoptosis, but they also regenerate, a process by which
the damaged hepatocytes are replaced. This process is
associated with an inflammatory response and a limited
deposit of ECM. If liver lesions become chronic, hepatocyte
regeneration is low or fails, the hepatocytes being replaced
by abundant ECM [24, 25].

The enlargement of portal spaces observed by us is a
proof of the synthesis of a high quantity of ECM in the
liver. According to some studies, in advanced stages, the
liver contains approximately six times more ECM than
the normal situation, especially collagen (I, III and IV),
fibronectin, elastin, laminin, hyaluronate and proteoglycans.
Accumulation of ECM results both in the increase of the
synthesis and in the decrease of its degradation [26, 27].

For a long time, liver fibrosis was considered a passive
and irreversible process due to the collapse of the liver
parenchyma and its replacement by a rich collagen tissue
[28, 29]. In the last years, more clinical and experimental
studies showed that the decrease of liver fibrosis score
after an appropriate treatment in a variety of liver condi-

tions, such as steatohepatitis, hemochromatosis, Wilson’s
disease, child cirrhosis, bile obstruction, autoimmune
hepatitis, chronic viral hepatitis [30—38]. These studies
gave hope to the patients with chronic liver conditions and
opened up the way for studies on drugs with antifibrotic
properties.

The studies of liver fibrosis were more numerous after
1980, when there were identified hepatic stellate cells
(HSCs) (previously known as Ito cells, lymphocytes or
perisinusoidal dendritic cells) as the main cells that
produce collagen in the liver [39]. Localized in the
perisinusoidal space, between the hepatocytes and the
endothelial sinusoidal cells, in chronic liver conditions,
HSCs undergo a major phenotype change, thus acquiring
fibrinogenic properties [39]. In the normal liver tissue,
HSCs have the main function of stocking retinoids and
lipids, but also to synthesize some particular proteins
(glial fibrillary acidic protein) [40—43]. In chronic liver
lesions, under the influence of some autocrine and para-
crine factors received from the Kupffer cells, hepatocytes
and endothelial cells of sinusoidal capillaries, there is
produced the transdifferentiation of HSCs in a myofibro-
blast phenotype, HSCs synthesizing high quantities of
ECM [16, 44, 45].

In our study, by using the anti-a-SMA antibody, we
showed that, in the patients with chronic hepatitis C,
HSCs became positive to this antibody, similarly to the
myofibroblasts, thus changing their phenotype profile.
Still, the strongest reaction to anti-a-SMA antibody was
observed in the portal spaces, where there was identified
a very large number of myofibroblasts. Also, we showed
that portal spaces were quite enlarged, the proof of the
presence of a high quantity of ECM. Contrary to our
expectations, the perisinusoidal (Disse) spaces did not
have too large sizes, which show that, at his level, there
is a lower quantity of ECM. Although most studies state
that HSCs are the key cells of liver fibrosis [46-51],
we consider that the main cells that are involved in this
process are the myofibroblasts in the portal spaces, and
less the HSCs. In this matter, we remind the fact that all
the researchers showed that liver fibrosis develops in the
portal areas, and as the disease aggravates, there appear
the porto-portal bridges or the central bridges. Therefore,
liver fibrosis starts in the portal spaces (and not in the
Disse spaces, as supported by some studies [51]), from
where it extends progressively. It is true that HSCs acquire
a myofibroblast phenotype and synthesize ECM, but
portal myofibroblasts also come from other sources: local
fibroblasts or mesenchymal cells present in the liver,
mesenchymal stem cells from the bone marrow, cholangio-
cytes or even hepatocytes [52—57].

In our study, by using anti-CD68 antibody, we also
evaluated the reaction of macrophage cells in chronic
hepatitis and we observed both an increase of the macro-
phage number and activity in the portal spaces, but also
of the Kupffer cells from the liver parenchyma. This
microscopic aspect suggests an intense phagocyte activity,
and also some biochemical compounds of ECM. At present,
it is considered that macrophages and Kupffer cells play
essential roles in the process of liver fibrosis, having the
capacity of influencing the progression and regression of
fibrosis, by the paracrine regulation of HSCs activation, and
also by a direct phagocyte activity [58—61]. The activation
of macrophage cells is correlated and strongly influenced
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with the cells of the immune system, mainly of the cells
from the inflammatory infiltrate from the portal spaces.

We consider, like other authors, that liver fibrosis is
a complex reparatory process, similar to other chronic
fibro-proliferative processes [51, 62] that occur in some
kidney diseases [63, 64], lung diseases [65, 66], heart
diseases [67, 68], or skin diseases [69].

= Conclusions

In chronic hepatitis with C virus, liver fibrosis was
highlighted in over 97% of the cases. It represents a HP
lesion favoring the progression of the disease to cirrhosis.
Fibrosis was present in the portal spaces as collagen fibers
with a heterogeneous, plexiform arrangement and only
in the severe forms as thick fibrous strings. The density
and size of the collagen fibers were correlated to the
severity of the liver disease, in the severe forms being
highlighted porto-portal and porto-central fibrous bridges.
The portal spaces (Kiernan) had large sizes by the presence
of a chronic inflammatory infiltrate, the presence of
collagen fibers and conjunctive matrix. The IHC exami-
nations highlighted the change of the phenotype of peri-
sinusoidal dendritic cells, the increase of the myofibro-
blast number in the portal spaces, the increase of the
macrophage number in the portal inflammatory infiltrate
and of the Kupffer cells in the liver parenchyma.

Conflict of interests
The authors declare that they have no conflict of
interests.

Author contribution
Octavian Ion Predescu has equal contribution and
thus shares first authorship.

References

[1 Sun M, Kisseleva T. Reversibility of liver fibrosis. Clin Res
Hepatol Gastroenterol, 2015, 39(Suppl 1):S60-S63.

[2] Bataller R, Brenner DA. Liver fibrosis. J Clin Invest, 2005,
115(2):209-218.

[3] Gane E, Kershenobich D, Seguin-Devaux C, Kristian P, Aho |,
Dalgard O, Shestakova I, Nymadawa P, Blach S, Acharya S,
Anand AC, Andersson MI, Arendt V, Arkkila P, Baatarkhuu O,
Barclay K, Ben-Ari Z, Bergin C, Bessone F, Blokhina N,
Brunton CR, Choudhuri G, Chulanov V, Cisneros L, Croes EA,
Dahgwahdorj YA, Daruich JR, Dashdorj NR, Davaadorj D,
de Knegt RJ, de Vree M, Gadano AC, Gower E, Halota W,
Hatzakis A, Henderson C, Hoffmann P, Hornell J, Houlihan D,
Hrusovsky S, Jaréuska P, Kostrzewska K, Leshno M, Lurie Y,
Mahomed A, Mamonova N, Mendez-Sanchez N, Mossong J,
Norris S, Nurmukhametova E, Oltman M, Oyunbileg J,
Oyunsuren Ts, Papatheodoridis G, Pimenov N, Prins M, Puri P,
Radke S, Rakhmanova A, Razavi H, Razavi-Shearer K,
Reesink HW, Ridruejo E, Safadi R, Sagalova O, Sanchez
Avila JF, Sanduijav R, Saraswat V, Schréter I, Shah SR,
Shevaldin A, Shibolet O, Silva MO, Sokolov S, Sonderup M,
Souliotis K, Spearman CW, Staub T, Stedman C, Strebkova EA,
Struck D, Sypsa V, Tomasiewicz K, Undram L, van der Meer AJ,
van Santen D, Veldhuijzen |, Villamil FG, Willemse S,
Zuckerman E, Zuure FR, Prabdial-Sing N, Flisiak R, Estes C.
Strategies to manage hepatitis C virus (HCV) infection disease
burden — volume 2. J Viral Hepat, 2015, 22(Suppl 1):46-73.

[4] Petrescu F, Petrescu Ol, Taisescu Cl, Comanescu MV,
Fortofoiu MC, Predescu 10, Rosu AF, Gheonea C, Biciugca V.
Histopathological aspects described in patients with chronic
hepatitis C. Rom J Morphol Embryol, 2015, 56(2):439-444.

[5] Efrem IC, Istratoaie O, Micu ES, Gheonea C, Lazar DS,
Firulescu SC, Predescu Ol, Popescu NL. Anatomo-clinical
correlations in hepatic steatosis in patients with C chronic
hepatitis. Rom J Morphol Embryol, 2016, 57(2):513-519.

[6] Stanaway JD, Flaxman AD, Naghavi M, Fitzmaurice C, Vos T,
Abubakar |, Abu-Raddad LJ, Assadi R, Bhala N, Cowie B,
Forouzanfour MH, Groeger J, Hanafiah KM, Jacobsen KH,
James SL, MaclLachlan J, Malekzadeh R, Martin NK, Mokdad AA,
Mokdad AH, Murray CJL, Plass D, Rana S, Rein DB,
Richardus JH, Sanabria J, Saylan M, Shahraz S, So S,
Vlassov VV, Weiderpass E, Wiersma ST, Younis M, Yu C, El
Sayed Zaki M, Cooke GS. The global burden of viral hepatitis
from 1990 to 2013: findings from the Global Burden of Disease
Study 2013. Lancet, 2016, 388(10049):1081-1088.

[7]1 Majumdar A, Kitson MT, Roberts SK. Systematic review:
current concepts and challenges for the direct-acting antiviral
era in hepatitis C cirrhosis. Aliment Pharmacol Ther, 2016,
46(12):1276-1292.

[8] Sharma SA, Feld JJ. Acute hepatitis C: management in the
rapidly evolving world of HCV. Curr Gastroenterol Rep, 2014,
16(2):371.

[9] Messina JP, Humphreys I, Flaxman A, Brown A, Cooke GS,
Pybus OG, Barnes E. Global distribution and prevalence of
hepatitis C virus genotypes. Hepatology, 2015, 61(1):77-87.

[10] Younossi Z, Brown A, Buti M, Fagiuoli S, Mauss S, Rosenberg W,
Serfaty L, Srivastava A, Smith N, Stepanova M, Beckerman R.
Impact of eradicating hepatitis C virus on the work productivity of
chronic hepatitis C (CH-C) patients: an economic model from
five European countries. J Viral Hepat, 2016, 23(3):217-226.

[11] Negro F, Forton D, Craxi A, Sulkowsi MS, Feld JJ, Manns MP.
Extrahepatic morbidity and mortality of chronic hepatitis C.
Gastroenterology, 2015, 149(6):1345—-1360.

[12] Younossi Z, Park H, Henry L, Adeyemi A, Stepanova M.
Extrahepatic manifestations of hepatitis C: a meta-analysis
of prevalence, quality of life, and economic burden. Gastro-
enterology, 2016, 150(7):1599-1608.

[13] Siqueira FM, Ferreira VL, Borba HHL, Pontarolo R. Quality of
life of Brazilian chronic hepatitis C patients treated with interferon-
free therapies. Rev Inst Med Trop Sao Paulo, 2018, 60:e72.

[14] Polaris Observatory HCV Collaborators. Global prevalence
and genotype distribution of hepatitis C virus infection in 2015:
a modelling study. Lancet Gastroenterol Hepatol, 2017, 2(3):
161-176.

[15] Kisseleva T, Brenner DA. Mechanisms of fibrogenesis. Exp
Biol Med (Maywood), 2008, 233(2):109-122.

[16] Hernandez-Gea V, Friedman SL. Pathogenesis of liver fibrosis.
Annu Rev Pathol, 2011, 6:425-456.

[17] Elpek GO. Cellular and molecular mechanisms in the patho-
genesis of liver fibrosis: an update. World J Gastroenterol,
2014, 20(23):7260-7276.

[18] Iredale JP. Models of liver fibrosis: exploring the dynamic
nature of inflammation and repair in a solid organ. J Clin Invest,
2007, 117(3):539-548.

[19] Baiocchini A, Montaldo C, Conigliaro A, Grimaldi A, Correani V,
Mura F, Ciccosanti F, Rotiroti N, Brenna A, Montalbano M,
D’Offizi G, Capobianchi MR, Alessandro R, Piacentini M,
Schinina ME, Maras B, Del Nonno F, Tripodi M, Mancone C.
Extracellular matrix molecular remodeling in human liver
fibrosis evolution. PLoS One, 2016, 11(3):e0151736.

[20] Sebastiani G, Gkouvatsos K, Pantopoulos K. Chronic
hepatitis C and liver fibrosis. World J Gastroenterol, 2014,
20(32):11033-11053.

[21] Gines P, Cardenas A, Arroyo V, Rodés J. Management of
cirrhosis and ascites. N Engl J Med, 2004, 350(16):1646—1654.

[22] Albanis E, Friedman SL. Hepatic fibrosis. Pathogenesis and
principles of therapy. Clin Liver Dis, 2001, 5(2):315-334, v-vi.

[23] Pinzani M. Pathophysiology of liver fibrosis. Dig Dis, 2015,
33(4):492-497.

[24] Tacke F, Trautwein C. Mechanisms of liver fibrosis resolution.
J Hepatol, 2015, 63(4):1038—1039.

[25] van Dijk F, Olinga P, Poelstra K, Beljaars L. Targeted
therapies in liver fibrosis: combining the best parts of platelet-
derived growth factor BB and interferon gamma. Front Med
(Lausanne), 2015, 2:72.

[26] Benyon RC, Iredale JP. Is liver fibrosis reversible? Gut, 2000,
46(4):443-446.

[27] Arthur MJ. Fibrogenesis Il. Metalloproteinases and their
inhibitors in liver fibrosis. Am J Physiol Gastrointest Liver
Physiol, 2000, 279(2):G245-G249.

[28] Gabele E, Brenner DA, Rippe RA. Liver fibrosis: signals
leading to the amplification of the fibrogenic hepatic stellate
cell. Front Biosci, 2003, 8:d69-d77.




1126

Nicoleta Laura Popescu et al.

[29] Schaffner F, Klion FM. Chronic hepatitis. Annu Rev Med,
1968, 19:25-38.

[30] Popper H, Uenfriend S. Hepatic fibrosis. Correlation of bio-
chemical and morphologic investigations. Am J Med, 1970,
49(5):707-721.

[31] Lee YA, Wallace MC, Friedman SL. Pathobiology of liver fibrosis:
a translational success story. Gut, 2015, 64(5):830-841.

[32] Falize L, Guillygomarc’h A, Perrin M, Lainé F, Guyader D,
Brissot P, Turlin B, Deugnier Y. Reversibility of hepatic fibrosis
in treated genetic hemochromatosis: a study of 36 cases.
Hepatology, 2006, 44(2):472-477.

[33] Sini M, Sorbello O, Sanna F, Battolu F, Civolani A, Fanni D,
Faa G, Demelia L. Histologic evolution and long-term outcome
of Wilson’s disease: results of a single-center experience.
Eur J Gastroenterol Hepatol, 2013, 25(1):111-117.

[34] Pradhan AM, Bhave SA, Joshi VV, Bavdekar AR, Pandit AN,
Tanner MS. Reversal of Indian childhood cirrhosis by D-
penicillamine therapy. J Pediatr Gastroenterol Nutr, 1995,
20(1):28-35.

[35] Hammel P, Couvelard A, O'Toole D, Ratouis A, Sauvanet A,
Fléjou JF, Degott C, Belghiti J, Bernades P, Valla D,
Ruszniewski P, Lévy P. Regression of liver fibrosis after biliary
drainage in patients with chronic pancreatitis and stenosis of
the common bile duct. N Engl J Med, 2001, 344(6):418—423.

[36] Valera JM, Smok G, Marquez S, Poniachik J, Brahm J.
[Histological regression of liver fibrosis with immunosuppressive
therapy in autoimmune hepatitis]. Gastroenterol Hepatol, 2011,
34(1):10-15.

[37] Bedossa P. Reversibility of hepatitis B virus cirrhosis after
therapy: who and why? Liver Int, 2015, 35(Suppl! 1):78-81.

[38] Haseltine EL, Penney MS, George S, Kieffer TL. Successful
treatment with telaprevir-based regimens for chronic hepatitis
C results in significant improvements to serum markers of
liver fibrosis. J Viral Hepat, 2015, 22(9):701-707.

[39] Friedman SL, Roll FJ, Boyles J, Bissell DM. Hepatic lipocytes:
the principal collagen-producing cells of normal rat liver. Proc
Natl Acad Sci U S A, 1985, 82(24):8681-8685.

[40] Geerts A. History, heterogeneity, developmental biology, and
functions of quiescent hepatic stellate cells. Semin Liver Dis,
2001, 21(3):311-335.

[41] Friedman SL. Molecular regulation of hepatic fibrosis, an
integrated cellular response to tissue injury. J Biol Chem,
2000, 275(4):2247-2250.

[42] Senoo H, Kojima N, Sato M. Vitamin A-storing cells (stellate
cells). Vitam Horm, 2007, 75:131-159.

[43] Tsuchida T, Friedman SL. Mechanisms of hepatic stellate cell
activation. Nat Rev Gastroenterol Hepatol, 2017, 14(7):397—411.

[44] Prosser CC, Yen RD, Wu J. Molecular therapy for hepatic
injury and fibrosis: where are we? World J Gastroenterol,
2006, 12(4):509-515.

[45] Li X, Wang Y, Wang H, Huang C, Huang Y, Li J. Endoplasmic
reticulum stress is the crossroads of autophagy, inflammation,
and apoptosis signaling pathways and participates in liver
fibrosis. Inflamm Res, 2015, 64(1):1-7.

[46] Pintilie DG, Shupe TD, Oh SH, Salganik SV, Darwiche H,
Petersen BE. Hepatic stellate cells’ involvement in progenitor-
mediated liver regeneration. Lab Invest, 2010, 90(8):1199—
1208.

[47] Puche JE, Saiman Y, Friedman SL. Hepatic stellate cells and
liver fibrosis. Compr Physiol, 2013, 3(4):1473-1492.

[48] Liang S, Zhong Z, Seki E. Novel fate-tracing strategies show
that hepatic stellate cells mediate fibrosis in vivo. Gastro-
enterology, 2014, 146(7):1823—1825.

[49] Seki E, Schwabe RF. Hepatic inflammation and fibrosis:
functional links and key pathways. Hepatology, 2015, 61(3):
1066-1079.

Corresponding authors

[50] Li D, He L, Guo H, Chen H, Shan H. Targeting activated
hepatic stellate cells (aHSCs) for liver fibrosis imaging.
EJNMMI Res, 2015, 5(1):71.

[51] Higashi T, Friedman SL, Hoshida Y. Hepatic stellate cells as
key target in liver fibrosis. Adv Drug Deliv Rev, 2017, 121:
27-42.

[52] Forbes SJ, Russo FP, Rey V, Burra P, Rugge M, Wright NA,
Alison MR. A significant proportion of myofibroblasts are of
bone marrow origin in human liver fibrosis. Gastroenterology,
2004, 126(4):955-963.

[63] Saile B, Ramadori G. Inflammation, damage repair and liver
fibrosis — role of cytokines and different cell types. Z Gastro-
enterol, 2007, 45(1):77-86.

[54] Dranoff JA, Wells RG. Portal fibroblasts: underappreciated
mediators of biliary fibrosis. Hepatology, 2010, 51(4):1438—1444.

[65] Forbes SJ, Parola M. Liver fibrogenic cells. Best Pract Res
Clin Gastroenterol, 2011, 25(2):207-217.

[56] lonica FE, Mogoanta L, Nicola GC, Chiritda C, Negres S,
Bejenaru C, Turculeanu A, Badea O, Popescu NL, Bejenaru LE.
Antifibrotic action of telmisartan in experimental carbon
tetrachloride-induced liver fibrosis in Wistar rats. Rom J
Morphol Embryol, 2016, 57(4):1261-1272.

[57] Kisseleva T. The origin of fibrogenic myofibroblasts in fibrotic
liver. Hepatology, 2017, 65(3):1039-1043.

[58] Bilzer M, Roggel F, Gerbes AL. Role of Kupffer cells in host
defense and liver disease. Liver Int, 2006, 26(10):1175—1186.

[59] Pradere JP, Kluwe J, De Minicis S, Jiao JJ, Gwak GY,
Dapito DH, Jang MK, Guenther ND, Mederacke |, Friedman R,
Dragomir AC, Aloman C, Schwabe RF. Hepatic macrophages
but not dendritic cells contribute to liver fibrosis by promoting
the survival of activated hepatic stellate cells in mice.
Hepatology, 2013, 58(4):1461-1473.

[60] Pellicoro A, Ramachandran P, Iredale JP, Fallowfield JA.
Liver fibrosis and repair: immune regulation of wound healing
in a solid organ. Nat Rev Immunol, 2014, 14(3):181-194.

[61] Tacke F, Zimmermann HW. Macrophage heterogeneity in
liver injury and fibrosis. J Hepatol, 2014, 60(5):1090-1096.

[62] Friedman SL, Sheppard D, Duffield JS, Violette S. Therapy
for fibrotic diseases: nearing the starting line. Sci Transl Med,
2013, 5(167):167sr1.

[63] el Nahas AM, Muchaneta-Kubara EC, Essawy M, Soyle-
mezoglu O. Renal fibrosis: insights into pathogenesis and
treatment. Int J Biochem Cell Biol, 1997, 29(1):55-62.

[64] Rodriguez-Pefia A, Prieto M, Duwel A, Rivas JV, Eleno N,
Pérez-Barriocanal F, Arévalo M, Smith JD, Vary CP,
Bernabeu C, Lépez-Novoa JM. Up-regulation of endoglin,
a TGF-beta-binding protein, in rats with experimental renal
fibrosis induced by renal mass reduction. Nephrol Dial
Transplant, 2001, 16(Suppl 1):34-39.

[65] Andersson-Sjoland A, Nihlberg K, Eriksson L, Bjermer L,
Westergren-Thorsson G. Fibrocytes and the tissue niche in
lung repair. Respir Res, 2011, 12:76.

[66] Wynn TA. Integrating mechanisms of pulmonary fibrosis.
J Exp Med, 2011, 208(7):1339-1350.

[67] Istratoaie O, Pirici I, Ofiteru AM, Grosu F, Brinzea A, Olar L,
Efrem IC. Evaluation of cardiac microvasculature in patients
with diffuse myocardial fibrosis. Rom J Morphol Embryol,
2016, 57(4):1351-1356.

[68] Mihailovici AR, Deliu RC, Margaritescu C, Simionescu CE,
Donoiu |, Istratoaie O, Tudorascu DR, Tartea EA, Gheonea DI.
Collagen | and Ill, MMP-1 and TIMP-1 immunoexpression
in dilated cardiomyopathy. Rom J Morphol Embryol, 2017,
58(3):777-781.

[69] Eckes B, Wang F, Moinzadeh P, Hunzelmann N, Krieg T.
Pathophysiological mechanisms in sclerosing skin diseases.
Front Med (Lausanne), 2017, 4:120.

Cristina Jana Busuioc, Associate Professor, MD, PhD, Research Center for Microscopic Morphology and Immunology,
University of Medicine and Pharmacy of Craiova, 2 Petru Rares Street, 200349 Craiova, Dolj County, Romania;
Phone +40351-461 458, e-mail: dr_cristinab@yahoo.com

Bogdan-Virgil Cotoi, Lecturer, MD, PhD, Department of Family Medicine, University of Medicine and Pharmacy of
Craiova, 2 Petru Rares Street, 200349 Craiova, Romania; Phone +40725-897 911, e-mail: bogdan230376@yahoo.ro

Received: April 10, 2018

Accepted: January 6, 2019




