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Abstract Hydatid cysts formed by the metacestodes of
Echinococcus granulosus. Cattle suffering from hydatid
cyst shows fluid-filled structures, especially in liver. These
parasite-induced cysts localized by forming fibrous cap-
sules in the liver. Fibrogenesis is the host immune response
in the liver against these parasites. Hepatic stellate cells
(HSCs) are localized perisinusoidal space also known as
vitamin A-storing cells, characterize the important fibro-
genic cell type. In this study, livers from 15 animals with
hydatid cyst and 8 healthy animals were used. Hematoxylin
and Eosin, masson trichrome staining were performed on
the prepared liver sections. Microscopically, cysts were
bordered eosinophilic necrotic debris blended with degen-
erate neutrophils, macrophages, eosinophils, lymphocytes,
plasma cells and multinucleated giant cells, which extend
into the adjacent fibrous connective tissue. In Masson tri-
chrome staining, the fibrous connective tissue was
observed surrounding of hydatid cyst. Glial fibrillary acidic
protein (GFAP), collagen I, GFAP/collagen I, positive cells
were investigated using either indirect single- or double-
labeling immunohistochemical staining. The results indi-
cated that anti-GFAP-positive staining was seen in areas
including fibrous tissue just under the foreign body giant
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cells surrounding the cyst wall. In double immunohisto-
chemical staining, it was observed that HSCs labeled with
anti-GFAP antibody in the fibrous connective tissue also
labeled anti-collagen I antibody. This study shows that
HSCs may responsible for synthesis the collagen I in the
development of parasitic fibrosis in cystic echinococcosis
in the liver of cattle.
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Introduction

Cystic echinococcosis is a disease of some animal species
including cattle that affects humans caused by larval stage
of Echinococcus granulosus, which called as hydatid cyst
(Yildiz and Tunger 2005). The main macroscopic findings
are generated the hydatid cysts. They are responsible for
the disease symptoms. The hydatid cysts are slow growing
fluid-filled structures. They contain protoscoleces and are
frequently placed in the liver or lungs. Hydatid cysts
develop slowly in the tissues that can disturb the function
of the tissues (Eckert et al. 2001; Uzal et al. 2015).
Fibrosis; is a pathological finding manifested by
abnormal and ongoing wound healing process defined in
many important parasitic diseases. Hydatid cysts formed by
the metacestodes of E. granulosus, also Schistosoma
mansoni and Schistosoma japonicum eggs are localized by
forming fibrous capsules in the liver. The host immune
response in the liver is fibrogenesis against these parasites
(Ross et al. 2002). The fibrosis formed in the liver is a
barrier with a peri-parasitic extracellular matrix and tries to
prevent further growth of the parasite. This situation also
negatively affects drug and drug interactions (Ross et al.
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2002; Vuitton 2003). Liver fibrosis is characterized by
imbalance between the extracellular matrix components
and the degradation of the matrix metalloproteases
(Friedman 2003). This is; resulting from the complex
interaction between hepatocytes, Kupffer cells and hepatic
stellate cells (HSCs). HSCs; the mesenchymal cells, for-
merly called the Ito cell, are located in the perisinusoidal
space and store vitamins A (Friedman 2003). As a result of
stimulation, HSCs are transformed from vitamin A storage
cells into myofibroblast phenotypic cells (Friedman 2008)
and they represent the key fibrogenic cell type (Mederacke
et al. 2013).

In the healthy liver, extracellular matrix components
(EMCs) produced at physiological limits by inactive HSCs.
They undergo transformation into proliferation after the
liver damage. Also, pass into fibrogenic and myofibroblast
forms that generate enormous EMCs (Iredale 2003).

In the chronic liver diseases, inflammatory processes
end in disproportion between EMCs’ production and
degradation, favoring their stabilization via enzymatic
bonding (Ricard-Blum et al. 1996). In murine alveolar
echinococcosis, collagen type I joins the late phase of
infection, but pro-collagen type III joins in the initial phase
of infection. However, in the experimental study of
Schistosoma mansoni in mice, type I collagen prevails in
the initial phase of infection (Olds et al. 1985). In Schis-
tosoma japonicum infection, Bartley et al. (2006) showed a
contributive function for activated HSCs in the dynamics
of egg-induced fibrosis.

To our knowledge, the role of HSC’s collagen produc-
tion and HSCs localization in cattle liver infected with
hydatid cyst has not been investigated before. In this study,
HSCs were investigated whether a possible role in pro-
ducing collagen in the development of fibrous tissue in
cattle infected with cystic echinococcosis by
immunohistochemistry.

Materials and methods

Sample collecting and tissue processing

and the infected liver which were detected with hydatid
cyst macroscopically after the slaughter. A total of 23 cattle
liver samples were used, 15 were with hydatid cyst and 8
were healthy liver. Samples were fixed for 48—72 h in the
4% buffered Paraformaldehyde solution. After the fixation,
tissues were routinely processed to paraffin sec-
tions. 4-5 um thickness sections taken from each liver
with a microtome and stored for histopathological and
single and double immunohistochemical staining.

Macroscopy and histopathology

Macroscopic photos were taken from the liver samples.
Hematoxylin and eosin (H&E), Masson Trichrome staining
were performed on the prepared sections. Digital
microphotographs were captured with a DP25 camera
attached Olympus BX51 microscope (Japan).

Antibodies

Details of antibodies used in this study were given in
Table 1.

GFAP and collagen I immunohistochemistry

All immunohistochemical tests were performed using a
streptavidin—biotin kit (Thermo Fisher Scientific).
Diaminobenzidine (DAB) chromogen was used for label-
ing, and Mayer’s hematoxylin was used for background
staining. Normal mouse serum was used in negative control
staining procedure. After deparaffinization step, endoge-
nous peroxidase blocking process was done with 3%
hydrogen peroxide in methyl alcohol for 9-10 min. Anti-
gen retrieval was done using Tris-buffered saline (TBS, pH
6.0) in a pressure cooker for 30 min. Then, the protein
blocking step was carried out for 8 min. After then, the
slides were treated with primary antibody (GFAP and
collagen I) for 1 h, after, 30 min secondary antibody step
and 30 min streptavidin step was done. Slides were washed
lightly twice with PBS for 5 min in every step. Sec-
tions were treated in a controlled under microscope with
DAB for 10 min. Then slides were evaluated under light

The liver samples were obtained from the slaughterhouse = microscope  after  counterstained  with ~ Mayer’s
in Kirikkale province. In the slaughterhouse visits made at ~ hematoxylin.

regular intervals, samples were taken from healthy liver

Table 1 Information of antibodies used in this study

Antibody Manufacturer Host Dilution
Collagen I Abcam (USA) Rabbit polyclonal 1:100
(Glial fibrillary acidic protein) GFAP Thermo Fisher Scientific (USA) Rabbit Polyclonal 1:100
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GFAP/collagen I double immunohistochemistry

Co-localization of antibodies in this study (GFAP/collagen
I) was showed with Double-labeling immunohistochem-
istry technique. Horseradish peroxidase (HRP) kit (Dako,
Glostrup, Denmark) and an alkaline phosphatase kit (Lab
Vision, Fremont, USA) were used. Antigen retrieval was
done (same with Single-labeling immunohistochemistry)
for 30 min and protein blocking step was carried out for
8 min. After then, the slides were treated with anti- GFAP
antibody for overnight. Next day, the biotinylated polyva-
lent secondary antibody was added for 15 min, then
streptavidin conjugated with HRP for 10 min. After a
period of time, sections were treated in a controlled under a
microscope with DAB for 15 min and were washed out
with distilled water. The next step of co-localization was
done for collagen I labeling. For this labeling, the washed
out slides were incubated with collagen I antibody for 1 h
and then were incubated with a biotinylated polyvalent

anti-rabbit secondary antibody for 10 min followed by
incubation with an alkaline phosphatase-conjugated anti-
streptavidin antibody (Lab Vision, Fremont, USA) for
10 min. Then, the sections were treated with 5-bromo-4-
chloro-3-indolyl phosphate/nitroblue tetrazolium (BCIP/
NBT; ThermoScientific) for 30 min for color development.
Brown and blue-purple colors were indicated the positive
labelings. Counterstaining was not used at this stage.

Results
Macroscopy and histopathology

Macroscopically, liver containing hydatid cysts which are
irregular oval to round, fluid-filled, gray-white colored
areas were seen. In the sections of these regions, 4-7 cm
diameter (Fig. 1A), the typical hydatid cysts with thick
bands of fibrous connective tissue were determined.

Fig. 1 A Macroscopic view of hydatid cysts in fixed liver sec-
tion. B Microscopic view of hydatid cyst. Cyst wall (arrow)
surrounded by multinucleated foreign body giant cells (arrowhead),
the cyst is immediately surrounded by inflammation cells (a) and
dense collagen (b). Hepatocytes have vacuolar degeneration and
pyknosis (c). There is fibrosis, few inflammatory cells and hyper-
plastic bile ducts (d). Hydatid cyst space (asterisk). Hematoxylin-
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Eosin staining. Magnification:
hyperplastic bile ducts (arrows). Hematoxylin- Eosin staining.
Magnification: x100. D Microscopic view of hydatid cyst. Cyst wall
(arrow), hydatid cyst space (asterisk) and dense collagen (b),
hyperplastic bile ducts (d). Masson Trichrome staining. Magnifica-
tion: x 100

x100. C Microscopic view of
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Hematoxylin and eosin staining; cysts were bordered
eosinophilic necrotic debris blended with degenerate neu-
trophils, macrophages, eosinophils, lymphocytes, plasma
cells and multinucleated giant cells, which extend into the
adjacent fibrous connective tissue (Fig. 1B, C). It was
noted that some cysts degenerated in the liver and the cyst
structures were dispersed and caseous or calcified. The
presence of degenerative and necrotic areas was found just
outside the granulomatous tissue. In these areas, the liver
parenchyma; in some hepatocytes, pycnotic findings were
found with vacuolar degeneration. Periportal region is
thickened with cellular growth. The biliary ductal reaction
was seen (Fig. 1B, C). Definition of morphological diag-
nosis in all sampled animals was hydatid cyst, with mul-
tifocal fibrosis, necrotizing hepatitis and biliary
hyperplasia, etiology consistent with E. granulosus.

In Masson trichrome staining, the fibrous connective
tissue was observed surrounding of hydatid cyst. However,
the hydatid cyst wall was also stained with the same color
as the fibrous connective tissue (Fig. 1D)

Fig.2 A and B Anti-GFAP immunolabeling. Anti-GFAP
immunopositive cells (brown) (arrows). Foreign body giant cells
(arrow head). Hydatid cyst lumen (asteriks). Counter staining:
hematoxylin. Magnification: x200. C Anti-collagen I immunolabel-
ing. Anti-collagen I immunopositive area (brown) (arrows). Hydatid

Single- and double-labeling immunohistochemistry

Anti-GFAP immunopositivity was not detected in liver
samples taken from healthy cattle. Livers taken from cattle
with hydatid cysts; anti-GFAP-positive staining was seen
in areas including fibrous tissue just under the foreign body
giant cells surrounding the cyst wall (Fig. 2A, B).

Anti-collagen I immunopositivity is not found in healthy
animals; anti-collagen I immunopositivity was clearly
observed in the liver of animals infected with hydatid cyst
which are stained as collagen with H&E staining and
Masson Trichrome staining. In addition, this positivity was
also observed around the thickened periportal regions
(Fig. 2C, D).

In double immunohistochemical staining, it was
observed that HSCs labeled with anti-GFAP antibody in
the fibrous connective tissue also labeled anti-collagen I
(Fig. 3A-D).
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cyst lumen (asteriks). Counter staining: hematoxylin. Magnification:
x200. D Anti-collagen I immunolabeling. Anti-collagen I
immunopositive area (brown) (arrows) in dense collagen, periportal
area. Counter staining: hematoxylin. Magnification: x200
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Fig. 3 A-D Anti- GFAP and anti- collagen I double immunolabel-
ing. Anti-GFAP immunopositive cells (brown) express anti-collagen I
(blue) in surrounded cyst and periportal area. Hydatid cyst lumen
(asteriks). No counter staining. Magnification: x100. E Anti-GFAP
immunolabeling in healthy animal, no positive immunolabeling

Discussion

To our knowledge, the main character of granulomatous
inflammation, which is dominant in the lesions formed by
the E. granulosus in the cattle liver, was shown in this
study for the first time that connective tissue elements were
produced by HSCs placed perisinusoidal space in the liver.

@ Springer

except for a few cells. Counter staining: hematoxylin. Magnification:
x100. F Anti- collagen I immunolabeling, no positive immunolabel-
ing. Counter staining: hematoxylin. Magnification: x100

HSCs are expressed by vimentin, desmin and alpha-sma
in terms of morphological characteristics and mesenchymal
cells. In addition, GFAP is expressed with nestin, neu-
rotropin receptor and synaptophysin (Moreira 2007). It was
demonstrated that GFAP, desmin and vimentin were pos-
itive for HSCs in cattle (Carollo et al. 2012). In this study,
we used the GFAP antibody which was used before in our
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laboratory for another study to demonstrate the HSCs
(Atmaca et al. 2013).

HSCs play a role in the production of collagen in the
regenerative activities against liver damage (Friedman
2008). This clearly shows that it plays an important role in
the development of fibrosis and the further stage of cir-
rhosis (Rastogi et al. 2012). Alveolar granulomatous
inflammation and fibrosis in alveolar echinococcosis
caused by E. multilocularis are important in the host
against the growth of parasitic cysts (Guerret et al. 1998).
However, HSCs play an important role in the synthesis of
extracellular matrix components in the case of parasitic
fibrosis and cirrhosis in bovine liver infected with Fasciola
hepatica and Dicrocoelium dendriticum (Kukolj et al.
2009). Fascioloides magna infected livers in deers were
reported that parasitic granulomatous lesions were sur-
rounded by collagen I positive areas (Marinkovic¢ et al.
2013). Similarly, granulomatous lesions in liver infected
with Mesocestoides vogae in mice, were also surrounded
by collagen I positive areas and these areas increased as the
infection progressed (Hrckova et al. 2010).

Cystic echinococcosis, a zoonotic disease that leads to
remove of the liver parenchyma in the peri-parasitic area.
Also, it leads fibrosis in portal spaces as a characteristic
finding of the disease. Fibrosis allows the host to block the
growth of the parasite. However, it also disrupts the liver
tissue and may cause bile ducts and vessels to contract.
Moreover, this condition has been shown to cause sec-
ondary biliary cirrhosis (Vuitton et al. 1986; Ricard-Blum
et al. 1996).

Past experimental models of alveolar echinococcosis,
have suggested that fibrosis progresses with an early
deposition of type III collagen pro-peptide and type III
collagen at the periphery of the granulomas, and subse-
quent remodeling of fibrosis with bundles of type I colla-
gen in the periparasitic central area (Guerret et al. 1998).
This study, on the other hand, has determined collagen type
I expression in the liver that is infected with echinococ-
cosis, especially around the parasitic cysts. Furthermore, in
collagen positive fibrous area, GFAP positive HSCs were
observed.

In the present study, it was clear that collagen I positive
areas were present in the fibrous tissue around the hydatid
cysts. Therefore, HSCs were determined by GFAP
immunohistochemistry for the determination of the cells
responsible for the produce of the collagen. HSCs were
clearly observed in these collagen positive areas. Activated
HSCs via Kupffer cells, triggered the conversion to
myofibroblasts and eventually followed in collagen syn-
thesis resulting fibrogenic immune response on the host is
observed (De Minicis et al. 2007; Pradere et al. 2013).
Mpyofibroblasts that derived from HSCs have been detected
in echinococcosis in the liver in humans (Vuitton et al.

1986). These cells also have been demonstrated in exper-
imental alveolar echinococcosis model in mice (Guerret
et al. 1998).

It has been evidenced that there is a complex interaction
between various cell types including hepatocytes, Kupffer
cells, epithelial cells, SECs, platelets, neutrophils and
HSCs in the liver. A subset of mediators with different
effects on HSCs will be secreted by each of these cell types
(Moreira 2007). Whether HSCs release mediators to
decrease or increase or suppress the collagen production is
still a matter of interest.

Further studies to be undertaken to better understand
liver diseases of different etiologies and stages through
immunohistochemical markers and molecular studies of
HSCs are required to approve these initial observations.
Future studies in this direction will also be helpful in elu-
cidating liver injury and repair mechanisms as well as
improving therapeutic interventions in liver diseases asso-
ciated with cystic echinococcosis.
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