
Abstract. Background/Aim: The mechanisms underlying
the contribution of the heparan sulfate proteoglycan
syndecan-1 to liver tissue injury and to crucial biological
processes, such as fibrogenesis, remain to be elucidated.
Therefore, we investigated the immunohistochemical
expression of syndecan-1 in chronic liver diseases (CLDs)
and its probable role in hepatic fibrosis. Materials and
Methods: Immunohistochemistry was performed on
formalin-fixed, paraffin-embedded tissue sections of biopsy
material obtained from 128 patients diagnosed with CLDs.
The correlation between syndecan-1 expression and the
stage of fibrosis was investigated. Results: According to the
severity of fibrosis, cases were categorized into three
groups: early fibrosis; intermediate fibrosis; advanced
fibrosis. Syndecan-1 expression was significantly enhanced
in advanced fibrosis compared to early (p<0.012) and
intermediate (p<0.003) fibrosis. Conclusion: In CLDs,
syndecan-1 immunohisto-chemical overexpression was
found to be positively correlated with the severity of fibrosis,
suggesting its probable role in hepatic fibrogenesis.

Liver fibrosis constitutes one of the most important
responses of the liver to persistent tissue damage, due to a
variety of pathological insults, including hepatitis virus
infection, alcohol consumption, toxins, and autoimmune or
metabolic disorders (1-3). It is a dynamic wound-healing
process that reflects an imbalance between the production
and remodeling of the extracellular matrix (ECM), which
leads to altered and excessive accumulation of ECM
components and therefore to the disruption of the normal
tissue architecture (1-3). The progressive accumulation of
ECM observed during fibrogenesis is due to the production
of large amounts of proteins such as proteoglycans,
collagens, fibronectin, and is driven by liver fibrogenic
cells, especially myofibroblasts, which originate mainly
from activated hepatic stellate cells (HSCs) (2-4). Among
others, inflammatory cells such as macrophages, and
cytokines as well as signaling pathways [e.g. transforming
growth factor-β1 (TGFβ1)/SMAD family member 3
(SMAD3) pathway] seem to participate in the fibrogenetic
process after liver injury (2, 3).

ECM remodelling is important for the preservation of liver
tissue homeostasis and depends largely on the balance
between matrix metalloproteinases (MMPs) and their
inhibitors (TIMPs). Studies have shown that increased
amounts of TIMPs can promote liver fibrosis by their anti-
apoptotic function on HSCs (5, 6). Moreover, a growing
body of evidence also suggests that the heparan sulfate
proteoglycans (HSPGs), syndecans, can affect ECM
assembly and turnover (7). Syndecans are a family of four
proteoglycans in mammals, syndecans 1 to 4. Structurally,
they consist of three domains: an extracellular domain
(ectodomain), a transmembrane domain, and a cytoplasmic
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domain (8-11). The extracellular domain is the most well-
characterized region that carries glycosaminoglycan (GAG)
side chains, which enable important interactions with growth
factors, cytokines, chemokines, ECM molecules and
enzymes (7, 11, 12). As a result of ligand interactions,
syndecans stimulate a variety of biological signaling events
related to integrin-mediated cell adhesion, inflammation,
wound healing and fibrosis (9, 12-14).

Experimental models of tissue injury have suggested the
important role of syndecan-1 in inflammatory, reparative and
fibrotic processes (12, 15, 16). In injured areas, the activation of
proteases may lead to cleavage off of the ectodomain, a process
which is known as shedding. The shed ectodomain has been
found to induce cell signals through presentation of ligands with
cognate receptors (15). In inflammatory processes, both shed and
exogeneous syndecan-1 ectodomains may induce neutrophil
chemotaxis and the shed form may regulate chemokine activities
(15, 16). Increased syndecan-1 shedding has been correlated with
wound repair, and in fibrotic areas, both forms of ectodomains
have been found to be accumulated within the ECM (12). 

Studies in injured lung and heart tissue suggested the
implication of syndecan-1 in the pathogenesis of organ
fibrosis (13, 17-20). In murine experimental models of lung
fibrosis, syndecan-1 overexpression has been observed in the
alveolar epithelium of fibrotic regions from bleomycin-
injured lungs (13). Interestingly, wild-type mice had higher
lung collagen content and a profibrotic gene-expression
profile compared to syndecan-1 deficient mice. Similar
findings of syndecan-1 overexpression have been shown in
lung samples from patients with idiopathic pulmonary
fibrosis (13). In heart injury, experiments using syndecan-1
knock-out mice subjected to myocardial infarction have
shown adverse infarct healing, collagen disorganization and
fragmentation due to the increased activity of MMPs, as well
as to the alterations of recruitment of inflammatory cells
(21). In contrast, syndecan-1 overexpression improved the
formation of collagen matrix and protected against rupture
post-myocardial infarction (21).

In liver tissue, syndecan-1 is expressed in abundance on
the surface of hepatocytes. It mediates the clearance of
triglyceride-rich lipoproteins and it is up-regulated after
infection by hepatitis virus (22-24). These observations
suggest that syndecan-1 may play a role in response to agents
that are metabolized by the liver and to agents that cause liver
disease. In an experimental mouse model with liver injury
induced by a hepatotoxic metabolite produced after
acetaminophen overdose, it was found that syndecan-1 may
limit the progression of tissue injury and may promote tissue
repair, probably by controlling the balance between protein
kinase B (AKT) activation of pro-survival signaling and
glycogen synthase kinase-3β-mediated apoptosis (25, 26). In
earlier publications, increased syndecan-1 tissue expression
and serum levels of the shed ectodomain have been

demonstrated in human liver diseases, such as nonalcoholic
fatty liver disease, cirrhosis and even hepatocellular
carcinoma (26, 27). In addition, the serum concentration of
the shed syndecan-1 has been associated with the severity of
fibrosis, underlying its potential value for disease monitoring
(27, 28). However, it was shown recently that syndecan-1
inhibits the early stages of liver fibrogenesis, probably by
eliminating TGFβ1 or by hindering its activation by
interfering with its major activator thrombospondin-1 (29).
Interestingly, the protective effect of syndecan-1 was found
to change over time and a significant decrease in its
expression during the later stages of fibrosis was found. 

Despite the accumulating data on the biological function
of syndecan-1, the significance of its altered expression
remains to be determined. Herein, we investigated the
immunohistochemical expression of syndecan-1 in CLDs
and its probable role in hepatic fibrosis.

Materials and Methods

Tissue material. Tissue material consisted of 128 cases of CLDs that
had been diagnosed on the basis of routine stains during liver biopsy
interpretation (Table I). The protocol was approved by the Ethics
Committee of the University Hospital of Ioannina (May 23, 2019)
which allowed the use of biological material for research purposes.

The median age of the study population at the time of diagnosis
was 50 years (range=16-88 years). Males and females accounted for
54.7% (n=70) and 45.3% (n=58), respectively. Paraffin blocks of
tissue biopsies were retrieved from the archives of the Department
of Pathology, Faculty of Medicine, School of Health and Sciences,
University of Ioannina and histological sections 3- to 4-μm-thick
were prepared. 

During the diagnostic procedure, the stage of fibrosis was assessed
in all cases using traditional staging systems (30, 31). In order to
provide more meaningful information, we categorized our cases into
three groups according to the severity of fibrosis as follows: Early
fibrosis: No fibrosis or perisinusoidal or portal/periportal fibrosis;
Intermediate fibrosis: Perisinusoidal and portal/periportal or bridging
fibrosis. Advanced fibrosis; Fibrous septa with focal or diffuse
nodularity or established cirrhosis (Table I). 
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Table I. Fibrosis group and pathogenesis.

                                                                           Fibrosis, n

                                                Early     Intermediate    Advanced      Total

Pathogenesis
  Steatohepatitis                        37                  5                  11               53
  Hepatitis B                              19                13                    3               35
  Hepatitis C                                6                  3                    3               12
  Drug-induced hepatitis             4                  1                    2                 7
  Autoimmune hepatitis            10                  6                    5               21

Total                                          76                28                  24             128



Five cases of liver biopsies without evidence of pathology served
as normal control liver samples.

Immunohistochemistry. Immunohistochemical staining for
syndecan-1 was performed on formalin-fixed, paraffin-embedded
tissue sections with the standard avidin-biotin-immunoperoxidase
method (Elite ABC Kit, Vectastain; Vector, Burlingame, CA, USA)
according to the instructions of the supplier of the mouse
monoclonal antibody against human syndecan-1 (B-B4; Serotex,
Oxford, UK) was used. Negative controls (omission of the primary
antibody) were used in all experiments.

For assessment of immunohistochemical expression of syndecan-
1, a semiquantitative immunohistochemical score (H-score), was
used. The score was calculated by multiplying the percentage of
positively stained hepatocytes by the staining intensity using the
following formula: [1×(% weakly positive area)+2×(% moderately
positive area)+3×(% strongly positive area)]. Immunohistochemical
evaluation was performed by two histopathologists.

Statistical analysis. For statistical analyses, IBM SPSS version 25
(IBM, Armonk, NY, USA) software package was used and
significance levels were tested by Student’s t-test for normally
distributed data or Mann–Whitney U-test for non-normally
distributed data, or using the chi-square for categorical variables.
The statistical difference between more than two groups was
evaluated by Kruskal–Wallis one-way ANOVA. The results were
considered as statistically significant when p<0.05.

Results

Immunohistochemical expression of syndecan-1 in normal
liver tissue. All cases with normal liver tissue showed a
positive reaction to syndecan-1 antibody, with pale brown
staining mostly along the sinusoidal surface of hepatocytes,
as a primary sinusoidal pattern of immunostaining. The
staining intensity was weak to moderate. Moreover, the
lateral surface of hepatocytes showed focal membranous
immunostaining or no immunostaining.

Immunohistochemical expression of syndecan-1 in CLDs. In
the group of cases with early liver fibrosis, syndecan-1
exhibited a sinusoidal immunostaining pattern along with

extension of the immunostaining on the lateral surfaces of
hepatocytes. The immunostaining intensity was mild to
moderate (Figure 1A). 

In groups with intermediate and advanced fibrosis,
syndecan-1 staining gradually extended to almost the entire
cell membrane, creating a honeycomb-like immunostaining
pattern. The staining intensity was moderate to strong
(Figure 1B and C). 

Statistical analysis showed that syndecan-1 expression was
significantly enhanced in the advanced fibrosis compared to
the early and intermediate fibrosis (p<0.012 and p<0.003,
respectively) (Table II).

No correlation of syndecan-1 expression with patient age
and sex was observed. In addition, syndecan-1 expression
did not show any correlation with the etiology (e.g. viral
hepatitis, alcohol intake) of liver disease.

Discussion

Fibrosis is a consequence of CLDs due to various etiologies.
Recent clinical evidence has changed the initial belief that
advanced fibrosis, cirrhosis, is always irreversible and even
in humans, successful treatment of the underlying disease
may lead to regression of fibrosis (2, 32-34). Understanding
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Figure 1. Syndecan-1 immunohistochemistry in early (A), intermediate (B) and advanced (C) liver fibrosis. Magnification: 200×. 

Table II. Syndecan-1 expression in patients with different stages of liver
fibrosis.

Fibrosis group         N             IRS H-score,                 p-Value*
                                                   mean±SD

Early                        76          206.66±68.066         
Intermediate            28          189.46±61.544         0.192 vs. Early
Advanced                24          243.75±51.526         0.012 vs. Early
                                                                                0.003 vs. Intermediate

Total                       128                       
                                  
*Mann-Whitney U-test. Statistically significant p-values are shown in bold.



the mechanisms of fibrogenesis may improve diagnostic and
therapeutic approaches. After intensive experimental
research, it became evident that liver fibrogenesis is a
dynamic wound-healing process that requires the interactions
of several cell types, the alterations of many structural
molecules and the dysregulation of several intracellular
signaling pathways (2, 3). Multiple evidence implicates
syndecan-1 in tissue injury as well as in inflammatory,
regenerative, fibrogenic and neoplastic processes (12, 15, 16,
26, 35). Since syndecan-1 has be found to be required for
wound healing and liver fibrosis is closed related to wound
healing and formation of scar, it is apparent that syndecan-1
expression in fibrotic liver may have clinical significance.

In the present study and in agreement with previous studies
(36-38) we found syndecan-1 immunostaining in normal liver
tissue mostly along the sinusoidal surface of hepatocytes in
contrast to the lateral surface, where no or only faint staining
was observed. The distribution pattern of syndecan-1 staining
reflects its specific localization in liver tissue and may explain
some of its biological functions. On the surface of hepatocytes,
syndecan-1 is localized to the Disse space (22, 36, 39). This
location is a unique environment, where there is a high
concentration of lipoproteins and ligands (22). This evidence
may explain why syndecan-1 is considered a major receptor
involved in the clearance of triglyceride-rich lipoproteins. In
addition, the fact that the GAG side chains of syndecan-1
ectodomain in liver contain more binding sites for lipoproteins
may explain why syndecan-1 mediates clearance in liver but
not in other tissues (22). Hepatocyte polarization and
canalicular network formation are essential for many liver
functions and require a coordinated expression of several key
elements, such as ECM, adherens and tight junctions,
cytoskeletal microfilaments and microtubular systems 40).
Syndecan-1 links cells to the interstitial matrix and connects
the matrix with the intracellular cytoskeleton (15, 36). Thus,
syndecan-1 is required for the maintenance of epithelial and
matrix organization. Taking into consideration its specific
localization, it seems that syndecan-1 is correlated with
hepatocyte polarization. The process of hepatocyte polarization
seems to be important in liver response to agents that, if
abnormal, may cause liver disease. Hepatitis B virus entry into
hepatocytes is dependent on cell polarization and suggests that
the possible viral cell receptor may be located in the basolateral
membranes (40). This may explain the up-regulation of
syndecan-1 after hepatitis virus infection. A major role of
syndecans is their action as co-receptors, regulating cell
signaling and cell behavior (41). Given the specific
immunolocalization of syndecan-1, one can postulate that its
co-operation with other receptors may be important for the
regulation of normal liver function and tissue homeostasis (36). 

In cases of liver diseases, compared to normal liver, an
altered immunolocalization of syndecan-1 was observed,
reflected either by sinusoidal hepatocyte surface staining

with extension to the lateral surface or by entire cell
membrane staining. Interestingly, these changes in
localization were associated with changes in staining
intensity along with the fibrosis status. Specifically, in
intermediate and advanced stages of fibrosis, the staining
intensity was significantly more robust than in early stages
and the staining was gradually extended to almost the entire
cell membrane, creating a honeycomb-like pattern. There are
few reports in the international literature that describe in
detail changes in the immunostaining pattern of syndecan-1
in liver disease compared to normal liver tissue (37, 38).
Syndecans have mainly heparan sulphate (HS) and some
chondroitin sulphate GAG side chains on their extracellular
domain, which consist of repeating disaccharide units that
are attached to serine residues in the proteoglycan core
proteins (11). GAG side chains have a negative charge that
allows their interaction with various molecules of ECM with
positive charges. The importance of HS has been
demonstrated in development and in a variety of
physiological and pathological processes of animal cells and
tissues (7, 37, 42). HS may regulate many factors implicated
in tissue injury, such as growth factors, cytokines and matrix
elements, by affecting their activity, stability and destination
(42). Syndecan-1 function is mainly determined by its
capacity to bind ligands via HS chains. In addition, HS has
been reported to act as co-receptor for the cellular entry of
hepatitis B and C viruses (37, 43). Interactions between HS
and specific ligands are fine-tuned in part by the sulfation
pattern of HS. HS may undergo qualitative and quantitative
alterations under pathological conditions (37). In the study
of Tatrai et al., the HS immunoprofile of rats and human
liver and alterations of HS related to liver fibrosis and liver
carcinogenesis were investigated. An accumulation and
altered localization of HS in CLDs was observed (37).
Unlike hepatocytes in the normal liver, where only the
sinusoidal area was immunostained, hepatocytes in cirrhotic
liver also exhibited HS immunoreaction on the non-
sinusoidal lateral cell surfaces. HS staining was intensified
overall in tissues with fibrogenic diseases and disaccharide
analysis revealed highly sulphated cell surface HS epitopes.
In accordance with the localization of HS, in cirrhotic tissue,
syndecan-1 localization extended to the entire hepatocyte
membrane and sinusoidal staining was intensified (37).

In the present study, increased syndecan-1 expression was
statistically correlated with the severity of fibrosis. Although
syndecan-1 has been recognized as an essential player in
wound healing, its involvement in liver fibrogenesis has not
been completely characterized. During liver injury, ECM
production exceeds ECM degradation, therefore, ECM
becomes insoluble and resistant to protease digestion because
of the progressive thickening of fibrotic septa and the
increase in chemical cross-linking of collagen (32, 33).
Underlying this fibrotic response is HSCs activation into
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myofibroblasts and the secretion of cytokines from liver and
inflammatory cells, that mediate the activation of several
intracellular signalling pathways (2). Studies have
highlighted the role of syndecan-1 in lung and cardiac
fibrosis and provided new insights into how fibrogenic
signals are modulated (13, 17-20).

Syndecan-1 overexpression by alveolar epithelium during
fibrosis may promote fibroproliferation and may alter
alveolar cell phenotype by augmenting TGFβ and WNT/β-
catenin fibrogenic signaling pathways (13). In addition, it has
been reported that syndecan-1 may regulate the anti-fibrotic
microRNA load within extracellular vesicles and therefore,
the ability of these vesicles to alter epithelial plasticity and
to promote lung fibrosis (13). Syndecan-1 expression has
been shown to be up-regulated under pro-inflammatory
stimuli in different forms of cardiac disease with fibrosis (19,
21, 44, 45). Interestingly, syndecan-1 expression resulted in
cardiac infarct healing and collagen deposition, probably by
promoting TGFβ activation or by activating downstream
TGFβ signaling pathways (19, 44).

Syndecan-1 is up-regulated in liver cirrhosis. Increased
shedding and serum concentration of the molecule is a
characteristic feature of hepatic fibrosis (28, 29, 37);
however, the exact mechanisms underlying its role remain
elusive. A recent study showed that syndecan-1 is
overexpressed during the earlier stages of fibrogenesis and
inhibits fibrosis probably by interfering with TGFβ1 and by
promoting up-regulation of MMP14, a protease playing a
critical role in matrix degradation (29). Since syndecan-1
overexpression can reduce expression of TGFβ1 and its
receptor, and HS can negatively regulate the TGFβ1
response, it was hypothesized that both processes are able to
delay fibrogenesis (29, 46, 47). Syndecan-1 overproduction
is also accompanied by increased shedding, a fact that seems
to have a benefit in experimental liver fibrosis (29). Both
syndecan-1 and TGFβ concentrations were elevated in the
sera of patients with fibrosis and this elevation was parallel
to the severity of the disease. Importantly, during the late
stages of fibrogenesis, syndecan-1 was down-regulated (31).
Syndecan-1 down-regulation can induce activation of HSCs
via the TGFβ1/SMAD3 signaling pathway (25, 48), and
HSCs can be trans-differentiated into myofibrolasts, which
produce a large variety of proteins forming connective tissue
(2).

In our study, no correlation of syndecan-1 expression with
patient age and sex nor with the etiology of liver fibrosis was
demonstrated. However, syndecan-1 overexpression in
hepatitis virus C-infected liver tissue has been described,
suggesting syndecan-1 as a major receptor for hepatitis virus
C internalization into hepatocytes (23, 24, 38).

In conclusion, in the present study we demonstrated that
syndecan-1 overexpression in CLDs is correlated with
advanced fibrosis. Because syndecans appear to be involved

in the regulation of fundamental pathways in tissue injury,
repair and fibrosis, the ongoing investigation of their role in
the injured liver tissue may provide new insights into the
mechanistic basis of liver disease. Understanding the basic
mechanisms of fibrogenesis may improve diagnostic and
therapeutic options. Moreover, the characterization of
different pathways that are associated with different
etiological factors of CLDs may contribute to the
development of specific therapies for individual diseases.
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