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Abstract
AIM: To investigate the expression of chondroitin sul-
phate proteoglycans (CSPGs) in rat liver tissues of he-
patocellular carcinoma (HCC). 

METHODS: Thirty male Sprague Dawley rats were ran-
domly divided into two groups: control group (n  = 10) 
and HCC model group (n  = 20). Rats in the HCC model 
groups were intragastrically administrated with 0.2% 
(w/v) N-diethylnitrosamine (DEN) every 5 d for 16 wk, 
whereas 0.9% (w/v) normal saline was administered 

to rats in the control group. After 16 wk from the initia-
tion of experiment, all rats were killed and livers were 
collected and fixed in 4% (w/v) paraformaldehyde. 
All tissues were embedded in paraffin and sectioned. 
Histological staining (hematoxylin and eosin and Tolu-
idine blue) was performed to demonstrate the onset of 
HCC and the content of sulphated glycosaminoglycan 
(sGAG). Immunohistochemical staining was performed 
to investigate the expression of chondroitin sulphate 
(CS)/dermatan sulphate (DS)-GAG, heparan sulphate 
(HS)-GAG, keratan sulphate (KS)-GAG in liver tissues. 
Furthermore, expression and distribution of CSPG fam-
ily members, including aggrecan, versican, biglycan and 
decorin in liver tissues, were also immunohistochemi-
cally determined.

RESULTS: After 16 wk administration of DEN, malig-
nant nodules were observed on the surface of livers 
from the HCC model group, and their hepatic lobule 
structures appeared largely disrupted under micro-
scope. Toluidine blue staining demonstrated that there 
was an significant increase in sGAG content in HCC 
tissues when compared with that in the normal liver 
tissues from the control group [0.37 ± 0.05 integrated 
optical density per stained area (IOD/area) and 0.21 ± 
0.01 IOD/area, P  < 0.05]. ������������������������� Immunohistochemical stud-
ies demonstrated that this increased sGAG in HCC tis-
sues was induced by���������������������������������      an elevated expression of CS/DS 
(0.28 ± 0.02 IOD/area and 0.18 ± 0.02 IOD/area, P  < 
0.05) and HS (0.30 ± 0.03 IOD/area and 0.17 ± 0.02 
IOD/area, P  < 0.01) but not KS GAGs in HCC tissues. 
Further studies thereby were performed to investigate 
the expression and distribution of several CSPG com-
ponents in HCC tissues, including aggrecan, versican, 
biglycan and decorin. Interestingly, there was a dis-
tinct distribution pattern for these CSPG components 
between HCC tissues and the normal tissues. Positive 
staining of aggrecan, biglycan and decorin was local-
ized in hepatic membrane and/or pericellular matrix 
in normal liver tissues; however, their expression was 
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mainly observed in the cytoplasm, cell membranes in 
hepatoma cells and/or pericellular matrix within HCC 
tissues. Semi-quantitative analysis indicated that there 
was a higher level of expression of aggrecan (0.43 ± 
0.01 and 0.35 ± 0.03, P  < 0.05), biglycan (0.32 ± 0.01 
and 0.25 ± 0.01, P  < 0.001) and decorin (0.29 ± 0.01 
and 0.26 ± 0.01, P  < 0.05) in HCC tissues compared 
with that in the normal liver tissues. Very weak versican 
positive staining was observed in hepatocytes near cen-
tral vein in normal liver tissues; however there was an 
intensive versican distribution in fibrosis septa between 
the hepatoma nodules. Semi-quantitative analysis in-
dicated that the positive rate of versican in hepatoma 
tissues from the HCC model group was much higher 
than that in the control group (33.61% and 21.28%, P  
< 0.05). There was no positive staining in lumican and 
keratocan, two major KSPGs, in either normal or HCC 
liver tissues.

CONCLUSION: CSPGs play important roles in the 
onset and progression of HCC, and may provide poten-
tial therapeutic targets and clinical biomarkers for this 
prevalent tumor in humans.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Proteoglycans (PGs) are remarkably complex macromol-
ecules consisting of  one or more glycosaminoglycan 
(GAG) chains, which are covalently attached to different 
core proteins. Depending upon the structures of  their 
GAG side-chains, PGs can be categorized as different 
groups such as heparan sulphate PGs (HSPGs), chon-
droitin/dermatan sulphate PGs (CS/DS PGs) and kera-
tan sulphate PGs (KSPGs)[1]. According to their different 
structures of  the core proteins, CS/DS PGs can be fur-
ther categorized as large aggregating PGs (aggrecan, ver-
sican), and small leucine-rich PGs (biglycan and decorin), 
which have been found to be widely expressed in many 
tissues including liver.

CS/DS PGs are major components of  the cell sur-
face and extracellular matrix (ECM)[1,2]. They perform 

a myriad of  functions ranging from structural roles in 
the ECM to control of  growth factor gradients and the 
regulation of  certain cell processes such as cell adhesion, 
growth, receptor binding, migration, and interactions 
with other ECM constituents[3-5]. These, especially the 
latter two functions, are largely mediated through spe-
cific interactions between their charged GAG chains and 
proteins such as growth factors, cytokines, chemokines, 
proteinases and their inhibitors[6,7]. In addition, emerging 
data have revealed that the core proteins of  PGs can also 
form complexes with other proteins, such as integrins 
and regulate their signaling[7]. Because CS/DS PGs are 
at the crossroads of  many signaling events and the abili-
ties to regulate cell behaviors, they are being extensively 
investigated for their potential as therapeutic targets for 
cancers. What has become clear to date is that the func-
tional effects of  CS/DS PGs on cancers can range from 
stimulatory to inhibitory influences[5], depending on the 
core protein and GAG structures[1,8], the types and stages 
of  cancers and the localizations of  the tumors[9].

PGs have been found widespread and abundant in 
liver tissues[10]. Interestingly, in rats, fetal and early neo-
natal liver exhibits a completely different PG expression 
pattern when compared with adult liver tissues, where the 
synthesis of  heparan sulphate (HS) comprises more than 
80% and CS less than 5% of  total GAGs[11]. In contrast, 
CS is the major type of  GAG synthesized in fetal liver, 
representing above 50% of  total sulfated GAG (sGAG). 
Moreover, the overall PG production in fetal liver is en-
hanced two-fold when compared with that in the adult 
liver tissues. Thus, the synthesis of  CS is elevated nearly 
30-fold in fetal liver as compared with the adult counter-
part[12]. Immediately after birth CS formation decreases 
rapidly to the adult levels between the 10th and 15th day 
of  postnatal life[13], whereas the production of  HS is al-
most unchanged during perinatal liver development due 
to a relatively low fractional synthesis of  HS GAG in fetal 
liver[12]. This phenomenon illustrates that CSPG synthesis 
and expression in liver tissues are cell-type dependent, 
and the undifferentiated liver cells trend to produce more 
CSPGs compared with the differentiated hepatocytes in 
the adult liver tissues. 

Interestingly, the expression patterns of  PGs includ-
ing HSPGs and CSPGs are markedly changed under 
pathological conditions[14]. For example, PGs are abnor-
mally expressed in a wide variety of  malignant tumors[9]. 
In liver, hepatocellular carcinoma (HCC) and hepatic 
parenchyma adjacent to tumor contain abnormally higher 
concentrations of  CS GAGs than the corresponding 
healthy tissues, but only with mild alteration in HS ex-
pression, indicating that the increase in CS GAGs is a 
characteristic abnormality in HCC tissues[15-17]. This indi-
cates that the expression of  CSPGs plays a pivotal role in 
the occurrence, progression and metastasis of  HCC, and 
therefore CSPG expression may be a potential marker 
and treatment target for HCC. 

In this study, the expression patterns of  different 
CSPGs including aggrecan, versican, decorin, biglycan in 
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the liver tissue from a rat HCC model established using 
N-diethylnitrosamine (DEN) were investigated using his-
tological and immunochemical staining analyses. 

MATERIALS AND METHODS
All chemicals were obtained from Xi’an Chemical Re-
agent Factory (Xi’an, China) unless otherwise stated and 
were of  analytical grade or better. 

Animal model preparation
The rat HCC model experimentation was approved by 
the Animal Ethics Committee, Medical School of  Xi’an 
Jiaotong University. Use of  animals in this study was in 
accordance with the China National Institute of  Health 
publication 85-23 “Guide for Care and Use of  Labora-
tory Animals” (National Research Council, 1996). Thirty 
male Sprague Dawley rats weighing 248.18 ± 12.32 g (3-4 
mo old) were purchased from the Laboratory Animal 
Center of  Medical School, Xi’an Jiaotong University. Rats 
were acclimated for 7 d before experimentation. Rats 
were randomly divided into two groups: control group (n 
= 10) and HCC model group (n = 20). Rats in the HCC 
model group were intragastrically administrated with 0.2% 
(w/v) DEN (Sigma, United State) in saline (10 ng DEN 
per gram body weight) every 5 d for 16 wk, whereas 0.9% 
(w/v) normal saline was administered to the rats in the 
control group. All the rats had free access to distilled 
water. Electrolyte balance between the two groups was 
maintained through their common dietary food intake.

Sample collection 
The weights of  the rats were measured every week. After 
16 wk from the initiation of  the experiment, all the rats 
were killed under general anesthesia. Hepatic tissues were 
collected and fixed in 4% (w/v) paraformaldehyde in pho­
sphate buffered saline (PBS, 0.16 mol/L NaCl, 0.003 mol/
L KCl, 0.008 mol/L Na2HPO4, 0.001 mol/L KH2PO4, pH 
7.3) immediately. The tissues were embedded in paraffin 
and sectioned at 8 µm thickness. 

Histological staining
Sections were deparaffinized and hydrated and either 
stained with hematoxylin and eosin or Toluidine blue as 
previously described[18]. After dehydration, sections were 
mounted using DPX mounting medium (Thermo Fisher 
Scientific, Loughborough, United Kingdom). Representa-
tive regions were photographed under bright field optics 
using a Leica DMRB light microscope (Leica, Wetzlar, 
Germany) equipped with digital image acquisition.

Immunohistochemical staining 
Immunohistochemical staining was performed using Mouse 
on Mouse™ Vectastain® Elite® ABC Kits (Vector labs, 
Peterborough, United Kingdom) according to the manufac-
turer’s protocols. Briefly, sections were incubated with 0.3% 
(v/v) hydrogen peroxide for 30 min at room temperature 
to quench endogenous peroxidase activity. After blocking 

with mouse immunoglobulin (Ig) blocking reagent for 1 
h at room temperature, sections were incubated with rat 
anti-Versican (Abcam, Cambridge, United Kingdom), 
mouse anti-Aggrecan, mouse anti-Decorin, mouse anti-
Keratocan, mouse anti-Lumican, mouse anti-Biglycan (in 
house) primary antibodies[19] for 60 min, respectively. For 
the negative control, the primary antibody was replaced by 
PBS or 2 µg/mL mouse or rat IgG (DAKO, Ely, United 
Kingdom). Sections were then incubated with biotinylated 
goat anti-mouse or rat IgG for 30 min at room tempera-
ture. After washing, sections were incubated with Mouse 
on Mouse™ ABC reagent for 5 min. Sections were then 
visualized using Vector® NovaRED™ kit (Vector labs, Pe-
terborough, United Kingdom) according to the manufac-
turer’s protocols. Cell nucleuses were counterstained with 
hemotoxylin. After dehydration, sections were mounted 
using DPX mountaining medium. Representative regions 
were then photographed under bright field optics using 
a Leica DMRB bright field microscope (Leica, Wetzlar, 
Germany) equipped with digital image acquisition. 

Semi-quantitative analysis for versican positive rate in 
liver tissues
Positive staining rate for versican in liver tissue sections 
was quantitatively analyzed. Sections of  4 liver tissues 
from 4 individual rats in each experimental group were 
taken for analysis. For each liver tissue specimen, three 
sections were randomly selected, and the positive and 
negative stained cells in these sections were counted using 
Image J software (NIH, United States). The percentage 
of  positive cells was then calculated using the equation 
below: the percentage of  positive cells = (positive stained 
cells)/(positive stained cells + negative stained cells) ��×� 
100%.

Semi-quantitative analysis for the intensity of positive 
staining in tissues
The intensity of  positive staining in tissue sections was 
analyzed by integrated optical density (IOD) using the 
Image-Pro Plus 5.1 software (Media Cybernetics, United 
States) as described previously[20] with minor modifica-
tion. Briefly, four 20 �� �����������������������������   ×������������������������������     TIFF-format images from four 
individual rats in each group were analyzed in a blinded 
manner. All of  the images were taken using the same mi-
croscope and camera sets. Image-pro Plus software was 
used to calculate the average IOD per stained area (µm2) 
(IOD/area) for positive staining.

Statistical analysis 
Data were presented as mean ± SE, with samples derived 
from 4 animals in each group. D’Agostino and Pear omni-
bus normality test was used for normality and equal vari-
ances test. Student t test plus Bonferroni’s post-test was 
carried out using GraphPad Prism 4.0 software (GraphPad 
Software Inc., California, United States). The comparisons 
of  the staining results were performed only between rats 
from the HCC model and the control groups, but not 
between the tumor nodules and its adjacent normal liver 
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tissues of  rats from the same group. Differences were 
considered significant at P < 0.05.

RESULTS
Rat HCC model establishment
After 16 wk administration of  DEN, malignant nodules 
were observed on the surface of  the livers in the HCC 
model group but not in the control group. The average 
number of  macroscopic nodules bigger than 3 mm and 
5 mm on the surface of  a single liver was 33.4 and 4.9, 
respectively, with the biggest nodule being approximately 
1.5 cm × 1.0 cm × 0.8 cm (Table 1). H and E staining was 
used to identify and classify the cancerous nodules patho-
logically according to Edmondson et al[21]. As expected, the 
normal hepatic lobule structure was disrupted and hepa-
toma nodules (long black arrows) were evident in the tis-

sues from the HCC model group (Figure 1A), which were 
separated by fibrosis septa (short black arrows, Figure 1B), 
suggesting fibrosis formation around the tumors. The dif-
ferentiation of  HCC cells was also investigated according 
to method described by Edmondson. All of  the cancer 
cells in the HCC model group were classified as grade Ⅲ, 
and there was no hepatic plate-like structure present in 
the tumor tissues (Figure 1C). In contrast, there was no 
evidence of  macroscopic tumor nodules in the livers from 

3965 August 14, 2012|Volume 18|Issue 30|WJG|www.wjgnet.com

Figure 1  Hematoxylin and eosin staining results for liver tissues from the hepatocellular carcinoma model (A-C) and the control group (D-F). Normal liver 
structure and cell morphology were observed in the control group. However, apparent hepatoma nodules (long black arrows, A) and fibrosis (short black arrow, B) in 
the hepatocellular carcinoma model group were observed when compared with that in the control group.
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Table 1  Number and size of malignant nodules in rat livers

Group n Nodules 
≥ 3 mm

Nodules 
≥ 5 mm

The biggest 
nodule (mm3)

Control group 10 0 0  0
Model group 14 33.4 ± 7.9 4.9 ± 1.9 122.8
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rats in the control group (Figure 1D), where a normal 
morphology was observed for hepatic cells, composing 
a normal liver tissue structure (Figure 1E and F). These 
results indicated the successful establishment of  HCC in 
rats treated with DEN.

Increased sGAG content in HCC tissues
The contents of  sGAG were investigated using Tolu-
idine blue staining, which was evident in liver tissues from 
both control (Figure 2A and C) and HCC model groups  
(Figure 2B and D). Positive staining was found in the 
cytoplasm, cell membrane and/or pericellular matrix  

(Figure 2C and D; the cells identified by long black arrows 
are magnified in the small boxes). Noticeably, Toluidine blue 
staining in hepatoma tissues (white short arrow, Figure 2B) 
was stronger than that in the fibrosis and “relative normal 
liver tissue” (black short arrows, Figure 2B) adjacent to the 
tumor nodules. Semi-quantitative IOD analysis indicated 
that there was more Toluidine blue positive staining in the 
tissues from the HCC model group when compared with 
the tissues from the control group (0.37 ± 0.05 IOD/area 
and 0.21 ± 0.01 IOD/area, P < 0.05, Figure 2E). This 
finding demonstrates elevated sGAG content in HCC 
tissues compared to that in the normal liver tissues. To 
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Figure 2  Toluidine blue staining in rat liver tissue sections. Rats were treated with N-diethylnitrosamine for 16 wk to establish a hepatocellular carcinoma (HCC) 
animal model. Sulphated glycosaminoglycan content in tissues were stained with Toluidine blue. A and C: Control group; B and D: HCC model group. Long black ar-
rows: The cells are magnified in the small boxes. Short white arrow: Hepatoma tissues with intensive Toluidine blue staining; short black arrow: Weaker Toluidine blue 
staining fibrosis and “relative normal” liver tissues adjacent to the hepatoma nodules; E: Comparison of average integrated optical density (IOD) of toluidine blue stain-
ing in liver tissue between control and HCC model group (aP < 0.05). IOD/area: ��������������������������������������������     Integrated optical density������������������    per stained area.
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further identify the specific expression of  sGAG in HCC 
model tissue, immunohistochemical staining for CS/DS, 
HS and keratan sulphate (KS) GAG were performed. 

Increased CS/DS GAG expression in HCC tissues
The expression of  CS/DS GAG chains in normal and 
HCC tissues was investigated using 2B6 (+) monoclonal 
antibody[1,19]. As shown in Figure 3, positive staining for 
4-sulphated CS/DS GAGs was observed on cell mem-
branes and/or pericellular matrix in the normal liver tis-
sues from the control group (Figure 3A and C; the cell 
identified with dotted arrow is magnified in the small 
box). In contrast, 2B6 (+) positive staining was observed 
in the cytoplasm, cell membrane and/or pericellular ma-

trix (Figure 3B and D; the cell pointed with dotted arrow 
is magnified in the small box). The expression of  4-sul-
phated CS/DS GAGs was variable across the HCC tis-
sues, with a stronger staining in the hepatoma nodules (white 
short arrow, Figure 3B) but a relative weaker staining in its 
adjacent tissues such as fibrous septa and relatively normal 
hepatocytes (black short arrow, Figure 3B). Interestingly, 
these variable distribution patterns in 4-sulphated CS/DS 
were also observed inside the hepatoma nodules, i.e., sev-
eral perisinusoidal cells were negatively stained in CS/DS 
expression (Figure 3D, black long arrows), although most 
of  the hepatoma cells were positively stained. Semi-quan-
titative IOD analysis for the intensity of  positive staining 
indicated that there was more 4-sulphated CS/DS expres-
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Figure 3  Chondroitin sulphate/dermatan sulphate glycosaminoglycan immunohistochemical staining in rat liver tissues. Chondroitin sulphate (CS)/dermatan 
sulphate (DS) sulphated glycosaminoglycan (sGAG) content in liver tissues was stained using 2B6 (+) antibody (dark red). A and C: Control group; B and D: Hepato-
cellular carcinoma (HCC) model group. Long black arrows: Perisinusoidal cells negatively stained by 2B6 antibody; dotted arrows: The cells are magnified in the small 
boxes; short white arrow: Hepatoma tissues with intensive CS/DS GAG staining; short black arrow: Weaker CS/DS GAG staining in fibrosis and “relative normal” liver 
tissues adjacent to the hepatoma nodules; E: Comparison of the average integrated optical density (IOD) in CS/DS GAG positive staining in liver tissues between the 
control and HCC model groups (aP < 0.05). IOD/area: ��������������������������������������������     Integrated optical density������������������    per stained area.
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sions in the hepatoma nodules when compared with that 
in the normal tissues from the control group (0.28 ± 0.02 
IOD/area and 0.18 ± 0.02 IOD/area, P < 0.05, Figure 
3E).

Increased HS GAG staining in HCC tissues
We also investigated the expression of  HS GAG chains in 
the tissues from rats in the control and HCC model groups. 
Similar to the CS/DS GAG staining, HS positive staining 
was evenly distributed across the normal liver tissue sec-
tions from the control group (Figure 4A and D) and mainly 
localized on the cell membrane and/or pericellular matrix 
(Figure 4D; the cell identified with a black short arrow is 
shown at a higher magnification in the small box). How-
ever, this “normal tissue” HS distribution pattern was 
altered and became uneven in the tissues obtained from 
rats in the HCC model group. In some hepatoma nod-
ules, intensive HS positive staining was observed in the 
hepatoma cytoplasm, cell membrane, pericellular matrix 
and even in cell nuclei (Figure 4E; the cell identified with 
a black short arrow is shown at a higher magnification in 
the small box). There was no HS positive staining in the 
fibrous tissue septa (black long arrows; Figure 4B and E). 
Semi-quantitative IOD analysis indicated that there was a 
stronger HS staining in these hepatoma nodules than that 
in the normal liver tissues from the control group (0.30 
± 0.03 and 0.17 ± 0.02, P < 0.01, Figure 4G). However 
in some hepatoma nodules, a relative weaker HS positive 
staining was observed on the hepatoma cell membrane 
and/or pericellular matrix (Figure 4C and F; the cell 
identified with a black short arrow is shown at a higher 
magnification in the small box), similar to that observed 
in the normal liver tissues from the control group. In this 
case, there was no significant difference in the average 
density of  HS positive staining between the HCC model 
and the control groups (P = 0.1169).

KS GAG expression was not altered in HCC tissues
KS is another important sGAG side chains attached to 
the core proteins of  several matrix PGs. In contrast to 
the CS and HS GAG staining described above, the posi-
tive staining of  KS GAG chains was weak and there was 
no difference between control and HCC model groups 
(data not shown). 

Collectively, the results described above demonstrate 
that there is a significant elevation in the expression of  
CS/DS and HS but not KS GAG chains in the HCC 
model tissues when compared with the normal liver tis-
sues. Therefore, we further investigated the expression 
patterns of  different PG core proteins with CS GAGs, 
including aggrecan, versican, biglycan and decorin.

Increased aggrecan expression in HCC tissues
Aggrecan is a common CSPG found in many musculosk-
eletal tissues especially in hyaline articular cartilage. Inter-
estingly, aggrecan expression in the liver at the gene level 
has been reported previously[14,22]. In this study, aggrecan 
expression in liver tissues was immunohistochemically in-
vestigated using a monoclonal antibody [anti-IGD (6B4)] 

recognizing the interglobular domain of  aggrecan core 
protein[19,23]. Positive staining for aggrecan was observed 
in both control and HCC model groups (Figure 5A and 
B). However, their distribution patterns were different. In 
the control group where aggrecan positive staining was 
mainly localized on cell membrane and/or pericellular 
matrix (Figure 5C; the cell identified with a black short ar-
row is magnified in the small box). In contrast, there was 
more intensive aggrecan positive staining in hepatoma 
cytoplasm, cell membrane and/or pericellular matrix in 
the tissues from the HCC model group (Figure 5D; the 
cell identified with a black short arrow is magnified in the 
small box). Noticeably, there was no or very weak aggrecan 
positive staining in the fibrous tissue septa between hepa-
toma nodules (black long arrows, Figure 5B and D). Inter-
estingly, the differences in staining intensity and patterns 
for aggrecan described above were also observed between 
the hepatoma tissues and its adjacent “relative normal liver 
tissues” (Figure 5E; the areas inside the black or red boxes 
are magnified on the left column). Semi-quantitative IOD 
analysis indicated that there was more aggrecan positive 
staining in the tissues from the HCC model group when 
compared with that in the control group (0.43 ± 0.01 
IOD/area and 0.35 ± 0.03 IOD/area, P < 0.05, Figure 
5F). These results demonstrated that DEN-induced HCC 
in rat liver increases the aggrecan expression in cells at the 
protein level, suggesting that there may be a correlation 
between HCC and aggrecan expression. 

Increased versican expression in HCC tissues
Versican is another member of  the large aggregating CSP-
Gs family and its expression in rat liver tissues was also 
investigated by immunohistochemical staining. In contrast 
to the aggrecan staining, most of  the hepatocytes were 
negatively stained for versican in the liver tissues from the 
control group (Figure 6A and D). However, a weak versi-
can positive staining was observed on the cell membrane 
and/or pericellular matrix of  some hepatocytes around 
the central vein (Figure 6D; the cell identified with a black 
short arrow is magnified in the small box). In the liver tis-
sues from rats in the HCC model group, versican positive 
staining was observed in some hepatoma cells (Figure 6B 
and E), and mainly localized in the cytoplasm, cell mem-
brane and/or pericellular matrix (Figure 6E; the cell iden-
tified with a black short arrow is magnified in the small 
box). Statistical analysis indicated that versican positive 
staining rate in the HCC model group was much higher 
than that in the control group (33.61% ± 4.90% and 
21.28% ± 1.79%, P < 0.05, Figure 6G), although a large 
number of  cells were still negatively stained. Interestingly, 
the strongest versican positive staining was observed in 
the pericellular matrix of  fibrous tissue septa and portal 
areas (Figure 6C and F), indicating a different versican 
distribution pattern between the control and HCC model 
groups.

Increased biglycan expression in HCC tissues
In normal liver tissues, a moderate positive staining of  
biglycan was evenly distributed on hepatic membrane 
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and/or pericellular matrix in the liver tissues of  rats from 
the control group (Figure 7A). There was limited positive 

staining in hepatocyte cytoplasm and nuclei (Figure 7C; 
the cell identified with a black short arrow is magnified in 
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Figure 4  Heparan sulphate glycosaminoglycan staining in rat liver tissues. Heparan sulphate (HS) glycosaminoglycan (GAG) content in tissue was stained us-
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the small box). In contrast, strong biglycan staining was 
observed in almost all hepatoma cells in tumor nodules 
from the HCC model group (Figure 7B). The staining 
was not only on the cell membrane and/or pericellular 
matrix but also in the cytoplasm (Figure 7D; the cell 
identified with a white short arrow is magnified in the 
small box). Interestingly, the differences in staining inten-
sity and patterns for biglycan were also observed between 
hepatoma cells and its adjacent “relatively normal hepato-
cytes” (Figure 7E; the areas inside the black or red boxes 
are magnified on the left column). Semi-quantitative IOD 
analysis showed that there was significantly more biglycan 
expression in HCC tissues when compared with that in 
the normal liver tissues (0.32 ± 0.01 and 0.25 ± 0.01, P < 
0.001, Figure 7F). There was no intensive biglycan stain-
ing in the portal areas and fibrous tissue septa between 
hepatoma nodules (white long arrow, Figure 7D). 

Increased decorin expression in HCC tissues
Similarly to biglycan, decorin positive staining was evenly 
distributed on hepatic cell membrane and/or pericellu-
lar matrix across the whole liver tissue sections from the 
control group (Figure 8A and C; the cell identified with 
a black short arrow is magnified in the small box). In the 
HCC model tissues, intensive decorin positive staining 
was observed in almost all hepatoma cells (Figure 8B), 
mainly localized in the cytoplasm, cell membrane and/or 
pericellular matrix (Figure 8D; the cell identified with a 
black short arrow is magnified in the small box). This 
difference described above was also observed between 
hepatoma cells and its adjacent “relatively normal he-
patocytes” (Figure 8E; the areas inside the black or red 
boxes are magnified on the left column). Semi-quantitative 
IOD analysis indicated that there was significantly more 
decorin expression in hepatoma nodules when compared 
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Figure 5  Immunochemical staining for aggrecan in rat liver tissues. Aggrecan positive staining was dark red. A and C: Control group; B, D and E: Hepatocellular 
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with that in the normal liver tissues (0.29 ± 0.01 and 0.26 
± 0.01, P < 0.05, Figure 8F). Interestingly, there was no 

decorin positive staining in the portal areas and fibrous 
tissue septa between the tumor nodules (Figure 8B and D). 
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There was no positive staining for keratocan or lumican 
in rat liver tissues
The expression of  keratocan and lumican was also inves-
tigated. Consistent with the KS negative staining results, 
there was no or very weak keratocan or lumican staining 
in these liver tissues, either from the control or HCC 
model group (data not shown).

DISCUSSION
The abnormally high expression of  CS GAGs in HCC 
tissues has been known for a long time[16,17] although little 
is known about the biological mechanisms underlying 
their increased presence. Interestingly, an accumulation 
of  CS GAG expression has also been observed in other 
physiological and pathological processes involved in liver 
development and metabolism. For example, in neonatal 

liver where premature hepatocytes (hepatic stem cells) 
still remain as an undifferentiated phenotype, much high-
er CS GAGs were observed when compared with that in 
the postnatal liver tissues[13]. Similarly, there is a transient 
accumulation of  CS GAGs during liver regeneration 
after partial hepatectomy[13] and active fibrosis[24]. All of  
these examples demonstrate that CSPGs are involved in 
embryogenesis, regeneration and carcinogenesis of  liver. 
One of  the crucial events occurring within these biologi-
cal processes is the epithelial mesenchymal transition 
(EMT), a complex molecular and cellular transforma-
tion of  cell phenotype from differentiated characteristics 
(mature epithelial cells) to undifferentiated mesenchymal 
(stem/progenitor cells) features. During this process, cells 
acquire motility, enhanced migratory capacity/invasive-
ness[25], and become more stem cell-like[26]. Interestingly, 
increased production of  ECM components such as CS 
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Figure 7  Immunochemical staining for biglycan in rat liver tissues. Biglycan positive staining was dark red. A and C: Control group; B, D and E: Hepatocellular 
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GAGs has been observed during this process[8,27], demon-
strating that de novo CSPG expression may play a pivotal 
role during the cell phenotype transformation, notably 
initiating the development of  HCC. However, it is still 
unclear what the precise CSPG expression patterns are in 
the hepatoma cells and their relationship with HCC de-
velopment.

In this study, the Toluidine blue staining results indi-
cated that there was more sGAG content in HCC tissues 
than that in the normal liver tissues from the control 
group, which is consistent with previous studies[16,17]. Our 
further immunostaining with CS/DS, HS and KS anti-
bodies demonstrated that there was a significant increase 
in CS/DS and HS but not KS GAG expression in HCC 
tissues. The weak expression of  KS GAG in both nor-
mal liver and HCC tissues is consistent with the very low 
staining patterns for keratocan and lumican, two major 

KSPGs expressed in the other tissues. A recent study per-
formed on human HCC tissues[28], indicated that KSPGs 
were not involved in HCC development. Therefore, the 
increased sGAG content in HCC tissues must be induced 
by the enhanced production and accumulation of  CS/DS 
and/or HSPGs, which is confirmed by our CS/DS and 
HS GAG staining. Previous studies have reported the 
expression of  several HSPGs including glypican-3[29], syn-
decan-4[30] and perlecan[31] are increased in HCC tissues, 
which coincides with our HS staining results. However, 
little is known for the expression patterns of  specific 
CSPGs in HCC, therefore our following investigation 
was mainly focused on CSPG expression.

Aggrecan gene expression has been previously re-
ported in liver tissues[14,22]. Our results demonstrate, for 
the first time at a protein level, the positive expression of  
aggrecan in liver tissues, which was mainly localized on 
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Figure 8  Immunochemical staining for decorin in rat liver tissues. Decorin positive staining was dark red. A and C: Control group; B, D and E: Hepatocellular 
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the cell membrane and/or pericellular matrix in normal 
hepatocytes. However, in the HCC model group there 
was much stronger aggrecan staining in the cytoplasm, 
the cell membranes and/or pericellular matrix in HCC 
hepatoma cells, indicating an elevated aggrecan produc-
tion and accumulation in HCC tissues. The function of  
this increased aggrecan presence is not clear but a previ-
ous study has suggested that the expression of  aggrecan 
in tumors may be a result of  EMT[27]. Moreover, aggre-
can production is mediated by different growth factors 
such as transforming growth factor β in hepatocytes[22,32], 
which has been identified as a promoter for both HCC-
related fibrosis and angiogenesis[32,33]. Interestingly, there 
was very low aggrecan expression in the fibrous tissue 
septa between hepatoma nodules, consistent with previ-
ous studies showing that the formation of  fibrous septa 
arises from myofibroblasts[34], which have a low expres-
sion of  CS/DS PGs[35].

In contrast to the increased aggrecan expression, versi-
can content in hepatoma cells was variable with the most 
intensive staining mainly localized in the ECM of  fibrous 
septa between hepatoma nodules. This finding is novel as 
little is known about versican expression in HCC tissues. 
Interestingly, versican expression was observed around 
the central veins and portal areas, illustrating there may 
be a close relationship between versican and HCC metas-
tases. This is consistent with previous studies, where an 
elevated expression of  versican was observed in the ECM 
of  other tumor tissues including breast[36] and prostate[37], 
and correlated with metastases[38]. The mechanism as to 
how versican promotes metastases is not clear. However, 
the deposition of  versican in the tumor stroma, particu-
larly in the hyaluronic acid rich region, will lead to the 
structural aggregation of  tumor matrix and modulation 
of  cellular attachment and motility, therefore supporting 
cancer cell growth, proliferation, migration and differ-
entiation, all processes vital for tumor development and 
metastases[5,36].

Both biglycan and decorin are the members of  the 
small leucine-rich proteoglycan family. They are usually 
associated with growth factor binding[4] and collagen 
fibrillogenesis[39,40]. Therefore, it is not surprising that an 
elevated biglycan and decorin expression was observed 
during liver fibrosis[10,41,42]. However, our results showed 
that the major positive staining of  decorin and biglycan 
was localized in the hepatoma cells instead of  fibrosis 
septa between hepatoma nodules, suggesting that the 
expression of  biglycan and decorin may play different 
roles in HCC occurrence and liver fibrosis. The associa-
tion between biglycan and HCC has not been previously 
reported; however, elevated expression of  biglycan may 
correlate with the aggressiveness and poor prognosis of  
the other cancers[43]. Varied evidence for the changes in 
decorin expression in HCC tissues has been previously 
reported. Kovalszky et al[17] and Lai et al[44] have found 
that decorin expression was elevated in HCC tissues. In 
contrast, Miyasaka et al[45] showed that there was a de-
cline in decorin gene expression in HCC. The difference 
may arise from the different stages of  HCC, as previ-

ous studies have showed that decorin can be either pro-
angiogenic or anti-angiogenic in tumors[46]. The precise 
contributions of  biglycan and decorin metabolism during 
HCC occurrence and metastases have not yet been eluci-
dated. However, the ability of  these proteins to interact 
with the other matrix components and induce ECM 
remodeling[47] as well as increasing cell proliferation and 
migration[48] highlights them as an important PG subsets 
involved in tumor formation and metastases. Alterna-
tively, the increased biglycan and decorin expression may 
also be a consequence of  EMT of  hepatoma cells, be-
cause a recent study reported higher biglycan and decorin 
expression levels during a Ras-induced EMT in MDCK 
cells[49]. Clearly, further studies for the roles of  biglycan 
and decorin in hepatocarcinogenesis are warranted.

Much less is known about the precise role that CSP-
Gs play in the HCC induction and metastases. CSPGs are 
ubiquitous components of  ECM and cell surface, there-
fore can predominantly interact with a wide variety of  
key molecules, such as growth factors, cytokines, chemo-
kines, adhesion molecules, and lipoproteins. These inter-
actions regulate biological processes including signaling, 
cell differentiation, cell-cell or cell-matrix interactions and 
morphogenesis[50]. In this study, using histological stain-
ing, we found a significant increase in the sGAG content 
in DEN-induced HCC tissues when compared with the 
normal rat liver tissues from the control group and this 
increased sGAG content in tumor tissue was mainly in-
duced by elevated expression in CS/DS and HS but not 
KS GAGs. We further demonstrated that the expression 
of  several CSPGs including aggrecan, versican, biglycan 
and decorin was elevated in HCC tissues. To our knowl-
edge, this is the first systematical study demonstrating the 
elevated CSPGs expression in HCC tissues. The experi-
mental data shown here expands our knowledge of  the 
relationships between CS/DS PGs and HCC, and other 
liver diseases.

COMMENTS
Background
Proteoglycans (PGs) are macromolecules consisting of one or several polysac-
charide chains of the glycosaminoglycan (GAG), which covalently attached to 
a variety of core proteins. They are widely expressed in cells and extracellular 
matrix in various tissues including liver. According to the difference in GAG side 
chains, PGs can be categorized as chondroitin sulphate PG (CSPG) and hepa-
ran sulphate PG, etc. PGs have been found to play a critical role in different 
malignant tumor progression. However, the effect of PGs on cancer is variable, 
which can range from stimulatory to inhibitory, depending on their core proteins 
and GAG types, the sources and stages of cancers and the tumor localizations. 
Research frontiers
Previous studies have shown that the expression of CS GAG was increased 
in hepatocellular carcinoma (HCC) tissues, and inhibition of CS GAG expres-
sion in HCC cell line partially abrogates cell ability of migration in vitro. This 
illustrated that CSPGs may play a pivotal role in the occurrence, progression 
and metastasis of HCC and thereby they may be used as potential markers and 
treatment target for HCC. The hotspot in this area is their temporal and spatial 
expression and the mechanism how they are involved in the onset, develop-
ment and metastasis of HCC.
Innovations and breakthroughs
The authors investigated the expression pattern of different CSPGs including 
aggrecan, versican, decorin, biglycan in the liver tissues from a rat HCC model 
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established using N-diethylnitrosamine (DEN). This is the first systematical 
study demonstrating the elevated CSPGs expression in HCC tissues. 
Applications
The study results suggest that the CSPGs could be potential therapeutic targets 
and clinical biomarkers for HCC in humans in the future.
Terminology
PG is a kind of macromolecule units consists of a “core protein” with one or 
more covalently attached GAG chain(s); GAGs are long unbranched polysac-
charides consisting of a repeating disaccharide unit; Chondroitin sulfate is a 
sulfated GAG composed of a chain of alternating sugars (N-acetylgalactosamine 
and glucuronic acid).
Peer review
This is a good descriptive study in which authors investigate the expression of 
PGs in rats with DEN-induced HCC. The results are interesting and suggest 
that CSPGs are potential therapeutic targets and clinical biomarkers for HCC.
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