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The significance of serum levels of glycosaminoglycans (GAGs) and insulin like growth factor-1 (IGF-1)
in early screening of hepatocellular carcinoma in cirrhotic patients was evaluated. The effect of diabetes
on GAGs and IGF-1 levels was also estimated. Fifty cirrhotic patients with early stage Hepatocellular
carcinoma (HCC) (22 were diabetic), thirty control cirrhotic patients without HCC (11 were diabetic) and
twenty normal control subjects, were enrolled to the study. Serum a-fetoprotein (AFP), the commonly
used marker for HCC, was measured in all HCC patients. Serum GAGSs increased significantly, while
IGF-1 was reduced in patients with cirrhosis and early stage HCC compared to normal control (P <
0.001). There was a significant reduction in GAGs and IGF-1 levels in control cirrhotic group compared
to HCC group (P < 0.05). HCC patients who had normal AFP showed significantly increased GAGs and
reduced IGF-1 levels compared to normal control. In comparison with corresponding non-diabetic
patients, diabetic patients showed a significant increase in serum GAGs in both cirrhotic control and
HCC (P < 0.01), while a significant decrease was observed in serum IGF-1 only in HCC (P < 0.05).
Concomitant determination and monitoring of serum GAGs and IGF-1 could be used as a simple, low
cost and non-invasive marker for HCC in cirrhotic patients.

Key words: Hepatocelluar carcinoma, liver cirrhosis, alpha fetoprotein, glycosaminoglycans, insulin like growth
factor-1.

INTRODUCTION

Hepatocellular carcinoma (HCC) is currently the fifth most
common cancer worldwide and is the third leading cause
of cancer-related mortality (Thomas et al.,, 2010). Liver
transplantation has been reported as a promising
treatment for patients with small tumors, while it lacks
effectiveness when patients with HCC become symptom
atic (Kakodkar and Soin, 2012; Yuen et al., 2001). There-
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fore, early diagnosis is a critical point in management of
patients with HCC.

Cirrhosis is the most important risk factor in the
development of HCC (Fattovich et al., 2004); therefore, it
is recommended that patients with cirrhosis undergo
surveillance. Current guidelines recommended abdominal
ultrasound (US) as the main surveillance test in patients
with cirrhosis (Bruix and Sherman, 2005) however, the
level of recommendation was low. AFP is the most
utilized surveillance biomarker for HCC worldwide.

Recent systematic reviews of the literature show that
the quality of evidence supporting the use of AFP as a



diagnostic and screening test for hepatitis C virus (HCV)-
related HCC is limited (Colli et al., 2006). Another
systematic review indicated that studies evaluating AFP
as surveillance test suffered from variable study design,
patient characteristics, sample size and verification bias
(Gupta et al., 2003). Although, elevated serum AFP value
in HCC patients was a common finding; however still,
others had low or normal values (Tangkijvanich et al.,
2000). In addition, both false positive and false negative
results are obtained when AFP is used as a simple serum
marker for HCC; therefore, better studies are needed to
determine AFP’s performance, particularly in early
stages.

GAGs are unbranched heteropolysaccharides which,
with the exception of hyaluronic acid, are covalently
attached to a core protein, forming what is known
'proteoglycans’. There are at least seven GAGs:
hyaluronic acid, chondroitin sulfate, keratan sulfates | and
II, heparin, heparan sulfate and dermatan sulfate
(Hardingham and Fosang, 1992). GAGs are produced by
fibroblasts, and are quickly cleared almost exclusively in
the liver by a very efficient and specific receptor
mechanism in SEC (Testa et al., 2006; Parés et al., 1996;
Naniji et al., 1996). Since GAGs are important component
of extracellular cell matrix, therefore SEC dysfunction
may result in increased deposition of extracellular matrix,
which leads to liver fibrosis and cirrhosis (Parés et al.,
1996).

IGF-1 is an active somatomedin that is produced
mainly by the liver. It is a basic polypeptide chain with
three disulfide bridges and approximately 50% amino
acids homology to insulin (Rinderknecht and Humbel,
1976). IGF-1 is the mediator of the anabolic and
mitogenic activity of GH and possesses several roles in
initiating puberty, cell proliferation and differentiation, and
stimulating erythropoiesis (Froesch et al., 1996). Acute
effects of IGF-1 are the same as those elicited by insulin
(Froesch et al.,, 1996). Abnormalities in growth factors
secretion are possibly involved in the promotion and/or
progression of tumor growth. IGF-1 has been shown to
be a mitogen for cancer cell lines by acting as an
autocrine factor. Deregulation of IGF system has been
implicated in the pathogenesis of several malignancies. In
many epidemiologic studies, high serum IGF-1 levels
have been associated with an elevated risk of prostate
carcinoma (Mucci et al., 2010), breast carcinoma
(Baglietto et al., 2007) and colorectal carcinoma (Ma et
al., 2001). Although experimental studies have
demonstrated an important role of IGF-1 in
hepatocarcinogenesis, the clinical data regarding IGF-1 in
patients with HCC are scarce and controversial.

Diabetes is associated with a 2 to 3-fold increase in the
risk of HCC, regardless of the presence of other major
HCC risk factors (Davila et al., 2005). Diabetic patients
are at risk for HCC, probably as a result of the hepatic
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injury, fibrosis and eventual cirrhosis resulting from fatty
liver disease associated with diabetes (Yu and Yuan,
2004). Moreover, type 2 diabetes is characterized by
insulin resistance and compensatory hyperinsulinemia
that is associated with an elevated proportion of
proinsulin and split products of proinsulin molecules with
some homology to IGF-1 (Davies et al., 1993). Insulin or
its precursors have been shown to interact with liver cells
by IGF receptor | or hybrid receptors to stimulate
mitogensis and carcinogensis (Kahn and White, 1995).

The objectives of this study were to investigate: (1)
whether serum GAGs and IGF-1 measurements are
significant diagnostic markers for early stage HCC in
cirrhotic patients particularly those with normal AFP levels
and (2) whether diabetes affects the levels of these two
markers in cirrhotic HCC patients.

MATERIALS AND METHODS
Patients

Fifty newly diagnosed cirrhotic patients with HCC from Oncology
Center, Mansoura University, Egypt were enrolled into this study.
Among these, 22 patients were diabetic. Since HCC patients in this
study were also cirrhotic, a control group of thirty cirrhotic subjects
without HCC (11 diabetic and 19 non-diabetics) was selected from
the out- and in-patient clinics of the Specialized Internal Medicine
Hospital, Mansoura University, Egypt and used to nullify the effect
of cirrhosis on GAGs and IGF-1 level. The normal control group
comprised twenty apparently healthy subjects. Informed consent
was obtained from each patient included in the study. The study
protocol conforms to the ethical guidelines of the 1975 Declaration
of Helsinki as reflected in a prior approval by the Hospital Ethics
Committee.

HCC was defined by histological examination or by the
appropriate imaging characteristics as defined by accepted
guidelines (Bruix et al., 2001). Staging was determined by the
Barcelona Clinic Liver Cancer staging system (Bruix and Sherman,
2005). Early stage HCC was defined by a single lesion between 2
to 5 cm or < 3 lesions each < 3 cm, without portal vein thrombosis
or extrahepatic metastasis. Patients who had prior treatment of their
tumor or history of other solid tumors were excluded. The presence
of cirrhosis was defined histologically or non-histologically by
evidence of portal hypertension in the presence of chronic liver
disease. Evidence of portal hypertension included: (1) a cirrhotic-
appearing liver on ultrasound or computed tomography
examinations with splenomegaly and no vascular thrombosis, (2)
thrombocytopenia with a platelet count < 120 mm™, and/or (3)
presence of esophagogastric varices on endoscopic examination.
All investigations necessary for diagnosis were carried out in the
Oncology Center and Specialized Internal Medicine Hospital,
Mansoura University, Egypt.

Blood sample collection and processing

Blood samples were collected from patients and control subjects
and then divided into two portions: One portion was collected into
sodium citrate (in a ratio of 0.9 ml of blood to 0.1 ml of 3.8% sodium
citrate solution), and used for determination of prothrombin time and
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concentration within 3 h. The second portion was allowed to co-
agulate and centrifuged to obtain sera for immediate determination
of routine liver function tests and glucose levels. The rest of serum
was divided into aliquots and kept deeply frozen at -20°C for
investigations of AFP, GAGs and IGF-1.

Assessment of liver function

Serum levels of ALT, AST, albumin (A), total protein and total
bilirubin were estimated using commercially available kits obtained
from Randox Company. Serum globulin (G) is the difference
between total protein and albumin; consequently A/G ratio is
determined. Prothrombin time and subsequent prothrombin
concentration were determined on citrated blood using DiaPlastin
reagent purchased from DiaMed Company.

Measurement of fasting blood glucose

Fasting blood glucose was estimated according to glucose
oxidation method using kits from Randox Company.

Determination of serum AFP

AFP was determined according to the method of Cattini et al.
(1993) using DSL-10-8400 ACTIVE AFP ELISA assay kits (an
enzymatically amplified "two-step" sandwich-type immunoassay).
The assay was performed according to the manufacturers’
instructions.

Determination of serum total GAGs
Isolation of total GAGs from serum samples

All serum samples were analyzed for GAGs after their precipitation
from serum according to Ohkawa et al. (1977). Briefly, 1 ml of each
sample was dehydrated by adding 10 ml chilled acetone. The
mixture was stirred for 30 min at room temperature and centrifuged
at 1,500 rpm for 15 min at 4°C. The dehydrated sample was
delipidated by washing twice with 10 ml of ether and the precipitate
was air-dried. The defatted dry powder was re-suspended in 1 ml of
0.5 M chilled NaOH and stirred at 4°C overnight. Then, it was
neutralised with 1 M HCI to pH 6 to 8, and then an equal volume of
0.1 M Tris-HCI buffer was added and the sample was heated for 30
min in a boiling bath. The sample solution was digested with
pronase E in two doses of 1 mg at 24 h intervals, at 50°C. After
being acidified with 1 M HCI to pH 5 to 6, GAGs were precipitated
by adding 2 ml cetylpyridinium chloride (final concentration 2.5 g/L)
and kept at 4°C overnight. The precipitate was collected by
centrifugation at 4,000 rpm for 30 min at 4°C and then washed
twice with 5 ml of 98% ethanol. The final precipitate was dissolved
in 1 ml of 0.05 Tris-HCI buffer.

Determination of total GAGs by carbazole assay

The GAGs uronic acid was quantified using the carbazole-borate
reagent according to photometric method of Bitter and Muir (1962).
Briefly, 0.5 ml of the isolated GAG sample was added to 3 ml of
reagent A (25 mM NazB4O in concentrated H.SO4) and heated at
100°C for 10 min. After the reaction was cooled in ice, 100 pl of

reagent B (carbazole 1.25 g in 1 L 100% ethanol) was added to the
reaction which was heated at 100°C for another 15 min. The
absorbance was read by spectrometry at 525 nm and compared
with that of reference solutions of glucuronic acid. Serum GAGs
were expressed as g uronic acid per ml of serum (Bitter and Muir,
1962). All chemicals were purchased from Sigma-Aldrich (S. Louis,
USA).

Determination of serum IGF-1

IGF-1 was determined by DSL-10-2800 ACTIVE Non-Extraction
ELISA assay according to the method of Hall and Sara (1983). The
DSL-10-2800 ACTIVE Non-Extraction IGF-1 ELISA is an
enzymatically amplified "two-step" sandwich-type immunoassay.
The procedure was preceded according to the manufacturers’
instructions provided with the Kits.

Statistical analysis

Statistical analysis was performed by GraphPad Prism (GraphPad
Software San. Diego, CA, USA). Data were presented as means *
standard error of mean (SEM) and analyzed with one way Analysis
of variance (ANOVA), followed by Bonferroni testing. Correlation
coefficient [r] was used to measure the mutual correspondence of
two quantitative variables in the same studied group. P < 0.05 was
considered statistically significant.

RESULTS
Liver function

Liver function of HCC and cirrhotic groups compared to
control subjects are shown in Table 1.

Serum AFP

Serum concentrations of AFP in HCC group and control
subjects are shown in Table 2. Serum AFP was not
increased in all HCC patients and showed variations
among patients. According to the serum concentration of
AFP, the patients with HCC in this study were sub-
classified into three subgroups: (1) HCC patients with a
normal concentration of serum AFP (<15 ng/ml),
including22 patients, (2) patients with a questionable
positive (below the cut off ) levels of serum AFP (15 to
400 ng/ml), including 18 patients and (3) those with
serum AFP concentration above the cut off value (> 400
ng/ml), including 10 patients. Patients in the second and
third subgroups showed a significant increase in serum
concentration of AFP (P < 0.001) compared to the control
subjects.

Serum GAGs

Patients in both HCC and cirrhotic groups showed a sig-
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Table 1. Liver function in normal control group (n = 20), cirrhotic control (n = 30) and early stage

HCC group (n = 50) (mean + SEM).

Liver Function

Normal control

Cirrhotic control Early stage HCC

ALT (U/L) 16.8+1.9
AST (U/L) 12.7+1.4
Total bilirubin (mg/dl) 0.53+0.04
Prothrombin time (s) 12.0+0.21
Prothrombin concentration (%) 96.2+7.6
Serum albumin (gm/dl) 4.717+0.16
Serum total protein (gm/dl) 7.152+0.123
Serum globulin (G) (gm/dl) 2.45+0.16
A/G ratio 1.9320.15

61.7%**+5.9
81 .Oa***b***iﬁj

59.1%**+6.47
64.0%**+5.94

1.2%4+0.095 1.7%+0.28
20.57%**+1.2 19.96%**+1.3
35.21%**+3 9 37.2%**4+3 2
3.05%*+0.101 2.96™**+0.071

7.27+0.191 7.58+0.179

3.91%+0.22 4.2%*+0.201

0.84****+0.042 0.79***+0.034

a: significantly different from control, b: significantly different from cirrhotic patients, *P < 0.05; **P < 0.01;

***P < 0.001.

Table 2. Serum levels of a-fetoprotein (AFP) in early stage HCC patients compared to normal control group

(mean + SEM).

Group

Serum AFP (ng/ml)

Normal control (n=20)

HCC patients with normal levels of AFP (<15 ng/ml) (n
HCC patients with questionable positive levels of AFP
HCC patients with serum AFP levels above the cut off

5.990+0.384
=22) 7.47+1.6
(15-400 ng/ml) (n=18). 125.839%***+24.46

value (>400 ng/ml) (n=10) 4547.8%**+789.6

a: significantly different from control, ***P < 0.001.
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Figure 1. Serum glycosaminoglycans (GAGs) concentration in
normal control, cirrhotic control and early stage HCC patients(mean
+ SEM). a: significantly different from control, ***P < 0.001; b:
significantly different from cirrhotic patients, *P < 0.05.

nificant increase (P < 0.001) in serum GAGs
concentration as compared to control subjects (19.8 *
1.05 and 24.6 + 1.93 ug uronic acid/ml versus 10.06 + 0.6
pug uronic acid/ml, respectively), with a significant
increase (P < 0.05) in cirrhosis group as compared to
HCC group (Figure 1). Figure 2 showed serum GAGs in
HCC patients with variable levels of AFP. All HCC patients
including those who had normal AFP (< 15 ng/ml)
showed significantly increased GAGs compared to
normal control subjects. To evaluate the effect of diabetes
existence on serum levels of GAGs in cirrhosis and early stage
HCC, patients were further sub-classified into diabetic
and non diabetic patients, and the GAGs levels in
diabetic patients were compared to the levels in
corresponding non diabetic patients (Figure 3). Diabetic
cirrhotic (n = 11) and HCC (n = 22) patients exhibited a
significant increase (P < 0.01) in serum GAGs in
comparison with corresponding non diabetic patients(36.8
* 4.07 versus 22.03 £ 2.3 ug uronic acid/ml in cirrhosis
and 29.36 * 2.62 versus 18.2 + 0.95 ug uronic acid/ml in
HCC).

There was a significant positive correlation (r = 0.471, P
< 0.001) between serum GAGs and serum glucose levels
in HCC patients (Figure 4). Also, there was a significant
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Figure 2. Serum glycosaminoglycans (GAGs) level in early stage HCC patients with AFP < 15
ng/ml, those with AFP (15 to 399 ng/ml) and those with AFP > 400 ng/ml (mean + SEM). a:

significantly different from control, ***P < 0.001.
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Figure 3. Serum glycosaminoglycans (GAGs) concentration in
diabetic and non diabetic patients of cirrhotic control and early
stage HCC groups (mean + SEM). c: significantly different from non
diabetic control cirrhotic patients, **P < 0.01; d: significantly
different from non diabetic HCC patients, **P < 0. 01.

positive correlation (r =0.48, P< 0.01) between serum GAGs
and serum glucose in cirrhotic patients (Figure 5).

Serum IGF-1

In contrast to GAGs, serum IGF-1 concentration showed
a significant decrease (P < 0.001) in patients with
cirrhosis and HCC as compared to control group (35.73 +
5.6 and 21.87 £ 2.78 ng/ml versus 76.39 £ 12.2 ng/ml,
respectively), with a significant reduction (P < 0.05) in
HCC patients as compared to cirrhotic group (Figure 6).
Figure 7 showed serum IGF-1 in HCC patients with
variable levels of AFP. All HCC patients including those
who had normal AFP (< 15 ng/ml) or below cut off values
(15 to 400 ng/ml) showed a significantly decreased IGF-1
as compared to normal control subjects. To estimate the
effect of diabetes existence on serum levels of IGF-1 in
cirrhosis and early stage HCC, patients were further sub-
classified into diabetic and non diabetic patients, and the
IGF-1 levels in diabetic patients were compared to the
levels in corresponding non diabetic patients. Diabetic
patients with HCC (n = 22) exhibited a significant
decrease in serum concentration of IGF-1 in comparison
with non diabetic patients (11.98 * 4.42 versus 26.05 *
1.85 ng/ml, P < 0.05), while insignificant difference was
observed between diabetic and non diabetic cirrhotic patients
(36.56 £ 8.62 versus 35.37 + 6 ng/ml (Figure 8).
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Figure 4. Significant positive correlation between levels of serum glucose (mg/dl) and
serum glycosaminoglycans (GAGs) (ug uronic acid/ml) in cirrhotic control patients (r =

0.48, P<0.01).
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Figure 5: Significant positive correlation between levels of serum glucose (mg/dl) and
serum GAGs (ug uronic acid/ml) in early stage HCC patients (r = 0.471, P < 0.001).

There was a significant negative correlation between
serum levels of IGF-1 and GAGs (r = -0.311, P< 0.05) in
HCC patients (Figure 9). On the other hand, serum IGF-1
showed a significant positive correlation with serum
albumin level in cirrhotic group (r = 0.49, P < 0.01)
(Figure 10) and in HCC patients (r = 0.45, P < 0.001)
(Figure 11).

DISCUSSION

HCC is one of the most malignant tumors affecting
humans, with increasing incidence worldwide (Thomas et
al., 2010). The precocious diagnosis is a critical point in
management of patients with HCC, since early detection

of the cancer increases the chance of treatment (Yuen et
al., 2001). In spite of great use of AFP and its importance
as a tumor marker for HCC, there are some limitations of
its usefulness as being not sensitive as a screening mark
in general population (Colli et al., 2006; Tangkijvanich et
al., 2000). Elevated serum AFP value in HCC patients
was a common finding; however still, others had low or
normal values (Tangkijvanich et al., 2000), particularly in
early stage. These findings coincide with our results
where not all pathologically proven early stage HCC
cases in this study have elevated level of AFP. There
was a wide variation in their AFP levels, in which 22
(44%) of patients had normal AFP (< 15 ng/ml), 18 (36%)
had moderately elevated levels (15 to 400 ng/ml) and
only 10 patients (20%) were with markedly elevated AFP
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Figure 6. Serum levels of insulin-like growth factor (IGF-1) in normal
control, cirrhotic control and early stage HCC patients (mean + SEM). a:
significantly different from control, ***P < 0.001; b: significantly different
from cirrhotic patients, *P < 0.05.
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Figure 7. Serum insulin like growth factor-1 (IGF-1) level in early stage HCC patients with AFP < 15
ng/ml, those with AFP (15 to 399 ng/ml) and those with AFP > 400 ng/ml (mean * SE). a:
significantly different from control, ***P < 0.001.
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Figure 8. Serum insulin like growth factor-1 (IGF-1) levels in
diabetic and non diabetic patients of cirrhotic control and early
stage HCC groups (mean + SEM). d: significantly different from
non diabetic HCC patients, *P < 0. 05.
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Figure 9. Significant negative correlation between serum levels of IGF-1 and GAGs in early
stage HCC patients (r = -0.34,P < 0.05).

(> 400 ng/ml). In addition, both false- positive and false there is a real need for exploration of other marker for
negative results are obtained when AFP is used as a early diagnosis of HCC. The present study aimed to
serum marker for HCC (Giannelli and Antonaci, 2006), so estimate whether serum levels of GAGs or IGF-1 could be
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Figure 10. Significant positive correlation between serum IGF-1 and serum albumin
concentrations in control cirrhotic patients (r = 0.49, P < 0.01).
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Figure 11. Significant positive correlation between serum IGF-1 and serum albumin
concentrations in early stage HCC patients (r = 0.45, P < 0.001).

helpful as markers for early diagnosis of HCC.

In the current study, serum GAGs level was increased
significantly in both cirrhotic control and HCC groups
compared to normal control. Serum GAGs levels
increase when production is markedly enhanced. This
may be due to synovial inflammation, as seen in some
rheumatological conditions, or more importantly, when
liver function (SEC receptor removal mechanism) is
impaired (Parés et al., 1996). The high levels of
hyaluronic acid, a glycosaminoglycan of the liver

extracellular matrix, which is synthesized and degraded
in the liver sinusoidal cells, have been related with a
decreased function of the endothelial sinusoidal
cells(Testa et al., 2006; Parés et al., 1996). Recently,
high production of GAGs in liver disease was documented
(Jia et al., 2012; Lv et al., 2007). The finding of Jia et al.
(2012) demonstrated elevated GAGs content in HCC
tissues compared to that in the normal liver tissues. Such
increase was found to be due to increased expression of
chondroitin sulfate and dermatan sulfate. A progressive



increase in the content of chondroitin sulfate, low
molecular size GAGs, and non-sulfated and di-sulfated
chondroitin sulfate disaccharide units, together with a
gradual decrease in heparan sulfate and significant
increase in hyaluronic acid have also been found in
human primary hepatic carcinoma (Lv et al., 2007).

The elevation of GAGs level may be due to the
stimulation of fibroblast by fibroblast-derived growth
factor and vascular endothelial growth factor; both are
increased in cirrhotic and HCC patients (Chow et al.,
1997; Li et al., 2003). The level of GAGs expression is
regulated by a number of cytokines, among those that
play significant roles are; TGF beta, TNF alpha and TGF
alpha (Gressner et al., 1994). Liver cirrhosis resulted in a
significant increase of plasma concentration of TNF alpha
and TGF-beta (Flisiak et al., 2000). Fat-storing cells
(perisinusoidal lipocytes, Ito cells) are the major
connective tissue-producing cell type in liver (Gressner,
1991a). Transformed fat storing cells that s,
myofibroblast-like cells are the major source of
proteoglycans in injured liver (Gressner, 1991b). In areas
of necro-inflammation, the cells proliferate and transform
into desmin and smooth muscle alpha-actin-positive
myofibroblast-like cells which synthesize a broad
spectrum of significant amounts of proteoglycans,
collagen and matrix glycoproteins (Gressner, 1991a). It is
concluded that modified lto (fat storing) cells will
synthesize proteoglycans and play an important role in
the formation of connective tissue fibers in liver fibrosis
(Szende et al., 1992).

The serum level of GAGs estimated in early stage
HCC patients was significantly decreased when
compared with corresponding values in cirrhotic control
group. This finding may result from decreased IGF-1 level
in HCC. IGF-1 has a sulfation activity (incorporation of
sulfate and leucine into glycosaminglycans) and
stimulation of fibroblast multiplication (Corti et al., 1992).
Our result proposed that the development of carcinoma in
cirrhotic patients may be accompanied by a gradual
significant decrease in GAGs levels as compared to
before carcinogenesis. We suggest that monitoring GAGs
levels in cirrhotic patients may help in predicting
development of HCC. Further studies are necessary to
determine a cut-off value that is diagnostic for HCC.
Serum level of GAGs may increase in other diseases
including rheumatoid arthritis (Friman et al., 1977),
systemic lupus erythmatosus (Friman et al.,, 1987),
chronic myeloid leukemia (Craig et al., 1988), and chronic
lymphocytic leukemia, and in essential thrombocythaemia
(Calabro et al., 1998), limiting its specificity to liver
diseases. Therefore, the combined measurement of
serum level of GAGs and IGF-1 level may provide a more
specific marker for liver diseases.

Diabetic patients with either cirrhosis or HCC in this
study exhibited a significant increase in serum GAGs
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level when compared to the corresponding non diabetic
patients. Significant positive correlations were found
between serum GAGs concentration and glucose level in
both cirrhotic and HCC groups (Figures 4 and 5),
respectively indicating that the elevated levels of serum
GAGs in diabetic patients are induced by hyperglycemia.
In agreement with our results, the percentage of total
GAGs in high glucose-treated medium was significantly
increased compared to glucose-free medium (Han et al.,
2009). One explanation of increased GAGs is presented
by Takeda et al. (2001) who reported that, high glucose
stimulates GAGs production through activation of protein
kinase C and TGF-beta cascade. Hyperglycemia may
also lead to the release of GAGs from cell proteoglycan
core proteins because cultured endothelial cells treated
with high glucose showed a reduction in total GAGs,
while medium GAGs was increased (Han et al., 2009).
We can conclude that alteration of GAGs synthesized by
cells is an important pathological mechanism, which can
be correlated with cell injury by hyperglycemia.

IGF-1 levels reduced significantly in both control
cirrhotic and early stage HCC groups compared to
normal control (Figure 6). The result concerning HCC
was opposite to those in other malignancies as prostate
carcinoma (Mucci et al, 2010), breast carcinoma
(Baglietto et al., 2007) and colorectal carcinoma (Ma et
al., 2001), reflecting the possible specificity of IGF-1 for
HCC. Our results are in agreement with other reports
demonstrating low IGF-1 levels in patients with cirrhosis
(Conchillo et al., 2005; Donaghy et al., 2002; Guo et al.,
2001; Wu et al., 2004) and HCC (Mazziotti et al., 2002;
Ranke et al., 2003; Stuver et al., 2000). An important
finding of the current study is that HCC patients who had
normal AFP (< 15 ng/ml) showed a significantly
decreased IGF-1, as compared to normal control subjects
(17.4 versus 76.3 ng/ml) (Figure 7). This study suggests
that the measurement of serum IGF-1 may be an
important early marker for the diagnosis of early stage
HCC, particularly in patients with low level of serum AFP.
Reduced IGF-1 in cirrhosis and HCC could be explained
by increased oxidative damage in cirrhosis and HCC,
leading to increased damage of parenchymal liver cell
and decrease in IGF-1 synthesis (Cantiirk et al., 2003;
Garcia-Fernandez et al., 2005). Mattera et al. (2003)
proposed that IGF-1 was low in HCC patients because of
reduced ability of GH to stimulate IGF-1 synthesis due to
either a reduction of GH receptors number in the
diseased liver or a post receptor defect (Donaghy et al.,
2002). Low circulating IGF-1 levels in HCC may be
derived also from an inhibitory effect by some tumor
cytokines, like TGF beta and platelet-derived growth
factor (Clemmons, 2001). Indeed, these cytokines are
over-expressed in patients with HCC in relation to the
degree of fibrogenic activity (Pinzani et al., 1996; Song et
al., 2002).



18 J. Med. Lab. Diagn.

The fibrogenic activity was observed in this study by
measuring serum level of GAGs, which are the major
component of extracellular matrix and was found to be
increased significantly when compared to normal control
subjects. In this view, the modifications of serum IGF-1
level may reflect indirectly the progression of liver fibrosis
in relation to the development of HCC (Mazziotti et al.,
2002). This explanation is supported by the significant
negative correlation observed in our study between IGF-1
and GAGs levels in HCC patients (Figure 9). In addition,
patients with cirrhosis are characterized by a variety of
metabolic  disturbances, including nutritional and
metabolic complications such as insulin resistance,
malnutrition, osteopenia and hypogonadism, all related to
IGF-I deficiency (Bonefeld and Mgaller , 2011). It is most
likely that malnutrition contributes to the reduced IGF-1 in
liver disease.

IGF-1 level decreased significantly in early stage HCC
group when compared to control cirrhotic group. This
observation agreed with Mazziotti et al. (2002),
suggesting that IGF-1 levels in these patients decreased
independently from cirrhosis, and indicating the
involvement of physiopathological mechanisms in
addition to the parenchymal damage. This result is due to
increased parenchymal damage in HCC or inhibitory
effects of tumor-induced cytokines (Mazziotti et al.,
2002). In addition, patients with HCC have elevated
plasma nitric oxide levels compared with patients with
cirrhosis, which leads to more oxidative damage for liver
parenchymal cells in HCC group and further decrease in
IGF-1 level (Moussa et al., 2000). Our results suggest
that periodic measurement of serum IGF-1 level using
Enzyme-linked immunosorbent assay (ELISA) method
may be useful for HCC screening and predicting the
development of HCC in patients with cirrhosis. A
significant positive correlation was found between levels
of IGF-1 and albumin in both cirrhosis and HCC groups
(Figures 10 and 11). This finding may indicate that the
decrease in IGF-1 level in cirrhotic and HCC patients may
play a role in the reduction of albumin synthesis in these
groups. The finding that IGF-1 replacement therapy
increases albumin concentration in liver cirrhosis could
confirm our suggestion (Conchillo et al., 2005). As IGF-1
is an anabolic hormone synthesized in the liver and its
level decreased sharply in liver cirrhosis and HCC, the
synthetic capacity of liver can be monitored by following
IGF-1 level.

Our data demonstrated that diabetic HCC patients
showed a significantly decreased level in serum IGF-1
level when compared to non diabetic HCC subgroup,
while no significant difference was detected in diabetic
cirrhotic patients as compared to non diabetic ones. This
indicates that diabetes may be an important factor that
decreases IGF-1 level in HCC. Liver tissue IGF-1 gene
expression is greatly affected in diabetes, contributing to

reduction of serum IGF-1 level (Li et al., 2004). In
addition, diabetic HCC patients have more insulin
resistance and hyperinsulinaemia. Insulin is known to be
an important hepatotrophic factor that stimulates the
proliferation of hepatoma cells (Sasaki et al., 1993).
Increased insulin level stimulates the propagation of
tumor through IGF-1 receptors via phosphorylation of
insulin receptor substrate 1 and activation of mitogen
activated protein kinases (Rose et al., 1994). So,
hyperinsulinaemia is associated with accelerated HCC
growth and gives further destruction of liver cells and
further reduction in IGF-1 level. Therefore, diabetic HCC
patients are at high risk of propagation of tumor than non-
diabetic ones.

Conclusion

GAGs and IGF-1 serum levels are disturbed in liver
cirrhosis and represent a good marker of hepatic
function. The development of HCC is accompanied by a
significant increase in GAGs together with a significant
reduction in serum IGF-1 level. Therefore, concomitant
determination and monitoring of serum GAGs and IGF-1
could be used as a simple, low cost and non-invasive
marker for development of HCC in cirrhotic patients,
especially in patients with normal level of AFP.

Hyperglycemia in diabetic cirrhotic and HCC patients is
associated with higher levels of serum GAGs compared
to non diabetic patients. Such alteration in GAGs could
be a pathological mechanism of liver injury. Diabetic
HCC, but not cirrhotic patients had further reduction of
serum IGF-1 levels as compared to non diabetics, and
such reduction may be associated with HCC growth in
diabetes.

ABBREVIATIONS

A/G, Albumin/globulin; AFP, alpha fetoprotein; ALT,
alanine aminotransferase; AST, aspartate
aminotransferase; GAGs, glycosaminoglycans; GH,
growth hormone; HCC, hepatocellular carcinoma; IGF-1,
insulin like growth factor-1; SEC, sinusoidal endothelial
cells; TGF-beta, transforming growth factor beta; TNF
alpha, tumor necrosis factor alpha.

REFERENCES

Baglietto L, English DR, Hopper JL, Morris HA, Tilley WD, Giles GG
(2007). Circulating insulin-like growth factor-l and binding protein-3
and the risk of breast cancer._Cancer Epidemiol. Biomarkers Prev. 16
(4):763-768.

Bitter T, Muir HM (1962): A modified uronic acid carbazole reaction.
Anal. Biochem. 4:330-334.



Bonefeld K, Mgller S (2011). Insulin-like growth factor-1 and the liver.
Liver Int. 31(7):911-9.

Bruix J, Sherman M, Llovet JM, Beaugrand M, Lencioni R, Burroughs
AK, Christensen E, Pagliaro L, Colombo M, Rodés J (2001). Clinical
management of hepatocellular carcinoma. Conclusions of the
Barcelona-2000 EASL conference. European Association for the
Study of the Liver. J. Hepatol. 35(3):421-430.

Bruix J, Sherman M (2005). Management of hepatocellular carcinoma.
Hepatol. 42(5):1208-36.

Calabrd L, Musolino C, Spatari G, Vinci R, Calatroni A (1998).
Increased concentration of circulating acid glycosaminoglycans in
chronic lymphocytic leukemia and essential thrombocythemia. Clin.
Chim. Acta. 269(2):185-199.

Cantiirk NZ, Cantirk Z, Ozden M, Dalgik H, Yardimoglu M, Tilibas F
(2003). Protective effect of IGF-1 on experimental liver cirrhosis-
induced common bile duct ligation. Hepatogastroenterology
50(54):2061-6.

Cattini R, Cooksey M, Robinson D, Brett G, Bacarese-Hamilton T,
Jolley N (1993). Measurement of alpha-fetoprotein, carcinoembryonic
antigen and prostate-specific antigen in serum and heparinised
plasma by enzyme immunoasay of the fully automated serono SR1™
analyzer. Eur. J. Clin. Chem. Clin. Biochem. 31:517-524.

Chow NH, Hsu PI, Lin XZ, Yang HB, Chan SH, Cheng KS, Huang SM,
Su IJ (1997). Expression of vascular endothelial growth factor in
normal liver and hepatocellular carcinoma: an immunohistochemical
study. Human Pathol. 28(6):698-703.

Clemmons DR (2001). Insulin like growth factor-1 and its binding
proteins. In: Endocrinology 4th ed. De Groot LJ, Jenmeson JL,
Burger HG. Philadelphia: WB Saunders Company pp 439-460.

Colli A, Fraquelli M, Conte D (2006). Alpha-fetoprotein and
hepatocellular carcinoma. Am. J. Gastroenterol. 101:1939.

Conchillo M, de Knegt RJ, Payeras M, Quiroga J, Sangro B, Herrero JI,
Castilla-Cortazar |, Frystyk J, Flyvbjerg A, Yoshizawa C, Jansen PL,
Scharschmidt B, Prieto J (2005). Insulin-like growth factor 1 (IGF-1)
replacement therapy increases albumin concentration in liver
cirrhosis: results of a pilot randomized controlled clinical trial. J.
Hepatol. 43(4):630-6.

Corti A, De Gasperi A, Oppizzi G, Pannacciulli E, Cristalli A, Fantini G,
Mazza E, Prosperi M, Rocchini A, Sabbadini D, Savi C, Scaiola A,
Vai S, Romani F, DeCarlis L, Rondinara GF (1992). Somatomedin C
(IGF 1) plasma levels after orthotopic liver transplantation (OLT) in
end-stage cirrhotic patients. Transpl. Int. 5 (Suppl 1):S185-6.

Craig JI, Reilly KM, Yap PL, Dawes J, Allen L, Parker AC (1988).
Plasma levels of highly sulfated glycosaminoglycans are raised in
patients with chronic myeloid leukemia. Br. J. Hematol. 70(1):27-29.

Davies MJ, Rayman G, Gray IP, Day JL, Hales CN (1993). Insulin
deficiency and increased plasma concentration of intact and 32/33
split proinsulin in subjects with impaired glucose tolerance. Diabet.
Med. 10(4):313-320.

Davila JA, Morgan RO, Shaib Y, McGlynn KA, El-Serag HB (2005).
Diabetes increases the risk of hepatocellular carcinoma in the United
States: a population based case control study. Gut. 54(4):533-539.

Donaghy AJ, Delhanty PJ, Ho KK, Wiliams R, Baxter RC (2002).
Regulation of the growth hormone receptor/binding protein, insulin-
like growth factor ternary complex system in human cirrhosis. J.
Hepatol. 36(6):751-8.

Fattovich G, Stroffolini T, Zagni I, Donato F (2004). Hepatocellular
carcinoma in cirrhosis: incidence and risk factors. Gastroenterology
127:(5 Suppl 1):S35-50.

Flisiak R, Pytel-Krolczuk B, Prokopowicz D (2000). Circulating
transforming growth factor beta(1) as an indicator of hepatic function
impairment in liver cirrhosis. Cytokine. 12(6):677-81.

Friman C, Juvani M, Skrifvars B (1977). Acid glycosaminoglycans in
plasma. Findings in rheumatoid arthritis. Scand. J. Rheumatol. 6(3):
177-182.

Friman C, Nordstrédm D, Eronen | (1987). Plasma glycosaminoglycans
in systemic lupus erythromatosis. J. Rheumatol. 14(6):1132-1134.

Froesch ER, Hussain MA, Schmid C, Zapf J (1996). Insulin-like growth

Ibrahim et al. 19

factor-I: physiology, metabolic effects and clinical uses. Diab. Metab.
Rev. 12:195-215.

Garcia-Fernandez M, Castilla-Cortazar |, Diaz-Sanchez M, Navarro |,
Puche JE, Castilla A, Casares AD, Clavijo E, Gonzalez-Barén S
(2005). Antioxidant effects of insulin-like growth factor-1 (IGF-1) in
rats with advanced liver cirrhosis. BMC Gastroenterol. 5:7.

Giannelli G, Antonaci S (2006). New frontiers in biomarkers for
hepatocellular carcinoma. Dig. Liver Dis. 38(11):854-859.

Gressner AM (1991a). Proliferation and transformation of cultured liver
fat-storing cells (perisinusoidal lipocytes) under conditions of beta-D-
xyloside-induced abrogation of proteoglycan synthesis. Exp. Mol.
Pathol. 55(2):143-69.

Gressner AM (1991b). Beta-D-xyloside induced modulations of
glycosaminoglycans, proliferation, and cytoskeletal organization of rat
liver myofibroblast-like cells (transformed fat storing cells). Cell Mol.
Biol. 37(5):549-64.

Gressner AM, Krull N, Bachem MG (1994). Regulation of proteoglycan
expression in fibrotic liver and cultured fat-storing cells. Pathol. Res.
Pract. 190(9-10):864-82.

Guo X, Chen Y, Jin R (2001): Experimental and clinical studies of
recombinant human growth hormone treatment of hypoproteinemia of
liver cirrhosis patients. Zhonghua Shi Yan He Lin Chuang Bing Du
Xue Za Zhi. 15(4):339-41.

Gupta S, Bent S, Kohlwes J (2003). Test characteristics of alpha-
fetoprotein for detecting hepatocellular carcinoma in patients with
hepatitis C. A systematic review and critical analysis. Ann. Intern.
Med. 139:46-50.

Hall K, Sara VR (1983). Growth and somatomedins. Vitam. Horm.
40:175-233.

Han J, Zhang F, Xie J, Linhardt RJ, Hiebert LM (2009). Changes in
cultured endothelial cell glycosaminoglycans under hyperglycemic
conditions and the effect of insulin and heparin. Cardiovasc. Diabetol.
8:46.

Hardingham TE, Fosang AJ (1992). Proteoglycans: Many forms and
many functions. FASEB J. 6(3):861-70.

Jia XL, Li SY, Dang SS, Cheng YA, Zhang X, Wang WJ, Hughes CE,
Caterson B (2012). Increased expression of chondroitin sulphate
proteoglycans in rat hepatocellular carcinoma tissues. World J.
Gastroenterol. 18(30):3962-76.

Kahn CR, White MF (1995). Molecular mechanism of insulin action. In:
DeGroot LJ (ed) Endocrinology. Philadelphia (PA): Saunders pp
1373-1388.

Kakodkar R, Soin AS (2012). Liver Transplantation for HCC: A Review.
Indian J. Surg. 74(1):100-17.

Li CP, Lee FY, Hwang SJ, Lu RH, Lee WP, Chao Y, Wang SS, Chang
FY, Whang-Peng J, Lee SD (2003). Spider angiomas in patients with
liver cirrhosis: role of vascular endothelial growth factor and basic
fibroblast growth factor. World J. Gastroenterol. 9(12):2832-5.

Li JB, Wang CY, Chen JW, Feng ZQ, Ma HT (2004). Expression of liver
insulin-like growth factor 1 gene and its serum level in patients with
diabetes. World J. Gastroenterol. 10(2):255-9.

Lv H, Yu G, Sun L, Zhang Z, Zhao X, Chai W (2007). Elevate level of
glycosaminoglycans and altered sulfation pattern of chondroitin
sulfate are associated with differentiation status and histological type
of human primary hepatic carcinoma. Oncology 72(5-6):347-56.

Ma J, Giovannucci E, Pollak M, Chan JM, Gaziano JM, Willett W,
Stampfer MJ (2001). Milk intake, circulating levels of insulin-like
growth factor-1, and risk of colorectal cancer in men. J. Natl. Cancer
Inst. 93(17):1330-1336.

Mattera D, Capuano G, Colao A, Pivonello R, Manguso F, Puzziello A,
D'Agostino L (2003). Increased IGF-1: IGFBP-3 ratio in patients with
hepatocellular carcinoma. Clin. Endocrinol. (Oxf). 59:699-706.

Mazziotti G, Sorvillo F, Morisco F, Carbone A, Rotondi M, Stornaiuolo
G, Precone DF, Cioffi M, Gaeta GB, Caporaso N, Carella C (2002).
Serum insulin-like growth factor 1 evaluation as a useful tool for
predicting the risk of developing hepatocellular carcinoma in patients
with hepatitis C virus-related cirrhosis: a prospective study. Cancer
95(12):2539-45.



20 J. Med. Lab. Diagn.

Moussa YI, Plevris JN, Hayes PC (2000). Plasma nitrites/nitrates in
HCV infection and hepatocellular carcinoma. Eur. J. Gastroenterol.
Hepatol. 12(2):159-63.

Mucci LA, Stark JR, Pollak MN, Li H, Kurth T, Stampfer MJ, Ma J
(2010). Plasma levels of acid-labile subunit, free insulin-like growth
factor-I, and prostate cancer risk: a prospective study. Cancer
Epidemiol. Biomarkers Prev. 19(2):484-91.

Nanji AA, Tahan SR, Khwaja S, Yacoub LK, Sadrzadeh SM (1996).
Elevated plasma levels of hyaluronic acid indicate endothelial cell
dysfunction in the initial stages of alcoholic liver disease in the rat. J.
Hepatol. 24(3):368-74.

Ohkawa SI, Sugiura M, Hata R, Nagai Y (1977). Acidic glycosamino-
glycans in urine, serum and myocardium of aged patients with
myocardial infraction. J. Mol. Cell Cardiol. 9(7):541-550.

Parés A, Deulofeu R, Giménez A, Caballeria L, Bruguera M, Caballeria
J, Ballesta AM, Rodés J (1996). Serum hyaluronate reflects hepatic
fibrogenesis in alcoholic liver disease and is useful as a marker of
fibrosis. Hepatology 24(6):1399-1403.

Pinzani M, Milani S, Herbst H, DeFranco R, Grappone C, Gentilini A,
Caligiuri A, Pellegrini G, Ngo DV, Romanelli RG, Gentilini P (1996).
Expression of platelet-derived growth factor and its receptor in human
liver and during active hepatic fibrinogenesis. Am. J. Pathol. 148(3):
785-800.

Ranke MB, Maier KP, Schweizer R, Stadler B, Schleicher S, Elmlinger
MW, Flehmig B (2003). Pilot study of elevated levels of insulin-like
growth factor-binding protein-2 as indicators of hepatocellular
carcinoma. Horm. Res. 60(4):174-80.

Rinderknecht E, Humbel RE (1976). The amino acid sequence of
human insulin-like growth factor | and its structural homology with
proinsulin. J. Biol. Chem. 253:2769-2776.

Rose DW, Saltiel AR, Majumdar M, Decker SJ, Olefsky JM (1994).
Insulin receptor substrate 1 is required for insulin-mediated mitogenic
transduction. Proc. Natl. Acad. Sci. USA 91:797-801.

Sasaki Y, Zhang XF, Nishiyama M, Avruch J, Wands JR (1993).

Expression and phosphorylation of insulin receptor substrate 1 during
rat liver egeneration. J. Biol. Chem. 268(6):3805-8.
Song BC, Chung YH, Kim JA, Choi WB, Suh DD, Pyo S, Shin JW,
Lee HC, Lee YS, Suh DJ (2002). Transforming growth factor-g1 as
a useful serological marker of small hepatocellular carcinoma.
Cancer 94(1):175-180.

Stuver SO, Kuper H, Tzonou A, Lagiou P, Spanos E, Hsieh CC,
Mantzoros C, Trichopoulos D (2000). Insulin-like growth factor-1 in
hepatocellular carcinoma and metastatic liver cancer in men. Int. J.
Cancer 87(1):118-21.

Szende B, Lapis K, Kovalszky I, Timar F (1992). Role of the modified
(glycosaminoglycan producing) perisinusoidal fibroblasts in the CCl4-
induced fibrosis of the rat liver. In Vivo 6(4):355-61.

Takeda M, Babazono T, Nitta K, lwamoto Y (2001). High glucose
stimulates hyaluronan production by renal interstitial fibroblasts
through the protein kinase C and transforming growth factor-beta
cascade. Metabolism 50(7):789-94.

Tangkijvanich P, Anukulkarnkusol N, Suwangool P, Lertmaharit S,
Hanvivatvong O, Kullavanijaya P, Poovorawan Y (2000). Clinical
characteristics and prognosis of hepatocellular carcinoma: analysis
based on serum alpha-fetoprotein levels. J. Clin. Gastroenterol.
31(4):302-308.

Testa E, Malfatti F, Milazzo S, Cordiviola C, Cotellessa T, Marabotto E,
Giannini E, Ceppa P, Mamone M, Risso D, Testa R (2006).
Hyaluronic acid and aspartate aminotransferase levels normalized by
liver function can reflect sinusoidal impairment in chronic liver
disease. Liver Int. 26(4):439-44.

Thomas MB, Jaffe D, Choti MM, Belghiti J, Curley S, Fong Y, Gores G,
Kerlan R, Merle P, O'Neil B, Poon R, Schwartz L, Tepper J, Yao F,
Haller D, Mooney M, Venook A (2010). Hepatocellular carcinoma:
consensus recommendations of the National Cancer Institute Clinical
Trials Planning Meeting. J. Clin. Oncol. 28(25):3994-4005.

Wu YL, Ye J, Zhang S, Zhong J, Xi RP (2004). Clinical significance of
serum IGF-1, IGF-2 and IGFBP-3 in liver cirrhosis. World J.
Gastroenterol. 10:2740-3

Yu MC, Yuan JM (2004). Environmental factors and risk for
hepatocellular carcinoma. Gastroenterology 127(5 Suppl 1):S72-78.

Yuen MF, Cheng CC, Lauder IJ, Lam SK, Ooi CG, Lai CL (2001). Early
detection of hepatocellular carcinoma increases the chance of
treatment: Hong Kong experience. Hepatology 31(2):330-5.



