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Serum IGFBP-3 is a more effective predictor than
IGF-1 and IGF-2 for the development of hepatocellular
carcinoma in patients with chronic HCV infection
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Abstract. Hepatocellular carcinoma (HCC) contributes to
14.8% of all cancer mortality in Egypt, which has a high
prevalence of hepatitis C virus (HCV). We have previously
shown alterations in the insulin-like growth factor-1 (IGF-1)
receptor signalling pathway during experimental hepato-
carcinogenesis. The aim of this study was to determine
whether serum levels of IGF-1, IGF-2 and IGFBP-3 can be
used to discriminate between HCC and the stages of hepatic
dysfunction in patients with liver cirrhosis assessed by the
Child-Pugh (CP) score, and to correlate these levels with
HCC stages. We recruited 241 subjects to the present study;
79 with liver cirrhosis, 62 with HCV-induced HCC and 100
age-matched controls. Results showed that serum levels of
IGF-1, IGF-2 and IGFBP-3 were reduced significantly in
cirrhosis and HCC patients in comparison to the controls, and
that this reduction negatively correlated with the CP scores.
However, only IGFBP-3 levels showed significant negative
correlation with a-fetoprotein levels. The reduction in IGF-1
and IGFBP-3 but not IGF-2 levels was significant in HCC in
comparison to patients with cirrhosis. None of the parameters
significantly correlated with the HCC stage. IGFBP-3 levels
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discriminated between cirrhosis and HCC at a sensitivity of
87%, a specificity of 80% and a cut-off value of <682.6 ng/
ml. In conclusion, although our results showed that serum
IGF-1, IGF-2 and IGFBP-3 are reduced with the progression
of hepatic dysfunction, only IGFBP-3 may be considered as
the most promising serological marker for the prediction of
the development of HCC in the chronic HCV patients with
liver cirrhosis.

Introduction

Hepatocellular carcinoma (HCC) is the third most common
cause of cancer mortality worldwide (1). It contributes to
14.8% of all cancer mortality in Egypt, with a higher incidence
in males (17.3%) than in females (11.5%). It is the second most
frequent cancer type in Egyptian males after bladder cancer
and the eighth most frequent in Egyptian females (2). The high
incidence of HCC in Egypt is attributed to the high prevalence
of hepatitis C virus (HCV). HCV is currently the most signifi-
cant public health problem in Egypt with an overall prevalence
of 17.4% in males and 12.2% in females, and it increases with
age to a prevalence of 39.4% in 55-59-year olds (3). Chronic
hepatitis usually leads to the sequential occurrence of liver
fibrosis and cirrhosis with a high risk of development of
HCC. It has been estimated that 20% of HCV-infected patients
develop liver cirrhosis and approximately 40% of these
develop HCC within 10-15 years (4).

The insulin-like growth factor (IGF) signalling system is
an essential regulator of growth and development. IGF-1 has
a strong effect on cell proliferation and differentiation and is
a potent inhibitor of apoptosis (5). We previously showed that
during experimental hepatocarcinogenesis the IGF-1 receptor
(IGF-1R), which mediates IGF-1 and IGF-2 signals, and its
downstream proteins are initially overexpressed in preneo-
plastic foci, which may reflect that hepatocytes in their early
stage of transformation are more sensitive to stimulation by
circulatory IGFs. This overexpression is gradually reduced in
later stages, and it is almost completely lost in poorly differ-
entiated HCC (6,7), which may indicate an IGF-independent
state. The liver is the major site of IGF-1 production (8). Serum
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IGF-1 levels are influenced by many factors including age and
nutrition, but growth hormone (GH) is the principal regulator
of IGF-1 production in the liver and secretion into the blood
stream. IGF-2 is produced in various tissues throughout life.
Serum concentration of IGF-2 remains stable following puberty,
and is not regulated by GH (9). The bioavailability of IGFs is
modulated by high-affinity binding proteins known as insulin-
like growth factor binding proteins (IGFBPs) (from 1 to 7), of
which the liver is a significant source. Most of the IGF-1 in
circulation is bound by IGFBP-3, whose circulating levels are
more than 10-fold higher than any of the other binding proteins
(10). Several studies have reported the reduction of serum
IGF-1 levels associated with the development of human HCC
from cirrhosis (11,12), the increase of IGF-2 levels in HCC
(13), and the reduction of IGFBP-3 levels in liver cirrhosis in
comparison to healthy subjects (14,15).

Patients with liver cirrhosis should be carefully monitored
for the early detection of HCC. Currently, surveillance for HCC
development is based on a six-month a-fetoprotein (AFP)
determination and ultrasound examination. However, AFP
levels do not discriminate between benign liver disease and
HCC. Additionally, they have poor sensitivity and specificity
(16) and vary with the etiology of liver disease, treatment
and tumor stage (17). Therefore, it is of utmost importance
to identify sensitive biomarkers that allow the prediction of
HCC development at an early stage, and predict the severity of
cirrhosis stage, and at the same time are easily measurable and
minimally invasive (18).

The present study was carried out to i) investigate whether
serum levels of IGF-1, IGF-2 and IGFBP-3 may be used to
discriminate between the stages of hepatic dysfunction in
Egyptian patients with liver cirrhosis assessed by Child-Pugh
(CP) score, and subsequently ii) whether they may be used
individually or in combination as biomarkers for the develop-
ment of HCC in patients with liver cirrhosis and to correlate the
levels with the HCC stage and other standard HCC biomarkers
such as AFP.

Materials and methods

Patients. A total of 241 subjects were recruited into the present
study between March 2010 and April 2011 at the Faculty of
Medicine, Alexandria University Hospital. The subjects were
divided into three groups: group I included 79 patients with
chronic HCV and liver cirrhosis. This group was further subdi-
vided into three subgroups according to the CP score system
(11 patients with CP A, male/female = 5/6, 29 patients with
CP B, male/female = 14/15 and 39 patients with CP C, male/
female = 19/20). Group II included 62 patients with HCC in
addition to HCV-induced liver cirrhosis (male/female = 48/14).
Group III included 100 healthy volunteers as controls (male/
female = 40/60) (Table I). For all subjects, height and weight
were measured and the body mass index (BMI) was calculated
as body weight in kilograms divided by the square of height
in meters (kg/m?). Subjects with BMI >30, with a history of
alcohol abuse, heart disease, kidney disease, diabetes mellitus,
endocrine-related diseases, tobacco-related cancers and hepa-
titis B virus infection were excluded from the study. At the time
of enrolment, the patients were evaluated for complete medical
history and physical examination. Ultrasound of the liver, liver
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functions and complete blood picture (CBC), serum albumin,
serum bilirubin and prothrombin time were performed for all
patients. Screening for HCV Ab was performed routinely using
an ELISA assay, and confirmed by PCR according to Kato
et al (19). In the present study, the HCC staging followed the
Barcelona Clinic Liver Cancer (BCLC) staging system.

Ethical approval. All patients and healthy controls who partici-
pated in the present study signed an informed consent form.
The study protocol was approved by the Ethics Committee of
the Faculty of Medicine, Alexandria University, Egypt and is in
accordance with the Helsinki Declaration of 1975.

Sample collection, determination of glucose and AFP. Venous
blood (5 ml) was withdrawn from the subjects following 12 h
overnight fasting. Serum fasting blood glucose was measured
immediately for all subjects with a Cobas Integra 400 analyzer
(Roche Diagnostics, USA). AFP was measured using a Siemens
ADVIA Centaur analyzer (Siemens Healthcare Diagnostics,
Germany). Serum samples were then stored at -80°C until use.

Quantitative detection of serum IGF-1, IGF-2, and IGFBP-3.
Serum IGF-I, IGF-2 and IGFBP-3 were measured using the
following ELISA kits according to the manufacturer's instruc-
tions: IGF-1 ELISA kit (DRG International, USA), IGF-2 active
non-extraction ELISA kit (Diagnostic Systems Laboratories,
USA) and IGFBP-3 Quantikine ELISA Kit (R&D Systems,
USA). Absorbance was read at 450 nm for the three kits in a
microplate reader.

Statistical analysis. Statistical analysis was performed using the
SPSS statistical package version 16.00 (SPSS Inc, Chicago, IL,
USA). Data were expressed as the mean + standard deviation. A
receiver operating curve (ROC) was used to establish the cut-off
values that provided the maximal diagnostic accuracy. Positive
and negative predictive values were also determined for each of
the following parameters; IGF-1, IGF-2, IGFBP-3, IGF-1 and
IGF-2, IGF-1 and IGFBP-3, IGF-2 and IGFBP-3 in predicting
HCC. P<0.05 was considered statistically significant.

Results

Subjects. The present study was conducted on 241 subjects
divided into three groups: group I included patients with
chronic HCV and liver cirrhosis (n=79), group II included
patients with HCC developed from HCV-induced cirrhosis
(n=62), and group III included healthy subjects (n=100).
Clinical characteristics of the subjects are shown in Table I.
Group I was classified into 11 patients with CP A (mean score
5.66+0.49), 29 patients with CP B (mean score 8.22+0.84) and
39 patients with CP C (mean score 11.62+1.11). No significant
difference was found between the three subgroups in terms
of age, BMI and glucose levels (Table I). Similarly, there
were no significant differences in these parameters between
patients with cirrhosis and healthy subjects (group III), and
HCC patients (group II), and between groups II (HCC) and IIT
(controls), respectively (p>0.05).

AFP levels in the study groups. The mean AFP levels were
3.5+1.9, 110+£227.1 and 207+257.4 ng/ml in the healthy
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Table I. Clinical characteristics of the subjects enrolled in the present study.

Group | Group II Group III

Clinical Patients with HCV-cirrhosis Patients with HCC Healthy subjects P-value®
parameters (n=79) on HCV-cirrhosis

CPA CPB CPC
No. of subjects 11 29 39 62 100
(% from total) (13.9) (36.7) (49.4)
Age (years) 47.5 46.7 46.8 48.7+4.6 46.8+6.7 0.1
(Mean + SD) +49 +6.3 +6.8
BMI 243 24.7 248 25.1+£2.3 247423 03
(Mean = SD) +0.6 +0.8 +0.6
Blood glucose (mg/dl) 90.5 91.3 85.8 91.7£17.5 90.6+10.5 04
(Mean + SD) +14.6 +18.9 +19.5

Number of subjects in each of the three main groups (cirrhosis, HCC and control) and the three subgroups of patients with cirrhosis classified
according to the Child-Pugh score into CP A, CP B and CP C, their age, body mass index and glucose levels are shown. HCV, hepatitis C virus;
HCC, hepatocellular carcinoma; CP A, Child-Pugh score A; CP B, Child-Pugh score B; CP C, Child-Pugh score C; SD, standard deviation;

BMI, body mass index. “Significant at p<0.05.

subjects, patients with cirrhosis and HCC patients, respectively
(Table IT). These values were significant between patients with
cirrhosis and control subjects, HCC and control subjects, as
well as between cirrhosis and HCC patients. Furthermore,
we measured AFP levels in each of the three cirrhosis
subgroups of group I, which were 51.73+108.8, 127.6+248.8
and 114+236.2 ng/ml in CP A, CP B and CP C, respectively
(Table IIT). No significant difference was observed in the
AFP values in patients with cirrhosis classified according to
CP scores (p>0.05).

Serum IGF-1, IGF-2 and IGFBP-3 levels are reduced in
cirrhosis and HCC patients. In the present study, serum levels
of IGF-1, IGF-2 and IGFBP-3 were measured in each of the
three groups (patients with cirrhosis, with HCC and healthy
subjects) (Table II, Fig. 1). The levels in the normal subjects
were 394.7+60.2, 2197.5£499.9 and 3131.4+1159.7 ng/ml for
IGF-1, IGF-2 and IGFBP-3, respectively. IGF-1 levels were
found to be significantly reduced in cirrhosis (249+131 ng/
ml) and in HCC patients (166.7+121.4 ng/ml) in comparison to
healthy subjects. The reduction of IGF-1 levels was also statisti-
cally significant between cirrhosis and HCC patients. Similarly,
serum IGF-2 levels decreased significantly in cirrhosis
(649.1+473 4 ng/ml) and in HCC patients (549+405 ng/ml)
in comparison to healthy subjects; however, there was no
significant difference between IGF-2 levels in patients with
cirrhosis and those with HCC. Serum IGFBP-3 levels followed
the same pattern with a significant reduction in cirrhosis
(1474.3£1042.2 ng/ml) and in HCC patients (456.2+268 ng/
ml) in comparison to healthy subjects. The reduction in serum
IGFBP-3 levels was significant between control and cirrhosis
patients, control and HCC patients, as well as between cirrhosis
and HCC patients (p<0.05) (Table II, Fig. 1). In the present
study, the majority of the HCC patients enrolled were either
in the intermediate stage B (44%) or advanced stage C (39%),

fewer were in the early stage A (5%) or in the terminal stage D
(12%). IGFBP-3 levels showed a negative correlation with
tumor stage, which was not statistically significant (p>0.05).

Serum IGF-1, IGF-2 and IGFBP-3 levels negatively corre-
lated with CP score. The mean serum levels of IGF-1, IGF-2
and IGFBP-3 in the three CP stages of HCV-induced cirrhosis
in Egyptian patients are shown in Table III. For IGF-1 and
IGF-2 there was a significant reduction in serum levels
between CP A and B, CP A and C, as well as between CP B
and C, respectively. However, IGFBP-3 levels were reduced
significantly between CP A and C, and between B and C, but
not between A and B. The negative correlation between the
CP score and IGF-1 (r=-0.51), IGF-2 (r=0.58) and IGFBP-3
levels (r=0.63), respectively, is shown in Fig. 2A-C (p<0.05).
Furthermore, the serum levels of IGF-1 and IGF-2 were found
to be significantly lower in HCC patients than those with CP A
and B liver cirrhosis (p<0.05). However, no significant differ-
ence was observed between IGF-1 and IGF-2 levels in HCC
cases and those with CP C stage of liver cirrhosis (p=0.16).
By contrast, the mean levels of IGFBP-3 were significantly
lower in HCC patients than the mean levels of CP A, B and C
patients, respectively (p<0.05).

IGFBP-3 levels negatively correlate with AFP in liver cirrhosis,
but not in HCC patients. As we propose the serum levels of
IGF-1, IGF-2 and IGFBP-3 to be markers for progression of
hepatic dysfunction and development of HCC in patients with
cirrhosis, we studied whether there is a correlation between
their levels and those of the well-established HCC marker AFP.
A significant negative correlation was found only between
IGFBP-3 and AFP in patients with liver cirrhosis (r=-0.32,
p=0.03) (Fig. 2D). By contrast, no significant difference was
found between the levels of IGF-1 and IGF-2 and AFP in the
same group of patients. Furthermore, no correlation was found
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Table II. Serum levels of IGF-1, IGF-2, IGFBP-3 and a-fetoprotein in patients with cirrhosis, HCC and healthy subjects.

Group I Group II Group III
_— F test Significance between
Cirrhosis patients HCC patients Healthy subjects groups®
(n=79) (n=62) (n=100)
IGF-1 249+131 166.7£121.4 394.7+60.2 97.39* L1
(ng/dl) I, 11
LI
IGF-2 649.1+473 4 5494405 2197.5+499.9 334.7* I, 11
(ng/dl) 1L, 11
IGFBP-3 1474.3£1042.2 456.2+268 3131.4+1159.7 100.6* L1
(ng/dl) I, 11
LI
AFP 110+£227.1 207+257.4 3.5+19 11.5* I, 11
(ng/dl) 1L, 11
I1I

IGF-1, insulin-like growth factor-1; IGF-2, insulin-like growth factor-2; IGFBP-3, insulin-like growth factor binding protein-3; AFP,

a-fetoprotein; HCC, hepatocellular carcinoma. *Significant at p<0.05.

Table III. Serum levels of IGF-1, IGF-2 and IGFBP-3 and a-fetoprotein in patients with cirrhosis classified according to

Child-Pugh scores into A, B and C.

Group I
Child-Pugh A Child-Pugh B Child-Pugh C F test Significance between groups®
(n=11) (n=29) (n=39)

IGF-1 377.3+£71.7 268.5+100.2 198.5+138.3 11.5% CPA,B

(ng/ml) CPA,C
CPB,C

IGF-2 1179.5+£575.8 736.9+413.6 435243299 17.1* CPA,B

(ng/ml) CPA,C
CPB,C

IGFBP-3 2638.6+£919.2 1891.5+1148 4 853.4+£396.9 14.6* CPA,C

(ng/ml) CPB,C

AFP 51.73+£108.8 127.6+248.8 114+236.2 0.5

(ng/ml)

CP, Child-Pugh stage; IGF-1, insulin-like growth factor-1; IGF-2, insulin-like growth factor-2; IGFBP-3, insulin-like growth factor binding

protein-3; AFP, a-fetoprotein. *Significant at p<0.05.

between AFP levels and the levels of IGF-1, 2 and IGFBP-3
in HCC patients.

Serum IGFBP-3 levels are more effective predictors than
IGF-1 and IGF-2 for the development of HCC in Egyptian
patients with cirrhosis. Receiver operating curves (ROC)
were used to demonstrate the diagnostic accuracy of IGF-1,
IGF-2 and IGFBP-3 individually and in combination in the
discrimination between cirrhosis and HCC; and to determine
the cut-off values for IGF-1, IGF-2 and IGFBP-3 serum levels
for prediction of the development of HCC in Egyptian patients
with liver cirrhosis (Fig. 3). The sensitivity, specificity, cut-off

value, positive and negative predictive values (PPV, NPV) and
diagnostic accuracy for each parameter are shown in Table I'V.
The areas under the ROC curves (AUC) were 0.78 for IGF1,
0.74 for IGF-2,0.93 for IGFBP-3 (Fig. 3A),0.78 for combined
IGF-1 and IGF-2 (Fig. 3B), 0.93 for combined IGF-1 and
IGFBP-3 (Fig. 3C) and 0.9 for combined IGF-2 and IGFBP-3
(Fig. 3D) (Table IV). These data indicate that IGFBP-3 levels,
whether alone or in combination with IGF-1 or IGF-2, had the
highest AUC value (0.9-0.93), indicating a higher power to
discriminate between HCC and cirrhosis, and, hence a high
clinical value. In our study, IGFBP-3 is proposed as a marker
for predicting the development of HCC at an optimal cut-off
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Figure 1. Mean serum levels of (A) IGF-1, (B) IGF-2 and (C) IGFBP-3 decrease in cirrhosis and in HCC patients in comparison to those of healthy subjects.
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Figure 2. Significant negative correlation between Child-Pugh score and (A) IGF-1, (B) IGF-2 and (C) IGFBP-3 levels in patients with liver cirrhosis (p<0.05).
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Table IV. Sensitivity, specificity, diagnostic accuracy, positive and negative predictive values and area under the ROC curves for
IGF-1, IGF-2, IGFBP-3 and combinations of two parameters together at the optimal cut-off values.

Sensitivity (%) Specificity (%)  Cut-off value PPV (%) NPV (%) Diagnostic accuracy (%) AUC

IGF-1 81 62 <2074 60.6 88.2 80.8 0.78
IGF-2 75 60 <4145 492 83.8 74.3 0.74
IGFBP-3 87 80 <682.6 78 88 84.3 0.93
IGF-1, 73 84 <772 524 68.3 59.1 0.78
IGF-2

IGF-1, 89 82 <885 81.6 82 819 0.93
IGFBP-3

IGF-2, 86 84 <1246 80.3 79.5 80 0.90
IGFBP-3

PPV, positive predictive value; NPV, negative predictive value; AUC, area under the ROC curve; IGF-1, insulin-like growth factor-1; IGF-2,
insulin-like growth factor-2; IGFBP-3, insulin-like growth factor binding protein-3.

A 100 B 100 J_F’_J_,_,_,_
0.76 >0
z .
= =
= 7]
o 0.50 0.50
z 5
P9 w
0.25 0.25
0.00 0.00
0.00 0.25 0.50 075 1.00 0.00 0.25 0.50 076 1.00
Specificity Specificity
C 100 D 1.00 rr‘_'_,_/—rr
075 0.76
g z
2 =
= 050 =
T = 0.50
c c
] [
w w
0.256 0.25
0.00 0.00
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 075  1.00
Specificitv Specificitv

Figure 3. Receiver-operating characteristic (ROC) curves for serum (A) IGFBP-3, (B) IGF-1 and IGF-2, (C) IGF-1 and IGFBP-3 and (D) IGF-2 and IGFBP-3
levels to establish the optimal cut-off values for the prediction of the development of HCC in patients with liver cirrhosis. The areas under the ROC curves are
0.93,0.78,0.93 and 0.9 for (A) IGFBP-3, (B) IGF-1 and IGF-2, (C) IGF-1 and IGFBP-3 and (D) IGF-2 and IGFBP-3 levels, respectively.

value of <682.6 at 87% sensitivity and 80% specificity. The cirrhosis, assessed by the CP score, as well as in HCC patients.
PPV and NPV of IGFBP-3 at the selected cut-off point were ~ We also studied their correlation with the HCC stage, and with

78 and 88%, respectively (Table IV). AFP serum levels. In this study, we focused on HCV-induced
cirrhosis since the majority of HCC cases in Egypt develop
Discussion from chronic hepatitis C infection. We found that serum levels

of IGF-1, IGF-2, IGFBP-3 were reduced significantly in
In the present study, we investigated the serum levels of IGF-1,  cirrhosis and in HCC patients in comparison to the controls.
IGF-2 and IGFBP-3 in early, intermediate and late stages of = Moreover, the reduction in IGF-1, IGFBP-3, but not IGF-2
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levels was significant in HCC in comparison to patients with
cirrhosis. The reduction in IGF-1, IGF-2 and IGFBP-3 levels
negatively correlated with the CP scores (A, B and C) and only
IGFBP-3 levels showed a significant negative correlation with
AFP levels and a negative correlation with the HCC stage,
which was not statistically significant.

In agreement with these results, Aishima et al (20)
showed an insignificant negative correlation between HCC
staging and serum IGFBP-3 and IGF-1 levels. Moreover, in
the present study, IGFBP-3 levels significantly discriminated
between cirrhosis and HCC at a sensitivity of 87%, speci-
ficity of 80% and a cut-off value of <682.6 ng/ml. The PPV
and NPV at the optimal IGFBP-3 cut-off value were 78 and
88%, respectively. Experts in risk prediction encourage
the use of predictive values to assess the clinical relevance
of biomarkers (21). IGF-1 and IGF-2 had an AUC of 0.78
and 0.74, respectively, and their combined detection did not
increase their AUC, sensitivity or specificity. By contrast,
when IGFBP-3 values were combined with those of either
IGF-1 or IGF-2, their AUCs were increased to 0.93 and
0.9, respectively, with a concomitant increase in both the
sensitivity and specificity. Therefore, concomitant to AFP,
IGFBP-3 is a promising marker for the prediction of HCC
developing from HCV-cirrhosis in Egyptian patients.

Our results are consistent with several published reports
on the serum levels of IGFBP-3 in cirrhosis and in HCC
(15,22-24) and in chronic hepatitis prior to developing
cirrhosis (25). Furthermore, in HCC patients with or without
cirrhosis, IGFBP-3 mRNA levels (13,26,27) and protein levels
(28) were lower than those in non-tumor tissues. The decrease
in IGFBP-3 mRNA correlated with a tumor-specific IGFBP-3
promoter hypermethylation (26). Findings of other studies have
shown that IGFBP-3 protein and IGF-1R were lost or under-
expressed in poorly differentiated HCC, but overexpressed in
well-differentiated HCC in comparison to normal liver tissue
and that IGFBP-3 levels significantly correlated with tumor
size, histological differentiation, capsular and portal invasion
(20), establishing a role for IGFBP-3 in negatively regulated
cell proliferation. The same authors reported that the addition
of exogenous IGFBP-3 markedly blocked IGF-1- and IGF-2-
stimulated proliferation of KYN-2 and HepG2 cells, and also
suppressed IGF-1-induced invasion in KYN-2 cells. The results
of Aishima et al have shown that the serum levels of IGFBP-3
correlate with the tissue levels of IGFBP-3 protein (20). Thus,
in the present study, IGFBP-3 serum levels serve not only
as a biomarker for the prediction of hepatic dysfunction and
progression towards malignancy, but may have a pathophysio-
logical significance. The molecular mechanism underlying
the reduction in serum IGFBP-3 levels in HCV-induced HCC
remains to be elucidated. Previous reports demonstrated the
association between the hepatitis B virus oncogenic protein
(HBx) modulation of DNA methylation and the downregula-
tion of IGFBP-3 expression in cell lines, animal models and
human tumor samples (29). Furthermore, it has been shown
that HBx recruits histone deacetylase 1 to repress IGFBP-3
transcription (30). Moreover, IGFBP-3 has been shown to
trigger intracellular signalling: Stimulation of phosphotyrosine
phosphatase and phosphatidylinositol-3 kinase activities and
increase in intracellular calcium (31-33) potentially through
its own ‘putative’ receptor. However, no underlying genetic
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polymorphisms have been detected in IGFBP-3 to contribute
to its downregulation in HCC (34).

In agreement with our results, Wu et al (15) showed a
significant reduction of serum IGF-1, IGF-2 and IGFBP-3
levels in patients with cirrhosis compared to controls.
Progressive reduction in IGF-2 levels observed in the present
study in cirrhosis and in HCC patients are consistent with
El-Houseini et al (35). In partial disagreement with our
results, a recent study investigated the same parameters in
similar patient groups and reported that IGF-2, despite being
lower in HCC cases than in healthy controls, was significantly
higher compared to patients with liver cirrhosis and, there-
fore, high serum IGF-2 levels can be used as a tumor marker
to discriminate HCC from cirrhosis (36). We did not find a
significant difference in the serum levels of IGF-2 in patients
with cirrhosis in comparison to those with HCC, and both
exhibited lower serum levels than in healthy controls. The
differences between those findings and ours may be due to the
sample size, as well as the methods used to measure IGF-2.
Rehem and EI-Shikh (36) conducted their studies on a smaller
sample size (60 patients with liver cirrhosis, 20 HCC patients
and 20 controls) compared to our sample size (72 patients with
liver cirrhosis, 62 HCC patients and 100 healthy controls).
It is an established fact that a larger sample size results in
better assessment with lower bias. Furthermore, we have used
ELISA to measure serum IGF-2 levels, while in the other
study radioimmunoassay (RIA) was used (36). Moreover,
Rehem and EI-Shikh (36) did not report any data concerning
the diagnostic accuracy of IGF-1 and IGFBP-3, nor did
they demonstrate any significant correlation between IGF-2
and AFP in these cases. However, the authors concluded
that IGF-2 and AFP may be used as complementary tumor
markers to discriminate HCC from cirrhosis. In contrast, our
analysis of the sensitivity, specificity and diagnostic accuracy
of the three IGF members studied revealed that IGFBP-3 was
a more effective predictor for the development of HCC than
IGF-1 and IGF-2.

Other studies have demonstrated a significant increase
in IGF-2 mRNA expression in human cirrhotic liver, in liver
cancers and in the peripheral blood of HCC, in human hepa-
toma cell lines, in comparison to that of normal adult liver
(37-40). This discrepancy may be attributed to the fact that
in the present study we measured only the free IGF-2 levels
in serum but not mRNA. IGF-2 levels may be lower than the
mRNA since the bulk of the former is bound to IGFBPs. We
believe that serum IGF-2 levels may not be used as a marker
for HCC progression, as in our setting IGF-2 had an AUC of
0.74, whereas it has been previously reported that ROC curves
with an AUC=0.75 are not clinically useful (41). A comprehen-
sive study by Tovar et al (13) demonstrated overexpression of
IGF-2 mRNA resulting from reactivation of the fetal promoters
P3 and P4, downregulation of IGFBP-3, allelic loss of IGF-2R
and activation of IGF-1R in a specific subclass of human HCC;
the ‘proliferation’ subclass. It is expected that a reduction in
the serum levels of IGF-1 and to a lesser extent IGF-2 would
occur in cirrhotic liver, since the main pool of circulating
IGF-1 is synthesized in liver parenchyma (42), whose mass is
greatly reduced in cirrhotic liver, whereas IGFBP-3 is produced
by Kiipffer, endothelial and hepatic stellate cells, which also
synthesize IGF-2 (43-46). Liver damage is apparently not the
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only cause for reduced IGF-1 levels in HCC, as reduced IGF-1
levels were reported in males with HCC without a history of
liver cirrhosis and in virus-free metastatic liver cancer (47 48),
and did not correlate with the CP score in patients with liver
cirrhosis followed up until the development of HCC (11). In the
present study, the gradual decrease in circulating IGF-1 levels
from HCC precursors to malignancy is consistent with our
previous observation, which indicated the initial overexpres-
sion of IGF-1R in preneoplastic stages is followed by a gradual
decrease and complete loss in HCC in rats (7). Moreover, our
findings are in concordance with reports by Huynh ef al (28)
and Aishima et al (20), who showed lower levels of IGF-1R
expression in a significant number of human HCC by immu-
nohistochemistry. Low serum levels of IGF-1 do not prove a
specific function of IGF-1 in hepatocarcinogenesis per se, but
from this and previous reports from human and experimental
hepatocarcinogenesis the following may be speculated: i) the
low levels of IGF-1 in cirrhosis and in HCC may be caused by
separate events since chronic liver disease is known to be an
IGF-1 deficiency state, as reviewed by Bonefeld and Moller
(49); however, the cause of low IGF-1 serum levels in HCC
patients with no history of cirrhosis remains to be elucidated.
ii) IGF-1 may only be required in initiating events of hepato-
carcinogenesis; iii) the autocrine and paracrine effects of IGF-1
may be more relevant to cell transformation than its endocrine
effect, and iv) IGFBP-3 may have other roles in modulating
IGF-1 effects than its binding capacity.

In conclusion, although our results have showm that serum
IGF-1, IGF-2 and IGFBP-3 are reduced with the progression
of hepatic dysfunction, only IGFBP-3 may be considered as
the most promising serological marker for the prediction of
the development of HCC in Egyptian chronic HCV patients
with liver cirrhosis. Future studies should be directed towards
understanding the association between serum and tissue
growth factor levels.
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