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Abstiract

AlIM: To investigate the clinical values of serum free
insulin-like growth factor II (IGF-II) levels and IGF-II mRNA
in hepatocellular carcinoma (HCC) tissues and peripheral
blood for diagnosis of HCC and monitoring of extrahepatic
metastasis.

METHODS: Total RNAs were extracted from HCC tissues
or peripheral blood mononuclear cells from patients with
HCC, liver diseases devoid of cancer, non-hepatic tumors,
and healthy controls, respectively. IGF-II cDNAs were
synthesized through random primers and reverse-
transcriptase, amplified by polymerase chain reaction
(PCR), and confirmed by DNA sequencing analysis. Serum
free IGF-II levels in patients with different liver diseases
were analyzed by an enzyme-linked immunosorbent assay.

RESULTS: The amplified fragments of IGF-II mRNA by
RT-PCR were identical to originally designed ones with a
size of 170 bp and confirmed by sequencing analysis.
The dilution experiments revealed that the lowest sensitivity
of our system was 2 ng/L of total RNA. The positive
frequencies of IGF-II mRNA were 100% in HCC tissues,
53.3% in para-cancerous tissues, and 0% in non-cancerous
tissues, respectively. The serum free IGF-II levels were
significantly higher in HCC than those in chronic hepatitis
or liver cirrhosis. The positive frequency of circulating
IGF-II mRNA was 34.2% in HCC, no amplified fragment

was found in other liver diseases, extrahepatic tumors,
and normal controls, respectively. The circulating IGF-II
mRNA correlated with the stage of HCC, and its positive
rate was 100% in HCC with extrahepatic metastasis and
35.5% in HCC with AFP-negative. No significant correlation
was found between tumor sizes and circulating IGF-II
mRNA fragment.

CONCLUSION: The abnormal expressions of free IGF-II
and IGF-II mRNA are useful tumor markers for HCC
diagnosis, differentiation of extrahepatic metastasis and
monitoring postoperative recurrence.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most common
and rapidly fatal malignancies worldwide, and has been
ranked as the second cancer killer in China since the 1990s,
particularly in the eastern and southern areas, including
the inshore area of the Yangtze River!?. Major risk factors
for HCC in these areas are exposure to aflatoxin B1 (AFB1)
and infection by hepatitis viruses®. HCC prognosis is poor
and eatly detection is of utmost importance. Treatment
options are severely limited by the frequent presence of
metastases?. Although serum o-fetoprotein (AFP) is a
useful tumor marker for the detection and monitoring of
HCC development, the false-negative rate with AFP level
alone may be as high as 40% for patients with small size
HCCP. Howevert, if hepatocyte-specific mRNAs are
detected in the circulation, it is possible to infer the presence
of circulating, presumably malignant liver cells and to predict
the likelihood of hematogenous metastasis®.

Insulin-like growth factor IT (IGF-II) is a mitogenic
polypeptide closely related to insulin. Its gene has complex
regulation of transcription, resulting in multiple mRNAs
initiated by different promoters®™. IGF-11 is speculated to
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serve as an autocrine growth factor in various cancers,
because they often coexpress IGF-1I and IGF-I receptors.
IGF-II is a kind of fetal growth factor and highly expressed
during hepatocatrcinogenesis """ and reexpression of
IGF-II gene has recently been described in HCC!'*". HCC
is generally considered to be a hypervascular tumor.
Although hepatic arterial embolization is widely used as an
effective treatment of HCC on the basis of hypervascul-
arization of HCC, IGF-II may play an important role in
the development of neovascularization of HCC, because
IGF-II substantially increases vascular endothelial growth
factor (VEGF) mRNA and protein levels in a time-dependent
manner in human hepatoma cells"¥. The induction of VEGF
by IGF-II was further increased by hypoxia, and IGF-I1
may be a hypoxia-inducible angiogenic factor in HCC and
stimulates the growth of HCC cells 77 vitro">'\. Park et al.,
reported that most of the cirrhotic and HCC tissues express
IGF-II". However, little is known of the circulating
IGF-1I in HCC.

In order to investigate the expression of IGF-II-mRNA
in patients with liver diseases, we analyzed IGF-II-mRNA
in tissues and peripheral blood of patients with HCC by
reverse-transcriptase polymerase chain reaction (RT-PCR),
and estimated the clinical values of circulating IGF-II mRNA
as a peripheral blood tumor marker in diagnosis, differential
diagnosis, and hematogenous metastasis of HCC.

MATERIALS AND METHODS

Patients

We studied 111 patients (100 males and 11 females)
with HCC treated at Affiliated Hospital of Nantong
University, China. The patients’ ages ranged from 25 to
80 years (median, 48.3 years). Ninety patients (81%) had a
history of cirrhosis, and 32 (29%) had a history of chronic
hepatitis. Moteover, 85.6% (95/111) had hepatitis B surface
antigen (HBsAg) cartiers, 10.8% (12/111) had antibody to
hepatitis C virus (anti-HCV, second generation antibody,
Shanghai, China) and 14.4% (16/111) antibody to hepatitis
G virus by enzyme-linked immunosorbent assay (ELISA,
Beijing, China), respectively. Other cases studied included
30 patients with chronic viral hepatitis (23 males and 7
females), 30 patients with acute hepatitis (18 males and 12
females), 25 patients with cirrhosis (16 males and 9 females),
25 patients with non-liver tumors (6 with lung cancer, 6
with gastric cancer, 3 with esophageal cancer, 3 with breast
cancer, 3 with colon cancer, 2 with cervical cancer, 2 with
pancreatic cancer), and 25 healthy individuals with hepatitis
B markers (HBsAg, HBcAb, HBV-DNA, and anti-HCV)-
negative and normal serum alanine aminotransferase (ALT)
levels from the Nantong Central Blood Bank as a control
group.

All patients were diagnosed by blood biochemical tests,
viral histology and B-ultrasonic examination. All peripheral
blood samples were collected in the morning, with anti-clot
heparin, and peripheral blood mononuclear cells were
separated immediately, according to the method as described
previously™. Serum AFP concentrations ranged from 30
to 2 600 pg/L (median, 418 pg/1) and exceeding 50 pg/L
was taken as a positive result. AFP-mRNA in peripheral blood

was also detected in this study as described elsewhere™.
The diagnosis of HCC and viral hepatitis was based on the
criteria proposed by Chinese National Collaborative Cancer
Research Group!” and the 2000 Prevention and Cure
Scheme of Viral Hepatitis®, respectively.

Tissue specimens

Fresh tissue specimens including cancerous, paracancerous,
and non-cancerous tissues were collected from 30 patients
who underwent operations for liver cancers at the Affiliated
Hospital of Nantong University, China. The tissue specimens
were immediately frozen in liquid nitrogen and kept at
-85 “C until used. The patients included 25 men and 5
women, ranging from 22 to 70 years.

Isolation of total RNA and synthesis of CDNA

Total RNAs were isolated from peripheral blood mononuclear
cells and from liver tissues by the guanidine thiocyanate
method with RNAzole reagent (Promega) and purified
as described elsewhere®!. RNAs were dissolved in
tromethamine-HCI buffer (10 mmol/L, pH 8.0) containing
EDTA 10 mmol/L. The concentration of total RNAs was
measured by optical density at 260 nm in an ultraviolet
spectrophotometer (Shimadzu UV-2201 type, Kyoto,
Japan), and calculated Plg/mg wet tissue, and it was stored
at -85 ‘C. For synthesis of cDNA, 2 g of total RNAs was
denatured in the presence of random hexamers (200 pmol/L,
Promega, Madison, WI, USA) at 95 C for 5 min and
incubated with moloney murine leukemia virus reverse-
transcriptase (GIBCO, BRL) at 23 C for 10 min, 42 'C
for 60 min and 95 ‘C for 10 min, then on ice for 5 min, and
stored at -20 ‘C for PCR analysis.

Amplification of nested polymerase chain reaction

The resulting cDNA was amplified by a nested PCR with
two pairs of primers. The oligonucleotides were designed
according to IGF-II sequence™ and synthesized with
synthesizer (Model 381 A, Applied Biosystems, Foster City,
CA, USA). The sequences of the 2 external primer pairs
used for the initial PCR amplification were IGF-1I-1(sense),
5-ATGGGAATGCCAATGGGGAAG-3’ (nt 251-271)
and IGF-II-2(antisense), 5-CTTGCCCACGGGGTATC-
TGGG-3’ (nt 566-586), the size of amplified gene fragment
was 336 bp. The sequences of the two internal primer pairs
used for the second PCR amplification were IGF-II-3
(sense), 5-TGCTGCATTGCTGCTTACCG-3’ (nt 311-330)
and IGF-1I-4 (anti-sense), 5~ AGGTCACAGCTGCGG
AAACA-3 (nt 461-480). PCR amplification consisted of
initial denaturation at 94 ‘C for 5 min, followed by
94 C for 255,55 ‘C for 30 s, and 72 C for 90 s for
30 cycles. The final product of nested PCR was 170 bp.
Human glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) genome!! was used as a control. Primer sequence
for GAPDH was GAPDH-1 (sense), 5~ ACCACAGT-
CCATGCCATCAC-3 (nt 601-620) and GAPDH-2
(antisense), 5>-TCCACCACCCTGTTGCTGT A-3’
(nt 1 033-1 052), the product of PCR was 452 bp (GAPDH
gene transcript, 40 pmol/L). The PCR products were
electrophoresed on 2% agarose gels with ethidium bromide
staining. The fragment sizes were evaluated using PCR
markers (Promega) as molecular weight standards.
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Sequencing of PCR products

The 170 bp amplified product of human IGF-II genome
was purified with the Montage PCR centrifugal filter devices
(Millipore, MA, USA) according to the instruction of
protocol. One microgram DNA was used for preparation
of sequencing reaction and directly sequenced using the
MegaBACE DNA analysis system in MegaBACE DNA
sequencer with the DYEnamic ET Dye Terminator Cycle
Sequencing Kit (Amersham Biosciences, NJ, USA), following
their protocol. The sequences were edited using the MegaBACE
Sequence Analyzer Version 3.0 program (Amersham
Biosciences) and aligned with the amplified sequences of
IGF-II genome, HCC tissue and circulating IGF-II.

Detection of serum free IGF-Il protein level

The levels of serum free IGF-11 protein in patients with chronic
diseases were detected by an enzymatically amplified two-step
sandwich-type immunoassay (ACTIVE™ Free IGF-II ELISA,
TX). In this assay, standards, controls and serum samples wete
incubated in microtitration wells, which had been coated with
anti-IGF-II antibody. After incubation and washing, the wells
wete treated with another anti-free IGF-II detection antibody
labeled with the enzyme horseradish peroxidase (HRP).
After a second incubation and washing step, the wells were
incubated with the substrate tetramethylbenzidine (TMB).
An acidic stopping solution was then added and the degree
of enzymatic turnover of the substrate was determined by
dual wavelength absorbance measurement at 450 nm and
620 nm. The absorbance measured was directly
proportional to the concentration of free IGF-II present.
A set of free IGF-II standards was used to draw a standard
curve of absorbance ss free IGF-1I concentration from which
the free IGF-II concentrations in the serum samples can be
calculated according to the ELISA routine method.

Statistical analysis

All patients were divided into six groups: HCC, acute
hepatitis, chronic hepatitis, cirrhosis, extrahepatic tumor, and
normal subjects. Hepatoma tissues were divided into three
groups: cancerous, para-cancerous and non-cancerous
tissues. Results are expressed as mean®SD. Differences
between different groups were assessed by the Student’s #
test ot the % test. P<0.05 was considered to be significant.

RESULTS

Amplification of IGF-Il mRNA and sensitivity of detection

The fragments of IGF-II genome were amplified by a nested
PCR assay from human hepatoma tissues and circulating
blood of patients with HCC (Figure 1). The sizes of amplified
fragments were identical to the original designed ones,
which were 336 bp in single-step PCR, and 170 bp in
nested-PCR. Differences between single-step PCR and
nested PCR for amplified IGF-II mRNA were compared
in 111 peripheral blood samples. The detecting frequency
of IGF-II-mRNA was 6.3% (7/111) by single-step PCR
and 34.2% (38/111) by nested-PCR. The incidence of
nested PCR for IGF-II mRNA amplification was
significantly higher than that in single-step PCR (P<0.05).
Total RNAs (2 mg/L) extracted from hepatoma tissues were

diluted 10-10"® times and amplified by nested-PCR, and
the lowest sensitivity of the assay was 2 ng/L of total RNA
(Figure 1A). The positive fragments of IGF-II genome were
found distinctly from HCC tissues or peripheral blood of
patients with HCC (Figure 1C) and could not be detected
from non-cancerous tissues of HCC patients or from
peripheral blood of patients with acute hepatitis, chronic
hepatitis, liver cirrhosis, and extrahepatic tumors. By
sequence analysis, the nucleotide homologies of amplified
IGF-II gene fragments from HCC tissue and peripheral
blood were identical to the cited sequence of human
IGF-1I genome (Figure 2)*.

A 108 107 10 105 10* 103 107

170 bp
B
GAPDH 452 bp
C
IGF-II 170 bp

Figure 1 Amplification of IGF-II genomes from human hepatoma tissues or
circulating blood samples of patients with hepatocellular carcinoma. IGF-Il mRNAs
were synthesized according to IGF-Il cDNA with random hexamers and moloney
murine leukemia virus reverse-transcriptase, and detected with different primer
pairs by nested PCR (170 bp). The positive fragments of IGF-Il genome were
found distinctly in hepatoma tissues or in peripheral blood of patients with
hepatocellular carcinoma. A: the sensitive limitation of our detection system
(2 ng/L), using total RNA with 102-10° fold dilution and then amplified by nested
PCR; B: the amplified fragments (452 bp) of glyceraldehyde-3-phosphate
dehydrogenase genome from liver tissues or peripheral blood as controls; C:
the amplification of IGF-Il genomes in liver tissues (No. 1-4) or circulating blood
(No. 5-6). No. 1-2, the positively amplified fragments of IGF-Il mMRNA from
cancerous tissues of patients with hepatocellular carcinoma; No. 3, the positively
amplified fragments of IGF-Il mRNA from para-cancerous tissue of patients
with hepatocellular carcinoma; No. 4, no positively amplified fragment from
non-cancerous tissue of patients with hepatocellular carcinoma; No. 5, no
positively amplified fragment from circulating blood of patients with liver cirrhosis,
and No. 6, the positively amplified fragment from peripheral blood of patients
with hepatocellular carcinoma. GAPDH: glyceraldehyde-3-phosphate
dehydrogenase. M: DNA molecular weight marker.

311 360
Origin tgctgcattg ctgcttaccg ccccagtgag accctgtgeg gcggggaget
I;gpatoma --------------------------------------------------

Origin ggtggacacc ctccagttcg tctgtgggga ccgeggctte tacttcagea
I;gpatoma --------------------------------------------------

411 460
Origin ggcccgcaag ccgtgtgage cgtcgecagece gtggcategt tgaggagtge
Hepatoma ---------= oo o ek e
PB  mmmmmmmmmm mmmmmmmmen mmmmmmmmon mmmmemmeon mmmmoeeees
461 480
Origin tgtttccgca gctgtgacct
Hepatoma ---------- ----------
=

Figure 2 Alignment of nucleotide sequences of the amplified fragments of IGF-II
genome from cancerous tissue or circulating blood in patients with HCC by
sequence analysis. Origin: the cited sequence (170 bp, nt 311-480) of human
IGF-1l genome ?; Hepatoma: the amplification fragment of IGF-II genome from
human hepatoma tissue; PB: the amplified fragment of peripheral blood IGF-II
genome from patients with hepatocellular carcinoma.
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Expression of total RNA and IGF-Il mRNA in HCC

Different expression of total RNA was found in different
parts of HCC tissues. The total RNA concentrations were
significantly lower in HCC tissues than in self-control
surrounding tissues (P<0.05) or non-cancerous tissues
(P<0.01), respectively (Table 1). However, the expression
of IGF-II mRNA amplified by nested-PCR was 100% in
cancerous tissues, 53.3% in its surrounding tissues, and 0%
in its non-cancerous tissues, respectively. The positive
frequencies of IGF-II mRNA in HCC tissues or its para-
cancerous tissues were significantly higher than those in its
non-cancerous tissues (P<0.01), respectively.

Table 1 Alterations of total RNA (mean+SD) and amplification of
IGF-1Il mRNA in cancerous, para-cancerous, and non-cancerous liver
tissues

IGF-1l mMRNA
Groups n Total RNAlevel ——————
(ug/mg wet tissue)  Positive %
Cancerous tissues 30 13.4+8.4 30 100
Para-cancerous tissues 30 20.7+14.6* 16 53.3°
Non-cancerous tissues 30 25.0+20.2° 0 0°

3P<0.05, "P<0.01 vs the cancerous tissue group.

Circulating free IGF-II level in patients with chronic liver
diseases

The levels of serum free IGF-1I protein in patients with
chronic liver diseases were investigated in this study, and
the results are shown in Table 2. Of the 166 cases with
chronic liver disease, the level of circulating free IGF-II
protein was significantly higher (P<0.01) in HCC patients
(75.7%, 84/111) than in patients with liver cirrhosis (28%,
7/25) or with chronic hepatitis (26.7%, 8/30). Also, the
levels of serum AFP in patients with HCC (64.9%, 72/111)
were significantly higher (P<0.01) than in patients with liver
cirrhosis (36%, 9/25) or with chronic hepatitis (23.3%, 7/30).

Table 2 Levels of serum free IGF-1I and AFP in patients with chronic
liver diseases

Free IGF-II (ug/L) AFP (ug/L)
Groups n
mean+SD >6.0 (%) mean+SD >50 (%)
CH 30 41424 8(26.7) 32.0+23.7 7(23.3)
LC 25 5.5+1.7 7 (28.0) 34.7+£39.8 9 (36.0)
HCC 111 6.7+1.8 84 (75.7)° 417542741 72 (64.9)°

mRNA could be detected in patients with benign liver
diseases, extrahepatic tumors, and normal controls,
respectively. The incidence of circulating IGF-II mRNA
was lower than that of AFP mRNA in patients with HCC,
but it was a more specific circulating marker for HCC
diagnosis. Of the 111 cases with HCC, both of AFP mRNA
and IGF-II mRNA were detected in 28 patients (25.2%,
28/111), and only 27.0% of HCC cases were positive for
AFP mRNA (30/111) or only IGF-II mRNA was detected
in 10 patients (9%, 10/111). The combined analysis of
circulating AFP mRNA and IGF-II mRNA was useful for
diagnosis and differential diagnosis of HCC.

Table 3 Analysis of IGF-1I-mRNA and AFP-mRNA in peripheral blood
of patients with different liver diseases or non-liver tumors

IGF-Il mRNA AFP mRNA Both

Groups n

Positive % Positive % Positive %
HCC 111 38 34.2 58 52.3 68 61.3
LC 25 0 o 5 20.0° 5 20.0°
CH 30 0 o 2 6.7° 2 6.7°
AH 30 0 o 0 o 0 o°
ET 25 0 ol 0 o° 0 o°
NC 25 0 o 0 o° 0 o°

P<0.01 vs the hepatocellular carcinoma group. HCC: hepatocellular carcinoma;
LC: liver cirrhosis; CH: chronic hepatitis; AH: acute hepatitis; ET: extrahepatic
tumor; NC: normal control.

Circulating IGF-Il mRNA in HCC metastasis

Of the 111 patients with HCC, the relationship between
circulating IGF-IT mRNA and HCC stages and metastasis
is analyzed in Table 4. The fragments of circulating IGF-II
mRNA could be detected in any stage of HCC development.
No significant differences of IGF-II mRNA were found
between HCC stage I and II. The incidence of IGF-I1
mRNA in HCC stage IIT was 45.5% (30/66), significantly
higher than that in early-stage (stage 1 or II) HCC. The
fragments of IGF-II mRNA could be detected in all HCC
patients with extrahepatic metastasis (100%). However, no
significant difference of peripheral blood IGF-II mRNA
was found between HCC with intra-hepatic metastasis and
without intra-hepatic metastasis (P>0.05).

Table 4 Relationship between peripheral blood IGF-1l mRNA or AFP
mRNA and HCC stage or metastasis

®P<0.01 vs the chronic hepatitis group or the liver cirrhosis group. HCC:
hepatocellular carcinoma; LC: liver cirrhosis; CH: chronic hepatitis.

Detection of circulating IGF-Il mRNA in HCC

Amplification of IGF-II mRNA in peripheral blood of
patients with liver diseases or with extrahepatic tumors in
comparison with AFP mRNA is shown in Table 3. Although
the serum free IGF-1I level increased in patients with chronic
hepatitis or with liver cirrhosis, the circulating IGF-11
mRNAs only were detected in HCC patients. The frequency
of peripheral blood IGF-II mRNA was 34.2% in patients
with HCC, no amplified fragments of circulating IGF-II

IGF-1l MRNA AFP mRNA
Groups n
Positive % Positive %
HCC Stage | 14 2 14.3* 5 35.72
Stage Il 31 6 19.42 8 25.82
Stage IlI 66 30 455 47 71.2
Intra-hepatic metastasis
With 67 27 40.3 44 65.7°
Without 44 11 25.0 18 40.9
Extrahepatic metastasis
With 13 13 100° 13 100°
Without 98 25 255 53 54.1

2P<0.05 vs the HCC stage Il group. ®P<0.01, °P<0.05 vs the non-metastasis
group. HCC: hepatocellular carcinoma.
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Circulating IGF-Il mRNA with AFP level and tumor size

We divided the 111 HCC patients into two groups according
to serum AFP level: the positive frequency of circulating
IGF-II mRNA fragment was 35.3% (6/17) in cases with
AFP less than 50 pg/L, and 34.0% (32/94) in cases with
AFP more than or equal to 50 Hg/L, without significant
differences between the two groups (P>0.05). In addition,
we found that the incidence of peripheral blood IGF-11
mRNA was 31.8% (7/22) in cases with diameters of tumor
less than 5 cm, and 34.8% (31/89) in cases with diameters
of tumor more than or equal to 5 cm, respectively.

DISCUSSION

Hepatocellular carcinoma is one of the most common forms
of malignant cancer with the 4™ highest mortality rate
worldwide. Major risk factors for the development of
HCC include chronic infections with hepatitis B or C virus,
alcohol consumption, exposure to dietary aflatoxin B1,
hereditary liver disease or liver cirrhosis of any etiology®?.
Recent studies have discovered changes in the IGF axis
that affect the molecular pathogenesis of HCC, including
the autocrine production of IGFs, IGF binding proteins
(IGEFBPs), IGFBP proteases, and IGF receptor expression.
Characteristic alterations detected in HCC and hepatoma
cell lines comprise the overexpression of IGF-1I and
IGF-I receptor emerging as critical events in malignant
transformation and growth of tumors?®'. IGF-II is a
polypeptide hormone secreted by many organs of the fetus.
Very little information is available on the expression of
IGF-II mRNA in HCC. In the present study, the total RNA
levels and IGF-II mRNA in different parts of HCC tissues,
the expression of peripheral blood IGF-II mRNA, and the
level of serum free IGF-II protein were investigated in
patients with various liver diseases.

The sinusoidal cells in para-cancerous cirrhotic nodule
tissues and the malignant hepatocytes in HCC tissues
expressed IGF-II. As we know, liver cirrhotic nodules are
the precancerous lesion of HCC, so it is suggested that, in
the precancerous condition, IGF-II mediated hepatocyte
proliferation mainly via IGF1R by a paracrine mechanism.
IGF-II mRNA was distributed in the cytoplasm of
hepatocytes and overexpressed in HCC tissues® . IGF-11
could be sectreted by hepatoma cells themselves and stimulate
their proliferation via an autoctine mechanism™-". In order
to analyze IGF-II expression, the fragments of IGF-11
genome in HCC tissues were amplified by the sensitive
nested PCR and confirmed by analysis of IGF-II sequences.
Although different expression levels of total RNA were
found in different parts of HCC tissues, the expression of
IGF-II mRNA was detected in all of HCC tissues, half in its
para-cancerous cirrhotic tissues, and none in its non-cancerous
tissues (Table 1), respectively. Some differences in RNA level
between tumor and cirrhotic tissues were quite informative.

The observations that HCC cells expressed less IGF-1
than control liver cells, whereas IGF-II expression was higher
in a high proportion of HCC cellsP'*, are consistent with
previous reports®* which showed that IGF-I mRNA levels
were lower in HCC as compared with adjacent non-tumorous
hepatic tissue, whereas IGF-II mRNA was higher in tumor
tissues compated with normal liver tissues. The molecular

mechanisms responsible for reduction in IGF-I and
reactivation of IGF-II in HCC remain to be determined.
These results support growth factor-dependent HCC
development and provide novel prognosis markers after
HCC surgery.

IGFs are potent autocrine and paracrine mitogens for
liver cancer cell proliferation, and their bioactivity is reduced
by IGFBP-3. Human embryonic liver cell lines expressed
IGF-II also, suggesting that hepatoma cells may regain
some embryonic development characteristics like AFP
secretion™. A smaller proportion of IGF-II is associated
with other IGFBPs, while less than 5% of IGF-II exists as
unbound or free IGF-II that is believed to be the biologically
active fraction of IGF-1IP"), capable of binding the type 2
IGF receptotP. IGF-II present in the ternaty complex is
not easily dissociated, however IGF-II contained in low
molecular weight binding complexes has a rapid turnover
and may be the source of much of the detected free
IGF-II. The levels of serum free IGF-II protein were
significantly higher in HCC group than those in liver cirrhosis
or in chronic hepatitis group (Table 2). The data indicated
that serum free IGF-II secreted from HCC cells may act as
an angiogenic factor for the hypervascularization of HCC.

Serum AFP is a diagnostic marker of HCC, but its
significance in the early diagnosis of HCC is unclear and
the positive rate is not high®*". The fragments of peripheral
blood IGF-II mRNA were amplified by PCR and its clinical
significances in patients with liver diseases were analyzed in
the present study (Table 3). Although the serum free IGF-II
level increased in patients with chronic hepatitis or liver
cirthosis, the circulating IGF-II mRNA only was detected
in HCC patients. The frequency of IGF-II mRNA was not
so high in patients with HCC, yet it was more specific (100%)
for HCC diagnosis than that of peripheral blood AFP
mRNA. No amplified fragments of circulating IGF-11
mRNA could be detected in patients with benign liver
diseases, extrahepatic tumors, and normal controls. The
fragments of circulating IGF-II mRNA could be detected
in all HCC patients with extrahepatic metastasis (100%),
and like circulating AFP mRNA, could provide markers of
severity and prognosis after HCC resection. The analyses
of peripheral blood AFP-mRNA and IGF-II mRNA were
more specific and more sensitive tumor markers for detecting
and monitoring a few of circulating HCC hepatocytes.

In conclusion, the present data indicate that the expression
levels of IGF-II mRNA were different in different parts of
HCC liver tissues, and IGF-II mRNA could only be detected
in peripheral blood of HCC patients. The frequency of
circulating IGF-II mRINA and its diagnostic value increased
with clinical stage of HCC and with distant metastases of HCC.
The circulating IGF-II mRNA could be a useful molecular
marker for HCC diagnosis, especially in monitoring extrahepatic
metastases of tumor cells. Further studies will allow us to
quantitate IGF-II mRNA in liver tissues and peripheral
blood, and to explore the molecular mechanisms responsible
for reactivation of IGF-II in development of HCC.
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