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• LIVER CANCER •
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Abstract
AIM: To investigate the serum level and expression of insulin
growth factor II (IGF-II) in liver tissues of rats with early
experimental hepatocellular carcinomas (HCC) and its
significance in early diagnosis.

METHODS: Early experimental hepatocellular carcinomas
were induced by diethylnitrosamine (DENA) in 180 male SD
rats. Another 20 male SD rats served as control. The IGF-II
serum level was measured by ELISA. Immunohistochemistry
and electron microscopic immunohistochemistry were used
to observe the expression of IGF-II in normal and tumor
liver tissues and its ultrastructural location in malignant
hepatocytes. The expressions of IGF-II in human hepatoma
cell lines HepG2, SMMC7721 and human embryonic liver
cell line L-02 were measured by immunocytochemistry. IGF-
II mRNA level was studied by in situ hybridization.

RESULTS: IGF-II was expressed in the cytoplasm of both
sinusoidal cells in paracancerous cirrhotic liver tissue and
malignant hepatocytes in early experimental HCC tissues.
Gold particles were seen on the rough endoplasmic reticulum
and the mitochondrion in malignant hepatocytes. IGF-II was
expressed in the human hepatoma cell lines. The mRNA
level of IGF-II was higher in rat liver tumor tissue than in
normal rat liver tissue. The serum IGF-II level of the early
experimental HCC group was 34.67±10.53 ng·ml-1 and that
of the control group was 11.75±5.84 ng·ml-1. The rank sum
test was used for statistical analysis. There was a significant
difference between the two groups (P<0.01).

CONCLUSION: During the induction of early experimental
HCC by DENA, IGF-II may promote hepatocytic proliferation
via a paracrine mechanism in the pre-cancerous stage. When
hepatocytes are transformed into malignant cells, they may
secrete IGF-II and promote malignant cell proliferation by
an autocrine mechanism. IGF-II may be a possible biological
marker in the early diagnosis of HCC.
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INTRODUCTION
IGF-II is a 67-amino-acid polypeptide growth factor which is
mainly produced by liver cells and is crucial in normal fetal
growth[1-2]. The main researches about the relationship between
IGF-II and HCC have been focused on: (1) the mechanism of
IGF-II in the development of HCC[3-6], (2) to decrease the
expression of IGF-II searching the treatment mothods for
HCC[7-9], and (3) its prognostic significance[10]. Although IGF-
II is believed to be implicated in normal and neoplastic liver
growth, the mechanism of IGF-II in early hepatocellular
carcinomas development and its significance in the early
diagnosis of such cancer are unclear. So we used ELISA,
i m m u n o h i s t o c h e m i s t r y ,  e l e c t r o n  m i c r o s c o p i c
immunocytochemistry and in situ hybridization to search for
possible answers to the questions.

MATERIALS AND METHODS
Animal model and tissue preparation
180 male SD rats were given DENA (diethylnitrosamine), once
every week for 17 weeks in a dose of 70 mg/kg, to induce
early experimental HCC. In the control group, 20 male SD
rats were maintained on a standard laboratory diet and tap
water. From the 4th week, 2 random experimental rats were
sacrificed at the end of every week for pathological study of
their livers. The remainder were killed at the 17th week for
study. Sera were collected and stored at -70 . Liver tissues
were fixed in 40 ml·L-1 paraformaldehyde or 40 ml·L-1

paraformaldehyde containing 5 ml·L-1glutaraldehyde for light
and electron microscopic studies.

Cell lines culture
Human hepatoma cell lines HepG2 and SMMC7721, and
human embryonic liver cell line L-02 (Wuhan University Cell
Center) in PRMI 1640 (GIBCO), with 100 ml·L-1 fetal calf
serum (GIBCO), and 37 , 50 ml·L-1 CO2.

ELISA detection for the serum level of IGF-II
100 ul of goat anti-IGF-II polyclonal antibody (Santa Cruz
Co.) (25 ug/ml in 0.1 mol/L NaHCO3) was put into each well
of a 96-well ELISA plate, and incubated for 36 hours at 4 .
Nonspecific protein binding was blocked by 100 ul, 10 ml·L-1

bovine serum albumin. Then 100 ul of sera of rat and
recombinant human IGF-II (Pepro Tech Co.) were separately
added to the wells, 1 hour at 37 . The 100 ul of Rabbit anti-
IGF-II polyclonal antibody (Santa Cruz Co.) (1:200 dilution)
was added to the wells, 1 hour at 37 . HRP-conjugated goat
anti-rabbit immunoglobulin (Southern Biotech Co.) (1:2 000
dilution), 100 ul, 1 hour at 37 . Binding was developed with
ortho-phenylene diamine. Absorbance was read at 490 nm.
During the performance, washing the plate was according to
the ELISA routine method.

Immunohistochemical detection for IGF-II expression in early
experimental HCC tissues
Immunohistochemical detection was made using rabbit anti-
IGF-II polyclonal antibody (Santa Cruz Co.) by SABC
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technique. The experiment was performed following the
manufacturer’s recommendation of the SABC kit (Beijing
Zhongshan Bioech Co.).

Immunocytochemical detection for IGF-II expression in
human cell lines
Human hepatoma cell lines HepG2 and SMMC7721 and
human embryonic cell line L-02 were cultivated to let them
climb on coverslips, which then fixed in acetone at -20  for
10 minutes. The antibody, SABC kit and experimental method
were the same as those for the immunohistochemical detection.

Electron microscopic immunocytochemistry for IGF-II
ultrastructural location in malignant hepatocytes
Early experimental HCC tissues were cut into 500 nm ultrathin
sections, and the sections were etched in 10 % hydrogen
peroxide solution for 10 minutes at room temperature. After
the grids were drained, the sections were placed into 40 ml·L-1

BSA solution, and then were treated overnight at 4  with
rabbit anti-IGF-II polyclonal antibody (1:50 dilution). The
sections were incubated with colloidal gold (5 nM) conjugated
goat anti-rabbit IgG (Wuhan Best Co.) (1:40 dilution), 37 ,
10 minutes. The sections were examined with a transmission
electron microscopy after counter staining. The solution for
diluting antibody replacing the rabbit anti-IGF-II polyclonal
antibody for those sections served as the negative control.

In situ hybridization detection for IGF-II mRNA level in early
experimental HCC tissues
IGF-II in situ hybridization kit was purchased from the Wuhan
Best Co. The experiment was conducted according to the
manual of the kit.

Statistical analysis
SAS software and Rank Sum Test were used for statistical
analysis.

RESULTS
Microscopic observation and histopathological examination
In the DENA group, the liver surfaces were covered with
scattered small white nodules in the 4th week. In the 17th week,
the diameter of the largest nodule was 8 mm. These rats were
diagnosed as having early experimental hepatocellular
carcinomas. The rat livers in the control group showed no
pathological changes.

IGF-II serum level of early experimental HCC
The mean ± standard deviation of IGF-II serum level was
34.67±10.53 ng·ml-1 in the DENA group and 11.75±5.84 ng·ml-1

in the control group. There was significant difference between
the two groups (P<0.01).

Expression of IGF-II in early experimental HCC tissues
Strong immunostaining of IGF-II was seen in the cytoplasm
of sinusoidal cell in paracancerous cirrhotic tissues (Figure 1)
and the malignant hepatocytes in HCC tissues. Only a few
hepatocytes in paracancerous tissues had weakly positive
expression. In the control group, however, the liver tissues
showed no positive results.

Expression of IGF-II in human cell lines
Human hepatoma cell lines HepG2 and SMMC7721 and
human embryonic liver cell line L-02 all expressed IGF-II.
The positive immunolocalization of the three cell lines was in
the cytoplasm. SMMC7721 cell line showed the most strongly
positive immunostaining (Figure 2).

Figure 1  IGF-II expression in the cytoplasm of sinusoidal cells
in the paracancerous cirrhotic tissues. Immunohistochemical
staining, ×200.

Figure 2  IGF-II expression in the cytoplasm of SMMC7721 cell
line. Immunocytochemical staining, ×200.

Figure 3  Colloidal gold particles in rough endoplasmic reticu-
lum (⇑), mitochondrion ( ), nucleus and paranuclear region
( ). Electron microscopic immunocytochemical staining for
IGF-II, ×16 000.

Figure 4  Expression of IGF-II mRNA in the cytoplasm of ma-
lignant hepatocytes. In situ hybridization, ×200.



Ultrastructural localization of IGF-II in malignant hepatocytes
of early experimental HCC tissues
Electron microscopic immunocytochemistry confirmed the light
microscopic findings. Gold particles were seen in the rough
endoplasmic reticulum, mitochondrion and the paranuclear
region of malignant hepatocytes. A few gold particles were found
in the nuclei of malignant hepatocytes (Figure 3). The negative
control sections did not show positive results.

IGF-II mRNA level in early experimental HCC tissues
IGF-II mRNA was distributed in the cytoplasm of hepatocytes
in the tissues of early experimental HCC, and IGF-II mRNA
was overexpressed in HCC tissues (Figure 4).

DISCUSSION
Among the many growth factors, the insulin-like growth factor,
transformation growth factor-α and hepatocyte growth factor
are mostly strongly implicated in normal and neoplastic liver
growth[11-17]. IGF-II exerts its effect via two specific high affinity
receptors, IGF1R and M6P/IGF2R, in paracrine and autocrine
manner[18-22]. IGF1R is a transmembrane glycoprotein which
exists on the surface of hepatocytes with an intracellular
tyrosine kinase domine. M6P/IGF2R is a single chain
polypeptide associated with a G-protein signal pathway. In the
present study, it has clearly been shown that: (1) the sinusoidal
cells in paracancerous cirrhotic nodule tissues expressed IGF-
II; (2) the malignant hepatocytes in rat early experimental HCC
tissues expressed IGF-II. As we know that liver cirrhotic
nodules are the pre-cancerous condition of HCC[23], so it is
clearly suggested that, in the pre-cancerous condition, IGF-II
mediated hepatocyte proliferation mainly via IGF1R by a
paracrine mechanism. However, after the hepatocytes were
transformed into malignant cells, they could secrete IGF-II
themselves, suggesting that IGF-II mediated malignant
hepatocytes proliferation in an autocrine manner at that time
and that M6P/IGF2R might be involved. Although several
reports have shown that M6P/IGF2R protein and mRNA level
were reduced and that the M6P/IGF2R gene had loss of
heterozygosity in HCC[24,25], Gomez-Angelats and Wada
reported that no mutation was found in the M6P/IGF2R gene
in the model of rat hepatocarcinogenesis and human HCC[26,27].
By electron microscopic immunocytochemistry, we found that
IGF-II existed in the mitochondria of malignant hepatocytes.
M6P/IGF2R is a G-protein receptor which is closely related to
mitochondrion. So we favor Gomez-Angelats’ view that M6P/
IGF-II was in an activated condition in the process of rat
hepatocarcinogenesis.
     Human hepatoma cell lines HepG2 and SMMC7721
expressed IGF-II strongly. This fact confirms the above
postulate in another aspect, i.e., IGF-II could be secreted by
malignant hepatocytes themselves and stimulate their
proliferation via an autocrine mechanism. Human embryonic
liver cell line L-02 expressed IGF-II too, suggesting that
hepatoma cells may regain some embryonic development
characteristics, like α-FP secretion.
       α-FP is a diagnostic marker of HCC, but its significance
in the early diagnosis of HCC is unclear and the positive rate
is not high[28-30]. In our research, the serum IGF-II level in the
rat early experimental HCC group was significantly higher than
that of the control group. IGF-II is a polypeptide hormone
secreted by many organs of the fetus. After birth, however, it
is mainly produced by liver cells[31,32]. We may postulate that,
in rat early experimental HCC, extrahepatic organs may regain
the ability to secrete IGF-II and that their intrahepatic cells express
IGF-II more strongly than those in normal condition[33,35]. These
might be the main reasons for the increase in serum IGF-II
level. Hayakawa  reported that the serum level of IGF-II was

significantly lower in primary hepatocellular carcinomas than
in control[36], but we haven’t found any report on the serum
IGF-II level in early HCC. So it is possible that serum IGF-II
level increases temporarily in early HCC and then decreases
gradually in the process of HCC development, IGF-II maybe
a biological marker in the early diagnosis of HCC.
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