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Insulin-like growth factor binding protein-3 (IGFBP-3) modulates cell
proliferation of various cancer cell types. However, it remains
unclear how IGF–IGFBP-3-signaling is involved in growth and
progression of hepatocellular carcinoma (HCC). The aim of the
present study was to evaluate the role of IGFBP-3 in HCC. Type 1
receptor for IGF (IGF-1R) was expressed at various levels in the
seven lines examined, but IGF-2R was not expressed. Of the seven
lines, the growth of HAK-1B, KIM-1, KYN-2 and HepG2 cells was
stimulated in a dose-dependent manner by the exogenous addition
of IGF-I or IGF-II, but the HAK-1A, KYN-1 and KYN-3 cell lines showed
no growth. Exogenous addition of IGFBP-3 markedly blocked IGF-I
and IGF-II-stimulated cell growth of KYN-2 and HepG2 cells, and
moderately stimulated that of KIM-1 and HAK-1B cells, but no
growth of the KYN-1, KYN-3 and HAK-1A cell lines was observed.
IGF-I enhanced the phosphorylation of IGF-1R, Akt and Erk1/2 in
KYN-2 cells, and coadministration of IGFBP-3 blocked all types of
activation by IGF-I investigated here. In contrast, no such activation
by IGF-I was detected in KYN-3 cells. IGFBP-3 also suppressed
IGF-I-induced cell invasion by KYN-2 cells. Moreover, we were able
to observe the apparent expression of IGFBP-3 in KYN-3 cells, but
not in the other six cell lines. Furthermore reduced expression of
IGFBP-3, but not that of IGF-1R, was significantly correlated with
tumor size, histological differentiation, capsular invasion and portal
venous invasion. Low expression of IGFBP-3 was independently
associated with poor survival. IGFBP-3 could be a molecular target
of intrinsic importance for further development of novel therapeutic
strategy against HCC. (Cancer Sci 2006; 97: 1182–1190)

Hepatocellular carcinoma (HCC) is one of the most common
and aggressive malignant tumors worldwide. The long-

term prognosis of HCC patients has remained unsatisfactory due
to the high incidence of intrahepatic recurrence, which depends
on portal venous invasion and the high incidence of intrahepatic
metastasis, as well as multicentric development of new tumors.(1,2)

Moreover, our understanding of the molecular mechanisms
underlying the progression of HCC and the development of
effective therapeutic targets remain to be studied in further
detail.

One candidate among the many growth factors that are closely
associated with growth of HCC cells is insulin-like growth factor
(IGF).(3) The biological effects of IGF are mediated via type 1
IGF receptor (IGF-1R), which leads to activation of the mitogen-
activated protein kinase (MAPK) signaling pathway involved in
cell growth and metabolism.(4,5) Mutation of another type 2 receptor
(M6P/IGF-2R) and upregulation of IGF-II are expected to be
responsible for the early stages of human hepatocarcinogenesis.(6,7)

However, it remains unclear how the IGF system is involved in

the progression of HCC. IGF are known to bind to IGF binding
proteins (IGFBP), which regulate activity and function of IGF.(8)

IGFBP-3 is the most abundant IGFBP that is present in
non-cancerous liver tissues and serves as a negative regulator of
cell proliferation in human HCC.(9–12) IGFBP-3 is also known
to regulate cell growth independently of its effects on IGF-
stimulated growth in other types of malignancy.(13–16)

In our present study, we investigated how IGFBP-3 exerts its
antiproliferative effects on HCC cell lines in culture, and using
immunohistochemical analyses we further examined whether or
not the expression of IGFBP-3 in human clinical samples is
associated with the clinicopathological characteristics of HCC.
We discuss plausible roles of IGFBP-3 in the IGF-dependent
and -independent cell proliferation of HCC, and also the clinical
significance of IGFBP-3 in patients with HCC.

Materials and Methods

Cell culture and reagents. HAK-1A, HAK-1B, KIM-1, KYN-1,
KYN-2 and KYN-3 were established at Kurume University
(Kurume, Japan) as described previously.(17–21) HepG2 was
purchased from American Type Culture Collection (Manassas,
VA, USA). These cell lines were grown in Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with 10% fetal bovine
serum. Human IGF-I (hIGF-I), hIGF-II and hIGFBP-3 were
purchased from R&D systems (Minneapolis, MN, USA).
Anti-IGF-1Rα, antiphospho-IGF-1R, anti-IRS-1, anti-PKB/Akt,
antiphospho-PKB/Akt, anti-Erk and antiphospho-Erk were obtained
from Cell Signaling (Beverly, MA, USA). Anti-IGFBP-3 was
from Santa Cruz (Santa Cruz, CA, USA). Anti-glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) was purchased from
TREVIGEN (Gaithersburg, MD, USA).

Western blotting. Western blotting was carried out as described
previously.(22) Briefly, cells were lysed in a lysis buffer (pH 7.4)
containing 20 mM Tris-HCl, 1% Triton X-100, 50 mM each of
NaCl and NaF, 5 mM ethylenediaminetetraacetic acid, 1 mM
Na3VO4, 1 mM phenylmethylsulfonylfluoride and 10 µg/mL
each of aprotinin and leupeptin. The lysates were separated by
sodium dodecylsulfate–polyacrylamide gel electrophoresis, and
then transferred to a nitrocellulose membrane.

Small interfering RNA transfection. The small interfering RNA
(siRNA) corresponding to nucleotide sequences of IGF-1R
(5′-GCAUCGAACUCCUCUUCUCAGUUAA-3′) and IGFBP-3
(5′-AAUCAUCAUCAAGAAAGGGCAUU-3′)(23) were purchased
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from Invitrogen (Carlsbad, CA, USA) and QIAGEN (Valencia,
CA, USA), respectively. A negative control siRNA was obtained
from Invitrogen. siRNA duplexes were transfected using Lipofec-
tamine 2000 and Opti-MEM medium (Invitrogen) according to
the manufacturer’s recommendations.

Real-time quantitative polymerase chain reaction. The extraction
of total RNA was carried out using TRIsol solution (Life
Technologies, Grand Island, NY, USA). Real-time quantitative
polymerase chain reaction (PCR) was carried out using the
Real-Time PCR system 7300 (Applied Biosystems, Foster
City, CA, USA) as described previously.(24) In brief, the PCR
amplification reaction mixtures (20 µL) contained cDNA, primer
pairs, dual-labeled fluorogenic probe and TaqMan Universal
PCR Master Mix. The primer pairs and probe were obtained
from Applied Biosystems. The relative gene expression for each
sample was determined using the formula:

2 −∆Ct = 2Ct(GAPDH)−Ct(IGF-1R),

which reflected the IGF-1R gene expression normalized to
GAPDH levels.

Cell proliferation assay. Aliquots of medium containing
3.0 × 103 cells were seeded into a 96-well plate. The following
day, the medium was replaced with serum-free DMEM medium
with or without IGF. The plate was then treated for 72 h
before the addition of WST-8 (2-[2-methocy-4-nitrophenyl]-
3-[4-nitrophenyl]-5-[2,4-disulfophenyl]-2H-tertrazolium) and
absorbance recorded at 450 nm.

Quantification of IGFBP-3 in conditioned medium. The concentration
of IGFBP-3 in conditioned medium from the HCC cell lines
was measured using a commercially available enzyme-linked
immunosorbent assay (ELISA) kit (R&D systems). The cells
were suspended at a density of 3.0 × 103 cells/mL in 48-well
plates and the suspensions were then cultured for 16 h. The
supernatant was replaced with fresh medium after 24 h.

Matrigel invasion assay. This assay carried out as described
previously.(25) In brief, BD BioCoat Matrigel Invasion Chambers
(BD Bioscience, Bedford, MA, USA) were used according to
the manufacturer’s instructions. KYN-2 cells (1 × 105) in serum-
free DMEM containing 0.1% bovine serum albumin were
seeded onto Matrigel-coated filters in the upper chambers. In the
lower chambers, DMEM medium with or without IGF-I was
added as a chemoattractant. After 24 h of incubation, cells on
the upper surface of the filters were removed with a cotton
swab, and the filters were fixed with 100% methanol and stained
with Giemsa dye. The cells that had invaded to the lower side
of the filters were viewed under a microscope and counted in
five fields of view. The invasive ability of the cancer cells was
expressed as the mean number of cells in five fields. The assay
was carried out as three independent experiments.

Patients and samples. We reviewed the clinical data and surgically
resected tissue from 87 consecutive patients who underwent
hepatectomy for primary HCC without preoperative treatment
between 1992 and 2000. Written informed consent was obtained
from each patient before tissue acquisition. The study was
approved by the Human Investigation Committee at the Kyushu
University School of Medicine (Fukuoka, Japan). All specimens
were obtained from files at the Department of Anatomic
Pathology at Kyushu University. All tumors were defined as HCC,
and the pathological features were determined histologically
based on the classification of the Liver Cancer Study Group of
Japan.(26)

For measurement of serum IGF-I and IGFBP-3 levels, 92
subjects with HCC were included (age, 45–83 years; median,
67.6 years; male/female, 64/28; hepatitis B virus antigen
(HBsAg) positive, 16; hepatitis C virus antibody (HCV-Ab)
positive, 68; and HBsAg/HCV-Ab negative, 8). The diagnosis
was based on ultrasonography, contrast-enhanced computed
tomography, magnetic resonance imaging angiography and

histological findings. All patients underwent hepatectomy for
primary HCC without preoperative treatment at the Kurume
University Hospital.

Immunohistochemistry. The tissue sections (4 µm) were stained
with anti-IGFBP-3, anti-IGF-1Rα or antiphospho-IGF-1R. A
biotinylated secondary antibody was then applied and incubated
with peroxidase-conjugated streptavidin, chromogenized by
diaminobenzidine. The staining was evaluated semiquantitatively
in the selected HCC components containing a predominant
histological grade and the results were compared with those in
adjacent, non-neoplastic hepatocytes. The staining for IGFBP-3
was divided into low (less than 10% of tumor cells are positive)
and high (more than 10% of tumor cells are positive) expression
groups according to the percentage of immunoreactive cells.
The evaluation for IGF-1R was dependent on its intensity when
IGFBP-3 was evaluated by counting immunoreactive cells.

Statistical analysis. Differences in cell number, the levels of
proteins and serum IGF-I and IGFBP-3 levels being examined
were analyzed using the Mann–Whitney U-test. The correlation
between serum IGF-I and IGFBP-3 levels and degree of HCC
progression, and between immunohistochemical results and
clinicopathological factors, were evaluated using the χ2-test,
Fisher’s exact test and Mann–Whitney U-test. Overall survival
was measured from the time of surgery until death with disease,
or until the end of follow up. Patients who died of causes
unrelated to the disease were censored at the time of death
(n = 3). One patient was lost from follow up at 2 months after
surgery. Survival curves were calculated using the Kaplan–
Meier method, and the differences between the curves were
analyzed using the log-rank test. Cox’s proportional hazard
model with a stepwise procedure was used for the multivariate
survival analysis. The results were considered significant if the
P-value was less than 0.05.

Results

IGF-dependent cell growth in some HCC cell lines. IGF-1R, IRS-1,
Akt and Erk were expressed at various levels among the seven
cell lines, although no IGF-2R expression was detected
(Fig. 1A). Both IGF-I and IGF-II stimulated cell proliferation
of HAK-1B, KIM-1, KYN-2 and HepG2 in a dose-dependent
manner. Moreover, IGF-I and IGF-II stimulated only slight, if
any, cell growth among HAK-1A, KYN-1 and KYN-3 (Fig. 1B).
IGF-I effectively stimulated cell proliferation of KYN-2
much more than IGF-II did, but both factors showed similar
stimulatory effects on growth of HAK-1B, KIM-1 and HepG2
cells.

We next examined whether or not IGF-dependent cell growth
of HCC cells is mediated through IGF-1R. The transfection of
IGF-1R siRNA in KYN-2 cells led to a downregulation of
IGF-1R expression in a dose-dependent manner (Fig. 1C). The
growth of KYN-2 cells increased to approximately 1.5-fold the
size of untreated controls when treated with IGF, and this
IGF-dependent stimulation of growth was almost completely
blocked by 40–100 nM IGF-1R siRNA (Fig. 1D).

Effect of IGFBP-3 on IGF-induced cell growth. The effect of
IGFBP-3 on IGF-induced cell growth was examined. The
IGF-dependent cell growth of KYN-2 and HepG2 was almost
completely blocked by treatment with IGFBP-3 at 1–10 µg/mL,
whereas that of HAK-1B and KIM-1 was significantly blocked
by treatment with 10 µg/mL IGFBP-3. In contrast, the growth of
HAK-1 A, KYN-1 and KYN-3 cells was not at all inhibited by
treatment with IGFBP-3 (Fig. 2A). Next we carried out an
ELISA assay in order to determine whether or not HCC cell
lines produce IGFBP-3. Of the seven cell lines examined here,
we were able to observe unequivocal production of higher
amounts of IGFBP-3 in the KYN-3 cells, but this was not the
case in the other cell lines (Fig. 2B).
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Fig. 1. (A) Expression of type 1 insulin-like growth factor (IGF) receptor (IGF-1R), IGF-2R, IRS-1, Akt and Erk was determined by immunoblotting
conducted on protein lysates extracted from these cell lines. The detection of glyceraldehyde-3-phosphate dehydrogenase (GAPDH) served as a
loading control. (B) Effects of IGF-I and IGF-II on the proliferation of seven hepatocellular carcinoma cell lines. The cells were treated with or
without IGF at concentrations of 1, 10 or 100 ng/mL for 72 h in serum-free media, and then colorimetric WST assays were carried out. Each bar
represents IGF-I (closed bar) or IGF-II (hatched bar). The data are expressed as the mean ± SD. (C) Inhibition by IGF-1R small interfering RNA (siRNA)
treatment of IGF-1R gene expression of KYN-2 cells. KYN-2 cells were transfected with IGF-1R siRNA at concentrations of 0, 16, 40 and 100 nM,
and the cells were incubated for the periods of time indicated. After incubation, total RNA was extracted and gene silencing was analyzed by real-
time quantitative polymerase chain reaction. (D) Effect of IGF-1R siRNA on the proliferation of IGF-I (closed bar) or IGF-II (hatched bar)-stimulated
KYN-2 cells. The cells were stimulated with 100 ng/mL of IGF-I or IGF-II after 24 h of siRNA treatment, and a WST assay was carried out 72 h after
IGF stimulation. The data are expressed as the mean ± SD.
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Fig. 2. (A) The effects of insulin-like growth factor (IGF) binding protein (IGFBP)-3 on IGF-I- or IGF-II-dependent cell proliferation of seven
hepatocellular carcinoma cell lines. The cells were incubated with either serum-free medium, 100 ng/mL of IGF-I (closed bar) or 100 ng/mL of
IGF-II (hatched bar) in the presence of various concentrations of IGFBP-3 for 72 h. After incubation, colorimetric WST assays were carried out.
*Significant differences (P < 0.01) compared with treatment with IGF alone in the absence of IGFBP-3. The data are expressed as the mean ± SD.
(B) Cellular production of IGFBP-3 in KYN-3 cells. IGFBP-3 protein levels in the culture medium with the seven cell lines examined here were assayed
quantitatively with enzyme-linked immunosorbent assay systems. The data are the average of triplicate wells ± SD.
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Effect of IGFBP-3 on IGF-dependent signaling, cell growth and invasion.
We further examined whether the activation of IGF-1R and its
downstream signaling were modulated by IGFBP-3 in three cell
lines: KYN-2 with IGF-dependent cell growth, and KYN-1
and KYN-3 with IGF-independent cell growth. Treatment with
IGF-I markedly enhanced phosphorylation of IGF-1R, with
concomitant phosphorylation of both Akt and Erk in KYN-2
cells, but such effects were not observed in KYN-1 and KYN-3
cells (Fig. 3A). The IGF-I-induced phosphorylation of IGF-1R,
Akt and Erk was almost completely inhibited in KYN-2 by
coadministration of IGFBP-3.

Cell growth of KYN-3 was not stimulated by IGF and not
blocked by coadministration of IGFBP-3: KYN-3 cells
produced a significant amount of IGFBP-3 (Fig. 2). We next
examined whether production of IGFBP-3 by KYN-3 cells
could be responsible for their reduced response to IGF. The
transfection of IGFBP-3 siRNA in KYN-3 cells led to a knock-
down of IGFBP-3 expression in a concentration-dependent
manner (Fig. 3B). Cell growth of KYN-3 was found to be

increased to approximately 1.4-fold over the untreated controls
by IGF-I when treated with 100 nM IGFBP-3 siRNA (Fig. 3C).
This IGF-I-dependent growth stimulation was significantly
inhibited by 10 µg/mL IGFBP-3 in IGFBP-3 siRNA-treated
KYN-3 cells (Fig. 3A,C).

Insulin-like growth factor-I plays an important role in
invasion and migration of various malignant cell types including
melanoma and pancreatic carcinoma.(27,28) We next examined
whether IGFBP-3 could affect the invasive ability of IGF-
stimulated KYN-2 cells by Matrigel invasion assay. Invaded
cells were increased to approximately 9.0-fold of untreated con-
trols when treated with 1000 ng/mL IGF-I (Fig. 4). In addition,
the IGF-I-induced cell invasion was significantly suppressed by
52% by treatment with 100 µg/mL IGFBP-3 (Fig. 4). Thus,
IGFBP-3 could inhibit both invasion and cell proliferation
induced by IGF in HCC.

Expression of IGFBP-3 and IGF-1R and their clinicopathological
implications in clinical HCC. The expression of IGF-1R and
IGFBP-3 was determined in human HCC samples by

Fig. 3. (A) Effects of insulin-like growth factor
(IGF)-I and IGF binding protein (IGFBP)-3 on the
phosphorylation of type 1 IGF receptor (IGF-1R),
Akt and Erk in KYN-2, KYN-1 and KYN-3 cells.
Serum-deprived cells were treated with 100 ng/mL
IGF-I and/or with 10 µg/mL IGFBP-3 for 10 min.
Cell lysates were blotted with the antibodies
indicated. The detection of glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) served as a
loading control. (B) Inhibition by IGFBP-3 small
interfering RNA (siRNA) treatment of IGFBP-3
expression in KYN-3 cells. KYN-3 cells were
transfected with IGFBP-3 siRNA at concentrations
of 0, 16, 40 and 100 nM, and the cells were
incubated for 24 h. After incubation, IGFBP-3
protein levels in the culture medium were assayed
quantitatively with enzyme-linked immunosorbent
assay systems. The data are the average of triplicate
wells ± SD. (C) Restoration of IGF-I-stimulated
proliferation of KYN-3 cells by IGFBP-3 siRNA.
KYN-3 cells were treated for 24 h with 100 nM
IGFBP-3 siRNA and further incubation with 100 ng/
mL of IGF-I in the absence or presence of various
doses of IGFBP-3 for 72 h. The data are expressed
as the mean ± SD.
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immunohistochemical analysis. The clinicopathological
characteristics of 87 HCC patients, from whom the clinical
samples were derived, are shown in Table 1. A representative
immunohistochemical data of case 1 of well-differentiated
HCC is shown in Fig. 5A: the expression of both IGFBP-3 and
IGF-1R protein was higher in carcinoma tissue than in adjacent
hepatocytes (Fig. 5). In contrast, a representative case of poorly
differentiated HCC (case 2 in Fig. 5A) exhibited reduced
expression of both IGFBP-3 and IGF-1R in carcinoma cells,
compared with that in adjacent hepatocytes (Fig. 5A,d–f). In
non-cancerous tissue of case 2, IGF-1R and IGFBP-3 were
found to be expressed in hepatocytes, but not in stromal cells
such as inflammatory cells, Kupffer cells and endothelial
cells (data not shown). Table 2 gives a summary of the
immunohistochemical analysis of IGFBP-3 and IGF-1R
expression in 87 clinical specimens. The immunohistochemical
analysis of IGF-1R and IGFBP-3 expression in HCC samples
revealed that the intensity of staining in carcinoma was similar
to or stronger than that of adjacent hepatocytes in 57 cases of
IGFBP-3 and 58 cases of IGF-1R (Table 2).

We then determined whether or not the expression of
IGFBP-3 and IGF-1R was associated with clinicopathological
features of clinical HCC samples. However, we were unable to
obtain any statistically significant results regarding IGF-1R
expression and clinicopathological parameters. In contrast, a
close association between IGFBP-3 expression and certain
clinicopathological characteristics was observed (Table 2). Low
expression of IGFBP-3 was observed in cases with larger tumor
size, poorly differentiated histology, capsular invasion and
portal venous invasion. Moreover, IGF-1R expression was found
to correlate positively with IGFBP-3 expression.

Univariate and multivariate survival analysis. The overall survival
of patients with low IGFBP-3 expression was significantly
worse than those with high IGFBP-3 expression (Fig. 5B). In
the univariate postoperative survival analysis, tumor size,
histological differentiation, portal vein invasion, TNM
classification and intrahepatic metastasis were also associated
with poor survival (data not shown). The multivariate survival
analysis revealed that TNM classification (stage 3/4), low
IGFBP-3 expression and larger tumor size (>4 cm) were
independent prognostic factors (Table 3).

Serum IGF-I and IGFBP-3 levels in patients with HCC. Finally, we
examined whether serum levels of IGFBP-3 or IGF-I were
associated with HCC staging in 92 patients. Serum mean
levels of IGF-I and IGFBP-3 in the stage I, II, III and IV groups
were 92.1 ± 35.2 and 1.36 ± 0.34, 99.6 ± 37.4 and 1.30 ± 0.35,
74.6 ± 27.1 and 1.02 ± 0.30, and 91.7 ± 58.0 and 1.35 ± 1.10,
respectively. There were negative correlations between staging
of HCC and serum IGF-I levels (Fig. 6A) or serum IGFBP-3
levels (Fig. 6B). However, no statistically significant difference
was observed in the correlation between HCC staging and
serum IGF-I levels or serum IGFBP-3 levels.

Discussion

In the present study, we classified seven HCC cell lines into two
groups that exhibited IGF-dependent (HAK-1B, KIM-1, KYN-
2 and HepG2) and independent (HAK-1A, KYN-1 and KYN-3)
growth, whereby all seven cell lines expressed various levels
of IGF-1R. The growth of the former four cell lines was
susceptible to the inhibitory effects of IGFBP-3, whereas the
growth of the latter three cells lines did not show such
susceptibility. IGF-1R, Akt and Erk were markedly activated in
response to IGF-I in KYN-2 cells with IGF-dependent growth
and invasion, and their activities were almost completely
blocked by coadministration of IGFBP-3. In contrast, IGF-I did
not activate IGF-1R, Akt or Erk in KYN-3 cells exhibiting
IGF-independent growth, and IGFBP-3 was unable to block
phosphorylation of these molecules. Relevant studies have
shown that the growth of HepG2 cells was inhibited by
coadministration of IGFBP-3,(9,12) which is consistent with our
present data regarding HepG2 cells. These findings suggest that
IGFBP-3 inhibits both growth and invasion of HCC cells
through its interaction with IGF.

Of these seven cell lines, only KYN-3 produced significant
amounts of IGFBP-3. The cellular levels of IGF-1R in the
KYN-3 cells were similar to those in KYN-2 cells, which
were also highly sensitive to IGFBP-3-induced growth inhibi-
tion. The constitutive expression of IGFBP-3 might interfere

Fig. 4. Effect of insulin-like growth factor (IGF) binding protein
(IGFBP)-3 on invasion by IGF-stimulated KYN-2 cells in Matrigel invasion
assay. Serum-deprived KYN-2 cells (1 × 105) were seeded onto Matrigel-
coated filters in the upper chambers, and Dulbecco’s modified Eagle’s
medium with or without IGF-I (1000 ng/mL) in the presence of various
concentrations of IGFBP-3. The cell invasiveness was quantified as the
mean cell number in five fields of view per filter. Columns, mean of
three independent experiments; bars, ±SD.

Table 1. Clinicopathological characteristics of 87 patients

Characteristic n

Sex
Male 67
Female 20

Age (years) 36–83 (mean: 62.3)
Tumor size (cm) 0.8–14.5 (mean: 3.9)
Virus marker

HBV+ 13 (14.9%)
HCV+ 60 (69.0%)
HBV+ and HCV+ 4 (0.5%)

Liver cirrhosis 37 (42.5%)
TNM stage

I 12
II 31
III 19
IV 15

Histological differentiation
Well 11
Moderate 54
Poor 22

Capsular invasion 56 (64.4%)
Portal venous invasion 40 (46.0%)
Intrahepatic metastasis 29 (33.3%)

HBV+, positive for hepatitis B virus antigen; HCV+, positive for hepatitis 
C virus antibody.
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with IGF-1R-dependent growth signaling in KYN-3 cells,
resulting in lowered susceptibility to growth inhibition by the
exogenous addition of IGFBP-3. Reduced expression of IGFBP-
3 by treatment with siRNA could restore IGF-I-dependent cell
growth in KYN-3 cells. The IGF-1R in KYN-3 cells might be
occupied with endogenous IGFBP-3, thus resulting in a lack of
further inhibition by exogenous IGFBP-3.

However, the growth of KYN-1 and HAK-1A was not
stimulated by exogenous addition of these IGF, and was also
insensitive to growth inhibition by IGFBP-3 when both cell
lines expressed cellular levels of IGF-1R comparable to those

in KYN-3 and KYN-2. Unlike the KYN-3 cells, neither the
KYN-1 nor the HAK-1A cells produced significant amounts of
IGFBP-3. It remains unclear why IGFBP-3 was unable to block
the proliferation of these two cell lines, HAK-1 A and KYN-1,
both of which express IGF-1R. Although IGF can activate
IGF-1R as well as Akt and Erk, in KYN-2, KIM-1, HAK-1B
and HepG2, all of which exhibit IGF-dependent cell growth,
these IGF were unable to activate IGF-1R and its downstream
signaling pathways in HAK-1A and KYN-1 cells, and in
KYN-3 cells, all of which exhibit IGF-independent cell growth.
It is possible that IGF-1R in the HAK-1A and KYN-1 cell lines

Fig. 5. (A) Immunohistochemical expression of
insulin-like growth factor (IGF) binding protein
(IGFBP)-3 in hepatocellular carcinoma (HCC). Two
representative cases of well-differentiated HCC
(case 1) and poorly differentiated HCC (case 2).
The expression of both IGFBP-3 and type 1 IGF
receptor (IGF-1R) was stronger in the HCC than
in the adjacent liver in the cases of well-
differentiated HCC (b,c). In contrast, cases of
poorly differentiated HCC showed reduced
expression of IGFBP-3 and IGF-1R in the HCC tissue
compared with that of the adjacent liver tissue
(e,f). (a,d) Hematoxylin–eosin (H–E) staining. C,
cancerous region; N, non-cancerous region. (B)
The overall survival of patients with low IGFBP-3
expression was significantly worse than that of
patients with high IGFBP-3 expression (P = 0.0007).
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might be functionally inactive. There appeared to be no
mutations in either the transmembrane domain or in the tyrosine
kinase domain of IGF-1R in any of the HCC cell lines used in
the present study (data not shown). Further studies should be
carried out in order to gain a better understanding of the
mechanism by which IGFBP-3 exerts its inhibitory effects on
the growth of these HCC cell lines.

Thirty-nine percent of HCC clinical samples have been found
to exhibit lower levels of IGF-1R than does non-neoplastic
adjacent liver tissue.(12) Consistent with the results of that
previous study, our immunohistochemical analysis of 87 HCC
samples demonstrated lower levels of IGF-1R expression in
approximately 40% of the human HCC tissue samples investi-
gated, compared with matched, non-tumorous tissue samples.
The expression of IGF-1R in HCC was not found to be signifi-
cantly associated with any of a number of clinicopathological
characteristics. However, to our surprise, high levels of IGF-1R

expression were significantly associated with high levels of
IGFBP-3 expression in HCC. Higher levels of IGF-1R expression
might modulate the expression of IGFBP-3 in cases of HCC, but
this possibility will require further investigation.

Immunohistochemical analysis of the expression of IGFBP-3
in cancerous and non-cancerous lesions in cases of HCC further
demonstrated a close correlation of high or low IGFBP-3
expression with tumor size, histological differentiation and
portal venous invasion, but not with intrahepatic metastasis.
The close association of tumor size and differentiation in HCC
with the expression of IGFBP-3 suggests that IGFBP-3 might
play a key role in tumor growth and progression in HCC.
The malignant characteristics of HCC are partly due to their
metastatic potential via intrahepatic metastasis and portal
venous invasion. Of these two types of metastatic potential in
cases of HCC, the expression of IGFBP-3 was found to be more
specifically correlated with portal venous invasion than with
intrahepatic metastasis, thus suggesting the role of IGFBP-3 in
portal venous invasion. However, there appeared no significant
correlation of HCC staging with serum levels of IGFBP-3 or
serum levels of IGF-I when 92 HCC patients were analyzed.
Our present clinical data with determination of serum IGFBP-3
levels are also consistent with previous relevant studies.(11,29)

Further study should be carried out in order to determine the
potential role of IGFBP-3 in the above-mentioned malignant
characteristics associated with HCC.

In conclusion, the absence or presence of IGFBP-3 expression
and a functional IGF-1R could affect the state of IGF-dependent
cell growth in HCC cell lines in culture. The expression of

Table 2. Correlation of clinicopathological features and type 1 insulin-like growth factor (IGF) receptor (IGF-1R) or IGF binding protein (IGFBP)-3
protein expression in hepatocellular carcinoma

Variable 
IGF-1R IGFBP-3

High (n = 58) Low (n = 29) P-value High (n = 57) Low (n = 30) P-value

Mean age (years) 62.5 61.9 0.7397 63.2 60.6 0.1827
Male : female 45 : 13 22 : 7 0.8570 45 : 12 22 : 8 0.5542
Mean tumor size (cm) 3.6 4.6 0.1337 3.0 5.7 <0.0001
Liver cirrhosis 25 (43.1%) 12 (41.4%) 0.8781 26 (45.6%) 11 (36.7%) 0.4223
Stage

I/II 31 12 0.2885 31 12 0.2021
III/IV 27 17 26 18

Histological differentiation
Well/moderate/poor 9/38/10 2/16/12 0.0557 11/38/8 0/16/14 0.0007

Capsular invasion 37 (63.8%) 19 (65.5%) 0.8742 31 (54.3%) 25 (83.3%) 0.0074
Portal venous invasion 26 (44.8%) 14 (48.3%) 0.7610 17 (29.8%) 23 (76.7%) <0.0001
Intrahepatic metastasis 19 (32.8%) 10 (34.5%) 0.8722 19 (33.3%) 10 (33.3%) >0.9999
High IGF-1R expression – – 45 (77.6%) 13 (43.3%) 0.0008

Table 3. Significant variables determined by multivariable survival
analysis

Variables Coefficient SE Coefficient/SE P-value

Stage III/IV 0.988 0.353 2.797 0.0052
IGFBP-3 0.841 0.329 2.558 0.0105
Tumor size (>4 cm) 0.670 0.332 2.015 0.0440

IGFBP, insulin-like growth factor binding protein.

Fig. 6. Correlation between hepatocellular carcinoma
(HCC) staging and serum insulin-like growth factor
(IGF)-I levels or serum IGF binding protein (IGFBP)-
3 levels in patients with HCC (n = 92). (A)
Correlation between HCC staging and serum IGF-I
levels. (B) correlation between HCC staging and
serum IGFBP-3 levels. Patients of stage I (n = 22), II
(n = 17), III (n = 31) and IV (n = 22).
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IGFBP-3 was also significantly correlated with histological
differentiation, tumor size, portal venous invasion and prognosis,
but not with intrahepatic metastasis in the HCC studied here. As
IGFBP-3 plays a pivotal role in tumor enlargement and metas-
tasis in HCC, it should be considered as a possible molecular
target for the development of novel therapeutic strategies used
in the treatment of HCC.
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