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Insulin-like growth factor binding protein-1 inhibits
cancer cell invasion and is associated with poor
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Abstract: Insulin-like growth factor binding protein-1 (IGFBP-1) plays an important role in the development and
progression of cancer. However, the expression of IGFBP-1 remains equivocal, and little is known about its clinico-
pathological significance and prognostic value in hepatocellular carcinoma (HCC). In this study, we evaluated the
expression of IGFBP-1 in 90 paired HCC tissues and adjacent non-cancerous liver tissues and analyzed its clinical
and prognostic significance. The results showed that IGFBP-1 was detected in cytoplasm as well as cell nucleus, and
down-regulated in HCC tissues compared to the adjacent non-cancerous liver tissues. The decreased expression of
IGFBP-1 was correlated with tumor differentiation, liver cirrhosis, microvascular invasion or metastasis, TNM stage
and poor survival. Moreover, low levels of IGFBP-1 may be an independent prognostic indicator for the survival of
patients with HCC. We also evaluated its function by adding recombinant IGFBP-1 to the cultured HCC cell lines
HepG2 and MHCC97-H. The result of the invasion chamber assay showed that IGFBP-1 could inhibit the invasion
of HepG2 and MHCC97-H. MMP-9 secretion by these cells was significantly decreased when the cells were treated
with IGFBP-1. Our results suggest that IGFBP-1 inhibits the invasion and metastasis of HCC cells and that IGFBP-1

may be useful as a valuable marker for the prognosis of patients with HCC.
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Introduction

Hepatocellular carcinoma (HCC) has become
the second leading cause of cancer-related
deaths, and the incidence continues to rise
worldwide [1, 2]. Globally, approximately
750,000 new cases of liver cancer are report-
ed each year. Population-based studies show
that the incidence rate continues to parallel the
death rate, which indicates that most individu-
als who develop HCC die from this disease [1].
Despite the advances in the surveillance of
high-risk patients, surgical intervention for
patients with early-stage disease and chemo-
therapy for advanced patients, the overall out-
come of patients with HCC remains poor. It is
therefore necessary to find more effective
treatment strategies and to further investigate
the detailed mechanisms of this deadly
disease.

Insulin-like growth factor binding protein-1
(IGFBP-1) is one of the six soluble binding pro-
teins which can affect the bioactivities of insu-
lin-like growth factors (IGFs) through binding
IGFs with high affinity. IGFBP-1, as well as
IGFBP-3, -4 and -6 usually impair the access of
IGFs to the IGF-receptor (IGF-R), and therefore,
they diminish the effects if IGFs on target cells,
including cancer cells [3]. Other IGFBPs such as
IGFBP-2 and -5 seem to promote the bioavail-
ability of IGF ligands [3]. IGFBP-1, which is pro-
duced primarily by hepatocytes and is secreted
into the serum, is also synthesized by the kid-
ney and ovarian granulosa cells and, in preg-
nant women, by decidualized uterine endome-
trium [4]. Serum IGFBP-1 modulates cell growth,
differentiation and metabolism in an IGF-
dependent manner. In addition, IGFBP-1 func-
tions in IGF-independent effects on prolifera-
tion, migration and apoptosis of different cell
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types through its interaction with cell surface
molecules [5]. It is therefore conceivable that
the biological activity of IGFBP-1 is more com-
plicated than we previously presumed.

Recently, the IGF axis has emerged as a signifi-
cant pathway in the development and progres-
sion of HCC and as a hopeful therapeutic target
[6]. Due to their central role in the regulation of
bio-available IGFs, the IGFBPs have also
emerged as potential mediators of liver cancer.
Although many studies have documented the
role of IGFBP-1 in liver regeneration [7, 8], non-
alcoholic steatohepatitis (NASH) [9], liver cir-
rhosis [10] and stress-related events [11-15],
the expression of this binding protein in HCC
remains elusive and even controversial. For
example, Kondoh et al. [16] reported that
IGFBP-1 mRNA was elevated in 4 HCC samples
compared with non-cancerous normal tissue
samples. Additionally, cultured human hepato-
ma cells were shown to over-express IGFBP-1
protein upon the administration of cytokines or
oxidative stress [14]. However, Gong et al.
reported that IGFBP-1 mRNA expression was
uniformly and significantly downregulated in
patients with HCC compared to adjacent cir-
rhotic tissues as well as to normal liver tissues
[17]. As a significant plasma biomarker, the
serum level of IGFBP-1 in patients with HCC has
also been explored. Hwang et al. [10] found a
significantly higher level of serum IGFBP-1 in
patients with HCC than in patients with cirrho-
sis and in normal controls. However, studies
that used an IGF signaling antibody array also
showed no differences in the level of IGFBP-1
protein in HCC tissues compared to adjacent
unaffected tissues [18].

By up-regulating IGFBP-1 expression in trans-
genic mice, Lu et al. [19] observed an inhibitory
effect of IGFBP-1 on hepatic preneoplasia pos-
sibly through a decrease in the mitogenic activ-
ity of IGF-1 and/or IGF-2. This supports the con-
cept that IGFBP-1 inhibits the carcinogenesis of
HCC. Recently, in a phase Il study of cixutu-
mumab, a monoclonal antibody that targets
IGF1-R in advanced HCC, researchers found
that elevated plasma IGFBP-1 was correlated
with improved progression-free survival (PFS)
and overall survival (OS) in 24 patients [20].
However, no direct evidence has demonstrated
the clinicopathological significance and prog-
nostic value of IGFBP-1.

Our previous studies demonstrated that the
down-regulation of MMP-9 could suppress the
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invasion capability of HCC cells in HCC [21]. Leu
JI et al. reported that IGFBP-1 may inhibit the
expression of MMP-9 [22]. Whether IGFBP-1
participates in the invasion of HCC cells via the
regulation of MMP-9 remains unknown. In the
present study, we used immunohistochemistry
(IHC) to examine the expression of IGFBP-1 in
90 HCC samples and in adjacent non-tumor tis-
sues. We also analyzed the clinical and prog-
nostic significance of IGFBP-1. Moreover, we
assayed its function in the HCC cell lines,
HepG2 and MHCC97-H in vitro.

Materials and methods
Patients and tissue specimens

Fifteen adult patients with hepatic haemangio-
ma and a total of 90 adult patients with HCC
who underwent curative resection at the
Department of Hepatobiliary Surgery, Xijing
Hospital, Fourth Military Medical University
(Xi'an, China) between 2006 and 2010 were
included in this study. All enrolled patients with
HCC met the diagnostic criteria of the American
Association for the Study of Liver Diseases.
None of these patients had received chemo-
therapy, ethanol injections, radiofrequency
ablation, or transarterial chemoembolization
prior to surgical resection. Several related clini-
cal and pathological characteristics (including
age, gender, tumor size, tumor differentiation,
hepatitis B virus infection, liver cirrhosis, portal
vein invasion, lymph node metastasis, and
TNM stage) were collected for further analysis.
The study protocol was approved by the Ethics
Committee of Xijing Hospital, and written
informed consent was obtained from each
patient or from his/her legal guardians.

Construction of tissue microarrays and immu-
nohistochemistry

The total of 15 paraffin-embedded normal liver
tissues, 90 HCC samples and their correspond-
ing adjacent liver tissues were used for the con-
struction of a tissue microarray (Shanghai
Outdo Biochip Co., LTD. Shanghai, China). The
tissue microarray was used to detect IGFBP-1
expression by IHC. Briefly, the slide was routine-
ly deparaffinized and hydrated in consecutive
changes of xylene and ethanol, then heated to
a boil in 10 mM sodium citrate antigen retrieval
buffer (pH 6.0) and maintained at a sub-boiling
temperature for 10 minutes. After the inactiva-
tion of endogenous peroxidase by incubating
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the section in 3% hydrogen peroxide for 10 min,
5% normal goat serum was used to block the
section for 1 h at room temperature. The tissue
section was incubated at 4°C overnight with an
IGFBP-1 polyclonal antibody (Abcam USA,
ab111203) at a 1:1000 dilution. After washing
with PBS, the slide was incubated with a horse-
radish peroxidase (HRP)-conjugated goat anti-
rabbit antibody (ZSGB-BIO, Beijing, China) for
30 minutes at room temperature. Then, the
slide was washed and treated with 3, 3’-diami-
no-benzedine (DAB) for approximately 5 min-
utes. Hematoxylin was used to counterstain the
section. Finally, the slide was consecutively
dehydrated in ethanol and xylene, mounted
with a coverslip and examined by microscopy.
As a negative control, PBS was used in place of
the primary IGFBP-1 antibody under the same
experimental conditions.

The IHC results were analyzed by two indepen-
dent experienced pathologists who were not
informed of the distribution of the tissue micro-
array and who were not given the clinical infor-
mation of the patients. The evaluation of IGFBP-
1 staining was performed according to a previ-
ously described method [23]. The percentage
of positive cells (staining area) was scored as
follows: 0, <5%; 1, 5-25%; 2, 25-50%; 3, >50%.
The staining intensity was scored as: 0, no
staining; 1, weak staining; 2, moderate stain-
ing; and 3, strong staining. The IGFBP-1 immu-
nostaining score was calculated by multiplying
the staining area score by the staining intensity
score, and thus ranged from O to 9. High IGFBP-
1 expression was defined as a total score of >4,
while low IGFBP-1 expression level was defined
as a total score of <4.

Follow-up study

The hepatectomy surgeries were performed
between August 2006 and September 2010.
The patients were followed-up for 3-7 years. All
the follow-up data were summarized at the end
of September 2013, and it was found that the
patients had a median survival time of 14
months (range 1-80 months). Patients were
reexamined every 4-5 months after hepatic
resection. All follow-up examinations were per-
formed by full-time staff who were unaware of
the study. Overall survival (OS) was considered
the primary endpoint and was calculated from
the date of hepatic resection to the date of
death or the last follow-up.
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Cell culture

The human liver non-tumor cell line HL-7702
(obtained from the Cell Bank of Type Culture
Collection of the Chinese Academy of Sciences),
the HCC cell lines HuH-7, HepG2, and SMMC-
7721 (obtained from the Cell Bank of Type
Culture Collection of the Chinese Academy of
Sciences) and MHCC97-H (obtained from the
Liver Cancer Institute of Fudan University), were
cultured at 37°C in 5% CO, in DMEM supple-
mented with 10% fetal bovine serum (HyClone,
Logan, UT, USA).

Invasion assays

Cell invasion was analyzed in Matrigel-coated
transwell cell culture chambers (8 um pore size)
(Millipore). Briefly, IGFBP-1-treated cells and
non-treated controls (5 x 10 cells/well) were
serum-starved for 24 h and plated in the upper
insert of a 24-well chamber in a serum-free
medium. After 24 h incubation, non-invasive
cells on the upper surface of the filters were
removed gently by a cotton-tip swab, and the
invading cells present on the lower membrane
surface were fixed with methanol for 5 mins,
stained with 0.1% crystal violet for 30 mins,
and then photographed under an inverted
microscope (OLYMPUS, Tokyo, Japan). The
invading cells were counted at x200 magnifica-
tion from 5 random fields per filter. With respect
to the treatment of the cells with human recom-
binant IGFBP-1, the cells were pretreated for
2-4 h, and the treatment continued during the
invasion experiment. Each experiment was per-
formed in triplicate wells and was repeated at
least three times.

Western blot analysis

Equal amounts of protein were resolved by
SDS-PAGE and transferred to polyvinylidene
difluoride membranes. The membranes were
blocked with 1% BSA for 2 h at room tempera-
ture and incubated with primary MMP-9 anti-
body (1:500; Santa Cruz Biotechnology, Santa
Cruz, CA, USA) and with primary B-actin anti-
body (1:5000; Santa Cruz Biotechnology, Santa
Cruz, CA, US) at 4°C overnight, followed by
horseradish  peroxidase (HRP)-conjugated
goat anti-mouse (1:10000; Santa Cruz
Biotechnology) or goat anti-rabbit (1:10000;
Santa Cruz Biotechnology) secondary antibody,
respectively. Protein expression levels were
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Figure 1. Expression analysis of IGFBP-1 in HCC by immunohistochemis-
try (A-G). (A) Expression of IGFBP-1 in normal liver. (B) Low expression of by IHC
IGFBP-1 in adjacent non-tumorous tissue. (C) High expression of IGFBP-1
in adjacent non-tumorous tissue. (D) Low expression of IGFBP-1 in HCC. (E)
High expression of IGFBP-1 in HCC. (F) Nuclear expression of IGFBP-1 in
adjacent non-tumorous tissue. (G) Nuclear expression of IGFBP-1 in HCC.
Bar, 50 pm.

quantified using the software Quantity One to
detect the intensity of the protein bands.

Real-time PCR analysis for mRNA expression

Total RNA from different cells was extracted
using Trizol reagent (Invitrogen, Carlsbad, CA,
USA). Real-time quantitative PCR was conduct-
ed in an Mx4000 Multiplex QPCR System
(Stratagene, La Jolla, CA) using 2X SYBR-Green
PCR Master mix (Applied Biosystems) and
Premix Ex Taq reagent (TaKaRa). The cycling
program was as follows: 94°C for 5 min and 40
cycles of 94°Cfor 15 s, 56°C for 20 s, 72°C for
20 s, and a final step of 10 min at 72°C. The
primers used in the PCR reaction were: IGFBP-
1, forward primer (5-AGGCGGA CATTCTGGA-
AATG-3’) and reverse primer (5-TCGTTCA
TGCACTCGCTGA-3’); B-actin, forward primer
(5’-ACCGCAT CAACAGCAGCATT-3’) and reverse
primer (5-AGGCTTT GCTGTGCTTCAGGT-3).
Data were analyzed according to the compara-
tive Ct method and were normalized by B-actin
expression in each sample (relative quantity,
2-AACY).

Statistical analysis

Statistical analyses were conducted with SPSS
statistical software (version 13.0). The x> test
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was used to analyze the
IGFBP-1 expression levels in
different groups and its rela-
tionship with the clinicopatho-
logical characteristics of the
patients. Survival curves were
calculated by the Kaplan-
Meier method and were ana-
lyzed by the Log-rank test. The
Cox proportional hazards
model was used to estimate
the significance of various
variables for survival in the
multivariate analysis. P < 0.05
was considered statistically
significant.

Results

Expression of IGFBP-1 in HCC

To explore the IGFBP-1 protein
level in HCC tissues, IHC was
performed to assess its
expression in a tissue microar-
ray of 15 normal liver tissues,
90 paired HCC and adjacent non-cancerous
liver tissue samples. IGFBP-1 was expressed
mainly in the cytoplasm as well as in the nucle-
ar of liver cells and liver cancer cells, but not in
inflammatory cells or stromal cells. High expres-
sion of IGFBP-1 was observed in 100% (15/15)
of the normal liver tissues and in 96.7% (87/90)
of the adjacent non-cancerous liver tissues.
While 36.7% (33/90) of the HCC samples dem-
onstrated low IGFBP-1 expression (Figure 1). As
shown in Table 1, the difference in IGFBP-1
expression that was observed between the
HCC samples and the adjacent non-cancerous
liver tissue was statistically significant (P <
0.05).

Correlation between IGFBP-1 expression and
the clinicopathological features

To further evaluate the clinical relevance of the
decreased expression of IGFBP-1 in the HCC
samples, we compared the IGFBP-1 expression
with the clinicopathological features of the
patients. We found that decreased expression
of IGFBP-1 was correlated with tumor differen-
tiation, liver cirrhosis, microvascular invasion or
metastasis, and TNM stage, but there was no
significance with respect to gender, age, tumor
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Table 1. Expression of IGFBP-1 in HCC by IHC

HCC tissues Adjacent liver tissues

IGFBP-1 expression (n = 90) (n = 90) P value
High expression 57 86 <0.001
Low expression 33 4

Table 2. Correlation between IGFBP-1 expression and the clini-
copathological features of the patients

IGFBP1 expression
Clinicopathological Variables High Low P value
expression expression
Gender
Male 48 29 >0.05
Female 9 4
Age
<45 25 12 >0.05
>45 32 21
Tumor number
Single 49 23 >0.05
Multiple 8 10
Maximal tumor size
<5cm 27 11 >0.05
>5cm 30 22
Tumor differentiation
-1 39 15 <0.05
-1V 18 18
Liver cirrhosis
No 30 25 <0.05
Yes 27 8
Serum AFP
<400 (ng/ml) 16 8 >0.05
>400 (ng/ml) 41 25
HBsAg status >0.05
Negative 8 5
Positive 49 28
Microvascular invasion or metastasis
No 53 24 <0.05
Yes 4 9
TNM stage
-1 36 6 <0.001
1 21 27

number, tumor size, HBV infection and serum
AFP level (Table 2).

Survival analysis

We used Kaplan-Meier survival curves to evalu-
ate the over-all survival rates of the patients
with HCC according to their levels of IGFBP-1

expression. As shown in Figure
2, patients in the low IGFBP-1
group showed reduced overall
survival rates compared with
patients in the high IGFBP-1
group (Log rank = 6.072, P =
0.014).

Low expression of IGFBP-1 is
an independent factor that pre-
dicts poor prognosis in patients
with HCC

According to univariate Cox
regression analyses, tumor size,
microvascular invasion, TNM
stage and IGFBP-1 expression
were correlated with the overall
survival rates of the patients
with HCC. Furthermore, to deter-
mine the potential role of IGFBP-
1 expression as an independent
prognostic indicator in the pre-
diction of the outcomes of
patients with HCC, multivariate
Cox regression analyses were
performed. In this analysis,
microvascular invasion, TNM
stage and IGFBP-1 expression
were recoghized as independent
prognostic indicators of the
overall survival of the patients
(Table 3).

IGFBP-1 mRNA expression in
HCC cell lines

We evaluated the expression of
IGFBP-1 in a human liver non-
tumor cell line (HL-7702) and in
HCC cell lines (HuH-7, HepG2,
SMMC-7721, MHCC97-H) (Fig-
ure 3). The invasion ability of the
above cells was gradually
increased. This result showed
that the expression of IGFBP-1
decreases gradually in the
above cell lines, which suggests

that IGFBP-1 may participate in the cellular
invasion process of HCC cells.

IGFBP-1 could suppress HCC cells invasion

We then analyzed the effect of IGFBP-1 on the
invasion capability of HepG2 and MHCC97-H
cells using a transwell invasion assay. As shown
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Figure 2. Kaplan-Meier survival analysis of overall
survival in patients with HCC according to IGFBP-1
expression; the log-rank test was used to calculate
P values.
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Figure 3. Expression analysis of IGFBP-1 mRNA in
HCC cells by RT-PCR.

Table 3. Low expression of IGFBP-1 is an independent factor that predicts a poor prognosis of pa-

tients with HCC

Univariate analyses

Multivariate analyses

Clinicopathological characteristics

RR P value RR 95% ClI P value
Gender 0.662 0.226-1.940 0.452
Age 1.051 0.433-2.548 0.913
Tumor size 1.552 1.085-2.592 0.026* 1.386 0.863-2.273 0.076
Tumor nodules 0.969 0.485-1.936 0.929
Tumor differentiation 1.030 0.587 - 1.810 0.917
Liver cirrhosis 0.876 0.433-1.771 0.712
Microvascular invasion 0.248 0.114-0.538 <0.001* 0.252 0.122-0.521 <0.001*
HBsAg 0.834 0.616 - 1.130 0.241
AFP 0.765 0.559-1.048 0.095
TNM stage 0.561 0.353-0.890 0.014* 0.782 0.394-0.931 0.037*
IGFBP-1 expression level 2.383 1.203-4.719 0.013* 2596 1.476-4.566 0.001*

*Statistically significant (P < 0.05).

in Figure 4, the invasion capability of HepG2
and MHCC97-H cells was significantly impaired
after IGFBP-1 treatment in a dose-dependent
manner. Therefore, we concluded that IGFBP-1
may participate in the cellular invasion process
of hepatic cancer cells.

Effects on MMP-9 expression of HepG2 and
MHCC9O7-H cells after treatment with human
recombinant IGFBP-1

MMPs have been recognized as the predomi-
nant molecules in the cellular invasion process
[21]. We employed a Western blot assay to
detect the change in protein expression of
MMP-9 (an important member of the MMP fam-
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ily) after treatment with IGFBP-1. Western blot
was used to analyze the protein expression as
shown in Figure 5. IGFBP-1 was able to effec-
tively inhibit the expression of MMP-9 protein in
a dose-dependent manner in HepG2 and
MHCC9O7-H cells. The results indicated that
IGFBP-1 may regulate MMP-9 in HCC cells.

Discussion

IGFBP-1, one of the binding proteins with high
affinity to IGF ligands, is a relatively tissue-spe-
cific molecule mainly produced by the liver [24]
that can negatively regulate the activation of
IGF-R. Because the IGF signaling pathway plays
an important role in the development and pro-
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HepG2

IGFBP-1

Invaded cells

MHCC97-H

cent non-cancerous liver tis-
sues to explore the expression
profile of IGFBP-1 by IHC. Our
data demonstrated that
IGFBP-1 protein expression
was decreased in HCC tissues
compared with adjacent non-
tumor liver tissues and normal
liver. The IGFBP-1 protein is
thought to be expressed main-

ly in the cytoplasm and from

IGFBP-1 200

400 ng/mi

there, is secreted into the
serum. Our IHC results, how-
ever, strikingly found some
HCC samples and adjacent

MHCC97-H

Figure 4. IGFBP-1 inhibits the invasion ability of HCC cells (A and B). HepG2
and MHCC97-H cells were treated with IGFBP-1 at different doses (400 and
800 ng/ml) to evaluate the invasion capacities of the cells. Non-treated cells
served as controls. *P < 0.05 compared to HepG2 cells non-treated with
IGFBP-1, #P < 0.05 compared to MHCC97-H cells non-treated with IGFBP-1.

gression of HCC [6], it is believed that IGFBP-1
may function as a tumor suppressor gene by
blunting the IGF axis.

The complexity of IGFBP-1 has also been dem-
onstrated in malignancies. IGFBP-1 promotes
apoptosis of cancer cells under some condi-
tions butnot under others [25, 26]. Furthermore,
IGFBP-1 expression has been documented to
be both positively and negatively correlated
with cancer risk [25, 27]. However, there is lim-
ited evidence from the literature concerning the
role of IGFBP-1 in HCC. According to the existing
data, one study showed that IGFBP-1 was ele-
vated in HCC tissues [16], while the other dem-
onstrated a decreased IGFBP-1 expression
level in HCC [17]. No differences in IGFBP-1
expression between HCC and adjacent unaf-
fected tissues have been reported [18]. In addi-
tion, paradoxical data have been observed in
terms of the serum level of IGFBP-1 in patients
with HCC [10, 20]. While a shortage of these
types of studies should be noted, a large num-
ber of samples are also lacking, and the meth-
od of detection varies among studies. Thus, the
expression pattern of IGFBP-1 in HCC remains
unclear.

Herein, we have utilized 15 normal liver sam-
ples, 90 HCC samples and corresponding adja-

5651

liver samples, but not normal
& liver tissues, were delivering
an evident nuclear stain of
IGFBP-1. Actually, the same
expression features have
been reported in IGFBP-3 in
vitro studies [28]. The detailed
mechanisms and the biologi-
cal effects of nuclear translo-
cated IGFBP-1, therefore, de-
serve our prospective investigation. Further-
more, clinicopathological analyses have shown
that the decreased IGFBP-1 level was signifi-
cantly correlated with tumor differentiation,
liver cirrhosis, microvascular invasion or metas-
tasis and TNM stage. Moreover, a worse prog-
nosis was observed in patients with low IGFBP-
1 expression compared with those with high
IGFBP-1 expression. Univariate and multivari-
ate analyses also showed that low expression
of IGFBP-1 was an independent predictor of the
overall survival of the patients. These findings
were in agreement with the previous reports
that demonstrated that IGFBP-1 mRNA was
decreased in HCC [17] and that transgenic
overexpression of IGFBP-1 in mice could inhibit
the development of HCC [19]. Similarly, the
prognostic value of serum IGFBP-1 in cases of
advanced HCC was verified in a recent prelimi-
nary study [20]. Thus, it can be presumed that
IGFBP-1 is negatively correlated with HCC and
might function as a tumor suppressor gene.

However, some in vitro studies have shown that
IGFBP-1 is more than just a binding protein that
modulates the affinity of IGFs to IGF-R. It has
been demonstrated that IGFBP-1 contains an
Arg-Gly-Asp (RGD) sequence that is capable of
recognizing and binding to certain integrins on
the cell surface, and thus they may function in
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Figure 5. IGFBP-1 inhibits the expression of MMP-9 in HCC cells (A and B).
HepG2 and MHCC9O7-H cells were treated with IGFBP-1 at different doses
(400 and 800 ng/ml) to evaluate the protein level of MMP-9. Non-treated
cells served as controls. *P < 0.05 compared to HepG2 cells non-treated
with IGFBP-1, #P < 0.05 compared to MHCC97-H cells non-treated with

IGFBP-1.

an IGF-independent manner [29, 30]. The bind-
ing of the IGFBP-1 RGD sequence to a recogni-
tion site on the a5B1 integrin could, as reported
previously, enhance the migration ability of sev-
eral cell types [30-33]. This may be accom-
plished through direct activation of focal adhe-
sion kinase (FAK) and by stimulation of the
mitogen-activated protein kinase (MAPK) path-
way [32, 33].

In our study, we first evaluated the expression
of IGFBP-1 in the human liver non-tumor cell
line HL-7702, HCC cell lines HuH-7, HepG2,
SMMC-7721 and MHCC97-H which had been
showed a gradually increased invasion capabil-
ity. The result showed that the expression of
IGFBP1 declines gradually in the above cell
lines. This suggested that IGFBP-1 may partici-
pate in the cellular invasion process of HCC
cells. We then examined the effects of IGFBP-1
on the invasion capability of HepG2 and
MHCC9O7-H cells using a transwell invasion
assay. Compared to controls, HepG2 and
MHCCO97-H cells treated with IGFBP-1 showed a
significant decrease in the number of invasive
cells. This strongly indicates that human recom-
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the protein level and evaluate
its prognostic value in patients
with HCC. We have found that
IGFBP-1 protein is decreased
in HCC tissues compared with
adjacent unaffected liver tis-
sue and that decreased
expression of IGFBP-1 in HCC
tissues is associated with a poor prognosis. We
also found that IGFBP-1 could inhibit HCC inva-
sion via the down-regulation of MMP expres-
sion. Our study proved that IGFBP-1 is a tumor
suppressor gene that can be used as a prog-
nostic marker for HCC.
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