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Background: Insulin-like growth factor binding protein-2 (IGFBP2) levels are significantly

increased in the plasma of hepatocellular carcinoma (HCC) patients. However, the correla-

tion between IGFBP2 levels and clinical parameters and the exact role of IGFBP2 in HCC

are unclear. In this study, we identified the role and potential molecular mechanisms of

IGFBP2 in HCC.

Materials and Methods: ELISA assays were used to detect plasma IGFBP2 levels in HCC

patients and healthy controls, and the correlations with patients’ clinicopathological data

were analyzed. The CCK8 assay was used to explore cell proliferation. Luciferase reporter,

co-immunoprecipitation, and immunofluorescence assays were used to demonstrate the

molecular mechanism of IGFBP2 in HCC.

Results: Plasma IGFBP2 levels were determined blindly in 37 HCC patients and 37

matched healthy controls. The mean plasma IGFBP2 concentrations in HCC patients were

higher than in healthy controls, and IGFBP2 levels in HCC were positively correlated with

the degree of differentiation, tumor size, metastasis, and portal venous invasion. Exogenous

IGFBP2 activated integrin β1 and thus induced the combination and colocalization of

activated integrin β1 and p-FAK, which promoted the phosphorylation of FAK, Erk, and

Elk1, eventually inducing EGR1-mediated proliferation of the HCC cell lines HepG2 and

HCCLM3. Meanwhile, neutralization of integrin β1 inhibited IGFBP2-induced FAK, Erk,

Elk1, and EGR1 activation.

Conclusion: Taken together, these results indicated that exogenous IGFBP2 promoted the

integrin β1/FAK/Erk/Elk1/EGR1 pathway, which stimulated the proliferation of HCC cells.

Plasma IGFBP2 could be a novel prognostic biomarker for HCC patients.
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Introduction
Hepatocellular carcinoma (HCC) was the sixth most commonly diagnosed cancer

and the fourth leading cause of cancer death worldwide in 2018.1 Despite advances

in therapeutic strategies such as surgical resection and liver transplantation, the

clinical outcomes of HCC patients have not improved due to late-stage diagnoses,

and early metastasis.2 Therefore, there is an urgent need for novel diagnostic and

therapeutic strategies to improve the prognosis of HCC patients.

Insulin-like growth factor binding protein-2 (IGFBP2) is the second most

abundant IGFBP in human circulation;3 elevated plasma IGFBP2 levels compared

with healthy controls are observed in patients with glioma,4 lung cancer,5 prostate
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cancer,6 and HCC.7 IGFBP2 is a 32- to 34-kD protein that

can not only bind IGFs with high affinity, but also act in

IGF-independent pathways to promote cell invasion,8

metastasis,9 tumorigenesis,10 and angiogenesis9,11 in var-

ious cancer types. However, the roles and mechanisms of

IGFBP2 in HCC remain unknown. The Arg-Gly-Asp

(RGD) cell adhesion motif of IGFBP2 protein potentially

binds to integrin receptors.12 Focal adhesion kinase (FAK)

is a cytoplasmic non-receptor tyrosine kinase that is autop-

hosphorylated following the activation of integrin

receptors.

Early growth response protein 1 (EGR1) is an 82-kDa

transcription factor that is an immediate early gene pro-

duct. Mitogenic stimuli, including serum and growth fac-

tors, and non-mitogenic stresses, including hypoxia and γ-
irradiation, both can activate pathways such as PI3K/AKT

and MEK/ERK, that increase EGR1 expression.12,13

This study investigated plasma IGFBP2 levels in HCC

patients and analyzed statistical correlations between these

and clinicopathological data. We also show that exogenous

IGFBP2 activated integrin β1, and thus induced the com-

bination and colocalization of activated integrin β1 and

p-FAK, which induced phosphorylation of FAK, Erk and

Elk1, eventually promoting EGR1-mediated proliferation

of HCC cells. These results are the first to mechanistically

explain the role of plasma IGFBP2 as a prognostic bio-

marker in HCC patients.

Materials and Methods
ELISA Assay
We selected the blood sample of the 37 HCC patients

before their surgical operation, and matched the patients

with 37 healthy volunteers for age, sex and race. All HCC

patients and healthy volunteers had signed informed con-

sent for sample collection. Plasma was isolated by centri-

fuging the blood samples at room temperature, plasma

IGFBP2 was measured by an enzyme-linked immunosor-

bent assay (ELISA) kit (RayBio, USA), following the

manufacturer’s instructions, IGFBP2 concentration was

calculated from the standard curve. The present study

was approved by the Research Ethics Committee of

Anhui Medical University and performed in accordance

with the Declaration of Helsinki.

Cell Culture and Reagents
Human HCC cell lines HepG2 was a gift from University

of Science and Technology of China, and HCCLM3 were

purchased from Shanghai Cell Bank, Chinese Academy of

Sciences (Shanghai, China), and maintained in DMEM

(Hyclone, USA) supplemented with 10% FBS (Hyclone,

USA) and 2 nmol/L L-glutamine and penicillin–strepto-

mycin. Cells were cultured in an incubator with humidified

air at 37°C with 5% CO2. HepG2 and HCCLM3 were

authenticated using short tandem repeat profiling

AmpFLSTR™ Identifiler™ Plus PCR Amplification Kit

for high-resolution screening and interspecies cross-

contamination detection. Lipofectamine-3000 (Invitrogen,

USA) was employed for plasmids transfection according

to the manufacturer’s protocol.

Cell Proliferation Assay
1×104 HepG2 or HCCLM3 cells per well were seeded in

96-well plates in DMEM with 10% FBS. The

following day, the cells were incubated in serum-free med-

ium for 12 h, and then treated with 15.5, 31, 62, 125 or 250

ng/mL recombinant human IGFBP2 (Peprotech, USA) for

48 or 72 h. In some cultures, cells were preincubated with

integrin β1-neutralising antibody at a concentration of

2 mg/mL (Chemicon International, USA) for 0.5 h before

treatment with IGFBP2. In another experiment, cells were

transfected with pcDNA3.1-IGFBP2 or pcDNA3.1-ctr plas-

mids for 24, 48 or 72 h, cell growth was performed as

described previously14 using cck-8 cell viability assay sys-

tem. The optical density was determined at 450 nm using

a scanning multiwall spectrophotometer (Tecan, Austria).

Western Blot
HepG2 or HCCLM3 cells were seeded at 2×106 cells per

well in 6-well plate, the following day, cells were in

serum-free medium overnight and then treated with 250

ng/mL IGFBP2 for 0.5 h, 1 h, 4 h, 12 h, 24 h, 48 h at 37°

C, total protein was extracted using lysis buffer to analyze

FAK, p-FAK, Erk, pErk, Elk1, p-Elk1 and EGR1 levels,

and Western blot analysis was scanned, and densitometric

analysis was applied for quantification of the bands as

using ImageJ software (National Institutes of Health).

The ROD ratio was calibrated as the percentage expression

compared with 0 hr, which was designated as 100% fol-

lowing normalization to each β-actin band. In another

experiment, cells were pretreated with 2 mg/mL integrin

β1-neutralising antibody, total protein was extracted using

lysis buffer to analyze FAK, p-FAK, Erk, pErk, Elk1,

p-Elk1 levels. Western blot assay was performed as

described previously.15
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Luciferase Reporter Assays
Briefly, an appropriate amount of the EGR1 promoter-

luciferase reporters, together with renilla luciferase plas-

mids, which served as the internal control, were co-

transfected into HepG2 or HCCLM3 cells. 12 hrs

later, cells were pretreated with 2 mg/mL integrin

β1-neutralising antibody for 0.5 h and then with 250 ng/

mL IGFBP2 for the following 12 h, then the cell lysates

were prepared and subjected to Dual-luciferase Reporter

Assay (Promega) according to the manufacturer’s instruc-

tions. Luciferase activities were normalized to renilla luci-

ferase activities. Data represent at least three independent

experiments.

Cell Immunofluorescence
Cell immunofluorescence was performed as described

previously,16 HepG2 or HCCLM3 cells were seeded into

6-well plate with aseptic glasses, after starvation over-

night, IGFBP2 was added to the medium for 4 h, and

disposed with 4% paraformaldehyde and 0.25% Triton

X-100 at room temperature, after that, the cells were

incubated with anti-phosphorylated FAK and anti-

activated integrin β1 (Santa Cruz Biotechnology, USA),

which is antibody that binds to β1 only when it is in the

active conformation.17 The expression of phosphorylated

FAK, activated integrin β1 and DAPI nuclear localization

were examined under laser scanning confocal microscope.

Co-Immunoprecipitation
HepG2 or HCCLM3 cells were seeded at 1×107 cells in

10-cm plate, the following day, cells were pretreated in

serum-free medium overnight and then treated with 250

ng/mL IGFBP2 for 0.5 hr, 1 hr or 4 hrs at 37°C, each

protein was extracted using lysis buffer, activated integrin

β1 antibody was added for 2 hrs, then protein A/G PLUS-

Agarose into each sample at 4°C overnight, immunopre-

cipitates were washed, mixed with sample buffer, and

loaded on SDS gels, FAK or integrin β1 antibody was

used for Western blot detection.

Statistical Analysis
All analyses were performed using SPSS v19.0 and

Graphpad Prism 6.02. The comparison of the mean data

was performed by Student’s t-test, and the data of two

groups of continuous variables were compared by one way

ANOVA. A significance level was set at P < 0.05 for all

tests.

Results
Plasma IGFBP2 Levels in HCC Patients

and Matched Controls
To test whether there were differences in circulating IGFBP2

levels between HCC patients and healthy controls, we

obtained plasma samples from 37 HCC patients and 37 case-

matched healthy volunteers. Clinicopathological characteris-

tics of the 37 HCC patients are summarized in Table 1. Plasma

IGFBP2 levels were determined by ELISA by an investigator

blinded to clinical information. The results showed that the

mean plasma concentration of IGFBP2 in HCC patients

(372.38±139.68 ng/mL) was significantly higher than that of

healthy controls (289.18±104.49 ng/mL, P=0.006)

(Figure 1A). IGFBP2 values among HCC patients were then

analyzed for statistically significant associations and correla-

tions with clinicopathological data. There were no significant

Table 1 Clinicopathological Characteristics of HCC Patients and

Plasma IGFBP2 Levels (*P < 0.05)

Variable Patient(N) IGFBP2 ng/

mL

P value

Age 0.345

<50 11 406.2±40.41

≥50 26 358.1±27.87

Sex 0.361

Male 30 382.7±24.45

Female 7 328.3±62.80

Liver cirrhosis

Negative 12 420.8±43.41 0.147

Positive 25 349.2±26.20

HBV 0.099

Negative 17 331.2±30.11

Positive 20 407.4±32.54

Differentiation 0.021*

Grade I/II 20 325.0±23.66

Grade III/IV 17 429.1±37.78

Tumor size 0.038*

<5 cm 23 335.5±21.56

≥5 cm 14 432.9±45.96

Intrahepatic

metastasis

0.014*

Negative 14 301.3±27.93

Positive 23 415.7±29.71

Portal venous invasion 0.024*

Negative 16 313.9±26.19

Positive 21 416.9±32.42
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differences in plasma IGFBP2 levels when patients were

grouped by age, sex, liver cirrhosis, or Hepatitis B virus status

(Figure 1B–E). In contrast, serum IGFBP2 levels were sig-

nificantly higher in Grade III/IV cases compared with Grade I/

II cases (mean: 429.10 ng/mL vs. 325.00 ng/mL, P=0.021)

(Figure 1F), larger tumors (≥5 cm) compared with smaller

tumors (<5 cm) (mean: 432.93 ng/mL vs. 335.52 ng/mL,

P=0.038) (Figure 1G). Additionally, IGFBP2 levels were

higher inmetastatic cases than in the groupwithout metastases

(mean: 415.65 ng/mL vs. 301.29 ng/mL, P=0.014)

(Figure 1H); and in cases with portal vein invasion compared

with the group free from portal vein invasion (mean: 416.90

ng/mL vs. 313.94 ng/mL, P=0.024) (Figure 1I). These results

demonstrated that circulating IGFBP2 values were signifi-

cantly higher in HCC patients than in healthy controls, and

that the level of IGFBP2 positively was correlated with the

degree of differentiation, tumor size, metastasis, and portal

vein invasion, which suggested that IGFBP2 levels were

increased when HCC had progressed to advanced stages.

Exogenous IGFBP2 but Not Endogenous

IGFBP2 Overexpression Promoted HCC

Cells Proliferation
To investigate the role of IGFBP2 in HCC cell prolifera-

tion, we overexpressed endogenous IGFBP2 and added

exogenous recombinant human IGFBP2 to HCC cells.

The viability of HepG2 cells transfected with the

pcDNA3.1-IGFBP2 plasmid or the vector control was

detected by the CCK-8 assay, and the results showed that

cells did not show marked differences in their prolifera-

tion; the same results were also observed in HCCLM3

cells (Figure 2A and B). IGFBP-2 level secreted into the

medium of HCC/pcDNA3.1-IGFBP2 is much higher com-

pared to HCC/pcDNA3.1-ctr, but generally lower than

Figure 1 Plasma IGFBP2 levels in HCC patients and matched controls. The plasma IGFBP2 levels of 37 HCC patients and healthy controls were determined by ELISA assay

(A), IGFBP2 values for HCC patients were then analyzed statistically for association and correlation with clinical information (B–I). Each experiment was performed in

triplicate; *p<0.05, **p<0.01.

Abbreviation: ns, not significant.
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20ng/mL (Figure 2C). However, when we added recombi-

nant human IGFBP2 (31 to 250 ng/mL) to the culture

medium for 48 h and 72 h, the proliferation of HepG2

and HCCLM3 cells were elevated in a dose-dependent

manner (Figure 2D–G). These results suggested that exo-

genous IGFBP2 stimulation promotes HCC cell prolifera-

tion, while overexpressing endogenous IGFBP2 has no

effect.

Exogenous IGFBP2 Enhanced FAK, Erk,

and Elk1 Activation in HCC Cells
To identify the signaling pathways through which IGFBP2

promoted the proliferation of HCC cells, we examined

FAK, Erk, and Elk1 activation levels in HepG2 and

HCCLM3 cells. This signaling axis was first investigated

because the Erk pathway has previously been associated

with IGFBP2.18 A suboptimal IGFBP2 concentration (125

ng/mL) was chosen to stimulate cells, and protein samples

extracted from cultured cells were analyzed by Western

blot, using densitometric analysis to quantify relative

optical densities of immunoreactive bands using ImageJ

software. The results showed that levels of phosphory-

lated FAK, Erk, and Elk1 relative to total FAK, Erk, and

Elk1 were gradually increased from 0.5 h to 12 h after

IGFBP2 treatment, and then decreased from 12 h to 48

h (Figure 3A–D). Additionally, EGR1 expression was

elevated after IGFBP2 administration in HepG2 and

HCCLM3 cells (Figure 3A–D). It has been reported that

EGR1 is induced by Erk/Elk1 signaling in non-small cell

lung cancer and head and neck squamous cell carcinoma

cells.19 These results suggest that exogenous IGFBP2

enhances signaling through the FAK/Erk/Elk1/EGR1

axis in HCC cells.

Neutralizing Integrin β1 Inhibited IGFBP2-

Induced FAK/Erk/Elk1/EGR1 Activation
It has been reported that IGFBP2 binds to integrin β1 to

promote glioma cell invasion.17 Thus, we pre-treated

HepG2 and HCCLM3 cells with anti-integrin

β1-neutralizing antibody or nonimmune IgG for 0.5

h before IGFBP2 treatment, and then employed

Western blot and luciferase reporter assays to detect

the effects of IGFBP2 on intracellular signaling path-

ways. The results showed that blocking integrin β1 with

the neutralizing antibody inhibited IGFBP2-induced

FAK, Erk, and Elk1 phosphorylation but did not change

total FAK, Erk, or Elk1 protein levels (Figure 4A and

B). Luciferase reporter assays showed that IGFBP2

administration induced EGR1 promoter activity and

that neutralizing integrin β1 decreased IGFBP2-induced

EGR1 promoter activity (Figure 4C and D). These

results indicated that IGFBP2 mediates FAK/Erk/Elk1/

EGR1 pathway activation through integrin β1 in HCC

cells.

Figure 2 Exogenous IGFBP2 but not endogenous IGFBP2 overexpression promoted HCC cells proliferation. Growth of HepG2 and HCCLM3 cells transfecting with

pcDNA3.1-IGFBP2 plasmid and the vector control for 72 h (A, B). IGFBP-2 levels secreted into the medium of HepG2, HCCLM3 and genetically engineered cells were

detected by ELISA assay (C). Growth of HepG2 and HCCLM3 cells treated with different concentrations of exogenous recombinant human IGFBP2 for 48 or 72 h (D–G).

(**p < 0.01, *p < 0.05 compared with control group).
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IGFBP2 Activated Integrin β1 and

Promoted the Interaction Between

Integrin β1 and p-FAK
To further investigate the role of integrin β1 in HCC cells, we

observed the interaction between integrin β1 and phosphory-

lated FAK by co-immunoprecipitation and immunofluores-

cence assays. The activated integrin β1 antibody, which binds

to β1 only when it is in the active conformation, was used for

these assays. We found that there was little interaction

between activated integrin β1 and p-FAK in untreated cells,

while IGFBP2 administration to HCC cells induced a time-

dependent interaction between the two proteins (Figure 5A

and B). Immunofluorescence assays showed that IGFBP2

treatment increased levels of active integrin β1 at the plasma

membrane and increased colocalization of activated integrin

β1 and p-FAK (Figure 5C and D). These data suggest that

IGFBP2 activates integrin β1 and promotes the interaction

between integrin β1 and p-FAK.

Discussion
According to the follow-up survey by the Japanese Liver

Cancer Study group, the cumulative survival rates of

HCC after surgical removal are 52.3% at 5 years and

27.3% at 10 years; additionally, larger tumor size, portal

Figure 3 Exogenous IGFBP2 enhanced FAK, Erk, and Elk1 activation in HCC cells. Whole-cell lysates from HepG2 (A) and HCCLM3 (B) cells were treated with 125 ng/mL

IGFBP2 for different time point and subjected to SDS-PAGE for analyzing the expression of EGR1, FAK, Erk and Elk1, the activation of FAK, Erk and Elk1 were examined by

immunoblot assays using anti-phosphorylated antibody. The statistics of EGR1 expression, FAK, Erk, and Elk1 phosphorylation inHepG2 (C) and HCCLM3 (D) were analyzed using

ImageJ software. Relative optical density (ROD) is presented as a percentage of the 0 h immunoblot band. (**p < 0.01, *p < 0.05 compared with 0 h group, N=5 per group).
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vein invasion, and late clinical stages are associated with

worse survival rates.20,21 According to our results,

plasma IGFBP2 concentrations in HCC patients are sig-

nificantly higher than in healthy controls. Among HCC

patients, IGFBP2 levels were not correlated with age,

sex, liver cirrhosis or Hepatitis B virus status. Consistent

with the results of a previous study, IGFBP2 levels were

not correlated with age or the stage of hepatic cirrhosis

in HCC patients.7 However, serum IGFBP2 levels were

significantly higher in patients with poorly differentiated

lesions (Grade III/IV), larger tumors (≥5 cm), and in

those positive for portal vein invasion and metastasis.

Although we have not collected survival data for these

HCC patients, we speculate that the group with high

serum IGFBP2 levels may be associated with poorer

survival rates. This study showed that increased plasma

IGFBP2 levels were associated with disease progression,

suggesting that serum IGFPB2 level could be a novel

prognostic biomarker for HCC.

IGFBP2 treatment has been shown to stimulate the

growth of human epithelial ovarian cancer cells22 and

glioma cells.23 To investigate the mechanisms through

which plasma IGFBP2 affects HCC progression, we exam-

ined the effects of recombinant exogenous IGFBP2 on the

proliferation of HCC cells. We added different concentra-

tions of recombinant human IGFBP2 to the cell culture

medium and found that HCC cell proliferation was

induced in a dose-dependent manner; however, overex-

pressing endogenous IGFBP2 in HCC cells did not affect

their proliferation, for two reasons. Firstly, the IGFBP-2

concentration in the medium of HepG2, HCCLM3 and

genetically engineered cells were generally lower than

20ng/mL, which is much lower than the exogenous

IGFBP-2 level; secondly, it suggests that endogenous

IGFBP2 may transduce different signaling pathways that

have other cellular effects. It has been reported that the

JNK pathway was specifically involved in cell migration

in IGFBP2-overexpressing glioma cells.24 IGFBP2 over-

expression induces activation of the NF-κB pathway,

which drives epithelial-mesenchymal transition and inva-

sion in pancreatic ductal adenocarcinoma.9

The RGD adhesion motif of IGFBP2 is a known integrin-

binding domain, which suggests that exogenous IGFBP2

may function through binding to integrin receptors on the

Figure 4 Neutralizing integrin β1 inhibited IGFBP2-induced FAK/Erk/Elk1/EGR1 activation. Whole-cell lysates from HepG2 (A) and HCCLM3 (B) cells which were pre-

treated with anti-integrin β1-neutralising antibody or nonimmune IgG for 0.5 h before IGFBP2 treatment were subjected to SDS-PAGE for analyzing the expression of EGR1,

and the activation of FAK, Erk and Elk1. HepG2 (C) and HCCLM3 (D) cells were transfected with EGR1 promoter-luciferase reporter plasmid for 12 h, then pre-treated

with anti-integrin β1-neutralising antibody or nonimmune IgG for 0.5 h before IGFBP2 treatment for the following 12 h, and EGR1 promoter luciferase activities were

examined (**p < 0.01, *p < 0.05 compared with the left group, ##p < 0.01 compared with middle group).
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surface of HCC cells. There is evidence that IGFBP2 binds to

integrin β1 to promote glioma cell invasion.17 In this study,

exogenous IGFBP2 was found to stimulate HCC prolifera-

tion by binding to integrin β1. IGFBP2 activated integrin β1

and induced the interaction between integrin β1 and its

adaptor protein FAK. Previous studies have indicated that

integrin activation can activate ERK signaling, which trans-

duces growth signals and participates in cancer-related

processes.25 Our data showed that IGFBP2 treatment

increased the levels of phosphorylated FAK, Erk, and Elk1,

and upregulated EGR1 levels. Pre-treating HCC cells with an

integrin β1 blocking antibody reduced the IGFBP2-induced

activation of FAK, Erk, Elk1, and the transcription of EGR1,

suggesting that IGFBP2 functions through binding to integ-

rin β1 on HCC cells.

Conclusions
In summary, our results indicated that exogenous IGFBP2

activated integrin β1, and thus induced the combination and

colocalization of activated integrin β1 and p-FAK, which

Figure 5 IGFBP2 activated integrin β1 and promoted the interaction between integrin β1 and p-FAK. HepG2 (A) and HCCLM3 (B) cells were treated with IGFBP2 for

different time point. Whole-cell lysates were used for immunoprecipitation with activated integrin β1 antibody and p-FAK antibody were detected by Western blotting.

HepG2 (C) and HCCLM3 (D) cells on aseptic glasses were treated with IGFBP2 for 4 h and fixed, nuclei (blue) were stained with DAPI. Active form of integrin β1 (green)

was stained with activated integrin β1 antibody and p-FAK (red) was stained with anti-phosphorylated FAK antibody.
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promoted the phosphorylation of FAK, Erk, Elk1 and EGR1

transcription, eventually promoted HCC cell proliferation

(Figure 6). The mean plasma IGFBP2 concentrations in HCC

patients were higher than in healthy controls, and IGFBP2

levels in HCC were positively correlated with the degree of

differentiation, tumor size, metastasis, and portal venous inva-

sion. Plasma IGFBP2 could be a novel prognostic biomarker

for HCC patients.
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