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a b s t r a c t 

Background: Oncogenic insulin-like growth factor-II (IGF-II) is overexpressed in hepatocellular carcinoma 

(HCC). The present study aimed to analyze the dynamic alteration of IGF-II CpG site methylation status 

and its molecular mechanism in HCC progression. 

Methods: IGF-II alterations were observed in rat hepatocarcinogenesis models induced by 

2-acetylaminofluorene. Liver IGF-II expression was compared by immunohistochemistry or tissue IGF-II 

specific concentration (nmol/mg protein). Status of human IGF-II promoter 3 (P3) or rat IGF-II P2 CpG site 

methylation was amplified by methylation-specific polymerase chain reaction (MSP). Serum IGF-II levels 

were quantitatively detected by an enzyme-linked immunosorbent assay. 

Results: The levels of hepatic IGF-II expression were significantly elevated in the HCC group ( P < 0.001). 

The unmethylation rate of IGF-II P3 CpG sites was 100% in the HCC-, 52.5% in the paracancerous-, and 

none (0%) in the distal noncancerous-tissues. Abnormal IGF-II expression was related to differentiation 

degree, tumor invasion, and positive HBV-DNA (all P < 0.001), with a negative correlation between P3 

methylation degree and IGF-II expression. There was a positive correlation between liver IGF-II specific 

concentration and circulating IGF-II level ( r = 0.97, P < 0.001). Significantly negative correlation was found 

between IGF-II P2 CpG site methylation and circulating IGF-II ( r s = −0.89, P < 0.001) or liver IGF-II level 

( r s = −0.84, P < 0.001). 

Conclusions: The increase of serum IGF-II and the alteration of oncogenic gene IGF-II methylation may be 

biomarkers for HCC diagnosis and DNA methylation may be the therapeutic target of HCC. 

© 2019 First Affiliated Hospital, Zhejiang University School of Medicine in China. Published by Elsevier 

B.V. All rights reserved. 
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Introduction 

Hepatocellular carcinoma (HCC) ranks the sixth most common

cancer and the second leading cause of cancer mortality world-

wide. HCC is still one of the most common tumors in China, es-

pecially in the inshore area of Yangtze River [1] . The pathogenic

factors include chronic persistence hepatitis B or C virus (HBV or

HCV) infection [2,3] , aflatoxin B1 intake, nonalcoholic lipid accu-

mulation and so on [4,5] . Although some new techniques have

made great progress for HCC therapy, the prognosis of HCC pa-

tients is still very poor because of the late diagnosis and postoper-

ative recurrence. Recently, a study has shown that clinical utility of
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ew circulating tumor cells, key signal molecules, long non-coding

NA, and microRNA are the potential markers for monitoring

CC [6] . DNA cytosine methylation status, a central epigenetic

odification in cellular processes [7] is closely associated with the

evelopment and progression of HCC [8] . Oncogenic insulin-like

rowth factor-II (IGF-II) is a fetal growth factor and a mitogenic

olypeptide closely related to insulin and highly expressed in ex-

erimental liver cancer [9] . 

IGF-II molecular abnormalities are risk factors of HCC [10] .

GF-II gene contains 9 exons (E1-9) and 4 promoters (P1–P4) and

as complex regulation of transcription. Different promoters initi-

te different mRNA transcriptions, which contribute to cell prolif-

ration, differentiation, anti-apoptosis and invasive behaviors [11] .

epatic and circulating IGF-II is overexpressed during HCC de-

elopment. However, little is known about the relationship be-

ween IGF-II gene methylation and hepatocarcinogenesis [12] . In
a. Published by Elsevier B.V. All rights reserved. 
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his study, we investigated the dynamic alterations of IGF-II gene

pG site methylation status in different tissues of human HCC and

he relationship between IGF-II gene and malignant transformation

f hepatocytes in HCC rat model. 

ethods 

uman HCC tissues 

Human HCC-, paracancerous- and distal noncancerous-tissues

ere obtained from 80 patients who underwent hepatectomy for

iver cancers at the Affiliated Hospital of Nantong University, China.

he livers were immediately frozen in liquid nitrogen and kept at

80 °C until use. Tissue samples were stained with Hematoxylin–

osin (H&E) and evaluated by independent pathologists. The diag-

osis of HCC was based on the criteria proposed by Chinese Na-

ional Collaborative Cancer Research Group [13] . This study was

pproved by the Institutional Review Board of Affiliated Hospital

f Nantong University. The written informed consent was obtained

rom the patients. 

at HCC model 

A total of 42 Sprague-Dawley rats (4–6 weeks) were provided

y the Experimental Animal Center of Nantong University. Feed-

ng conditions included clean environment, 12-h light/dark cy-

le, and 55% humidity according to the previously described [14] .

ontrol group ( n = 6) were fed with normal diet, and the HCC

roup ( n = 36) were fed with 0.05% 2-acetylaminofluorene (2-AAF,

igma, St Louis, USA) in diet. The rats were checked for status and

acrificed every two weeks. Rat livers were used for pathology,

otal protein extraction, and quantitative analysis of IGF-II. All pro-

edures were performed according to the guidelines of the Animal

are and Use Committee of Nantong University, China. 

mmunohistochemistry 

Immunohistochemistry kits were purchased from the Fuzhou

aixin Biotechnology Development Co., China, and anti-human/rat

GF-II antibodies were from the Jingmei Biotechnology Develop-

ent Co., Shanghai, China. Sections (5 μm) were mounted on

harged glass slides, deparaffinized with xylene for 3 × 15 min

nd rehydrated using a graded ethanol series. Antigen retrieval

as performed by placing the samples in a microwave oven for

2 min, with occasional interruption to avoid degradation by ex-

essive heat, then treated with hydrogen peroxide, followed by in-

ubation with primary or secondary antibodies. Streptavidin-biotin

omplex, amplified reagent, streptavidin-peroxidase, and substrate 

hromogen solutions were used (Envision system, DAKO, Glostrup,

enmark) according to the manufacturers’ protocol, then counter-

tained with hematoxylin, rinsed with ethanol, dried and visual-

zed by light microscopy. Anti-human/rat IGF-II antibodies were
Table 1 

Primers of IGF-II P3 CpG site methylation for the M

Primers Sequences (5 ′ −3 ′ ) 

hP3M, Forward TTT TTA AAT TAT CGT GGT GG

hP3M, Reverse GTC TAA ATA ACT CGC CTT TA

hP3U, Forward TTT TTA AAT TAT TGT GGT GG

hP3U, Reverse CAT CTA AAT AAC TCA CTT TA

rP2M, Forward GAG AGG TTA GTT TCG GGT G

rP2M, Reverse AAA TTT ACT TAA TTA CAA AT

rP2U, Forward GAG AGG TTA GTT TTG GGT G

rP2U, Reverse AAA TTT ACT TAA TTA CAA AT

hP3M: human IGF-II gene no. 3 promoter CpG m

promoter CpG ummethylation; rP2M: rat IGF-II ge

rat IGF-II gene no. 2 promoter CpG ummethylation
urchased from Santa Cruze (San Diego, CA, USA). The slides were

ead by two pathologists and the percentage of cytoplasmic stain-

ng was recorded. 

NA extraction 

Total DNA were purified by the Wizard Cleanup DNA Purified

it (Promega, Madison, USA). Ten milligram of each liver was ho-

ogenized after addition of 600 μL of nuclear lysis buffer reagent

or 10 s, and incubated at 65 °C for 30 min, then added 3 μL of

Nase to tubes. The mixture was incubated at 37 °C for 30 min, put

t room temperature for 5 min, added 200 μL of protein precipita-

ion reagent to tubes, mixed by vortex-mixing for 20 s, and put at

 °C for 5 min. The tubes were centrifuged at 16,0 0 0 rpm for 4 min

t 4 °C. The supernatants were collected, and isopropanol (600 μL)

as added and mixed gently; once obvious stripe like DNA was

bserved, the tubes were centrifuged at 16,0 0 0 rpm for 1 min.

he supernatants were removed, the pellets washed for twice with

00 μL of 70% ethanol, mixed and centrifuged at 16,0 0 0 rpm for

 min. The supernatants were removed again, and the DNA pellets

ere air dried for 15 min at room temperature and reconstituted

n 100 μL of DNA Rehydration Solution and incubated at 65 °C for

 h. The purity and concentration of DNA was measured by optical

ensity at A260 and A280 nm in an ultraviolet spectrophotometer,

nd then stored at 4 °C. 

ethylation-specific PCR 

The modification of purified DNA was performed using the DNA

odification Kits (Qiagen Sci, MD, USA) according to manufac-

urer instructions. Bisulfite modification, methylation-specific PCR 

MSP), and bisulfite sequencing DNA were prepared by the pro-

einase K method. Bisulfite treatments of IGF-II gene promoters

ere carried out as previously described [15,16] . Primers were de-

igned using a software developed by the Johns Hopkins Univer-

ity ( www.mspprimers.org ) based on human IGF-II P3 (X05331) or

at IGF-II P2 (X17012). The sequences of methylated/unmethylated

NA primer pairs used for the MSP amplification are shown in

able 1 . MSP conditions were as following: hot-start Taq poly-

erase (Qiagen Sci) was used with initial activation and denatu-

ation at 94 °C for 5 min; 35 cycles at 94 °C for 40 s; 49 °C for

uman IGF-II or 51 °C for rat IGF-II for 40 s; 72 °C for 40 s followed

y final extension 72 °C for 10 min. Methylated DNA (M) and un-

ethylated DNA (U) were used as controls, respectively. The MSP

roducts were electrophoresed on 2% agarose gels with ethidium

romide staining. The sizes were evaluated using DNA markers as

olecular weight standards. 

etection of IGF-II level 

Rat liver tissue (100 mg) was homogenized with extraction

eagent (1:20), and phenylmethylsulfonyl fluoride was added.
SP amplification. 

Position Size 

T TTT C nt −889 to −768 122 bp 

C GA 

T TTT TG nt −889 to −767 123 bp 

C AAC 

TA TC nt −1102 to −879 224 bp 

T CGA C 

TA TTG nt −1102 to −879 224 bp 

T CAA C 

ethylation; hP3U: human IGF-II gene no. 3 

ne no. 2 promoter CpG methylation; rP2U: 

; MSP: methylation- specific PCR. 

http://www.mspprimers.org
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Fig. 1. IGF-II expression and methylation. A : HCC tissues (S-P, original magnification × 200); B : para-cancerous tissues (S-P, original magnification × 200); C: distal noncancer- 

ous tissues (S-P, original magnification × 200). D : IGF-II P3 CpG methylation. A1 : the unmethylation fragments (123 bp) in HCC tissues; B1 : the fragments of unmethylation 

(123 bp) or methylation (122 bp) in para-cancerous tissues; C1 : the methylation (122 bp) fragments in distal cancerous tissues. HCC: hepatocellular cancinoma; Para-HCC: 

para-cancerous tissues; and Distal-HCC: the distal noncancerous tissues. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2 

Incidence of IGF-II P3 CpG site methylation in different liver tissues. 

Groups n M (%) PM (%) UM (%) Z value a P value a 

HCC 80 0 0 80 (100%) 6.708 < 0.001 

Para-HCC 80 0 38 (47.5%) 42 (52.5%) 4.290 < 0.001 

Dis-HCC 80 80 (100%) 0 0 (0.0) 

a Compared with the distal-noncancerous group. M: methylation of liver IGF-II P3 

CpG sites; PM: partial methylation of liver IGF-II P3 CpG sites; UM: unmethylation 

of liver IGF-II P3 CpG sites. HCC: the hepatocellular carcinoma group; Para-HCC: the 

paracancerous group; Dis-HCC: the distal-noncancerous group. 
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After shaking in ice-cold, the tubes were centrifuged according

to previously described method [14] . The supernatant was trans-

ferred to a tube and the protein concentrations were detected by

the Bicinchoninic Acid detection kit (Beyotime, Shanghai, China).

IGF-II levels of serum or tissue supernatant were detected with

ELISA (Active TM IGF-II ELISA, TX, USA) according to the manu-

facturer’s instructions. In brief, standards, controls and samples

were incubated in microtitration wells, which had been coated

with anti-IGF-II antibodies. After incubation and washing, the wells

were treated with another anti-IGF-II detection antibody labeled

with horseradish peroxidase. After a second incubation and wash-

ing, the wells were incubated with the substrate tetramethyl-

benzidine. An acidic stopping solution was then added and the

degree of enzymatic substrate turnover was determined by dual

wavelength absorbance (A) measurement at 450 nm and 620 nm. 

Statistical analysis 

Human livers were divided into HCC, paracancerous, and distal

noncancerous groups. Rat livers according to histological examina-

tion were divided into the normal control, degeneration, precan-

cerosis, and HCC groups. Results are expressed as mean ± standard

deviation (SD). Differences among different groups were assessed

by the Student’s t test, rank sum test, Chi-square test or one-way

ANOVA. Pearson’s correlation ( r ) was applied to analyze expression

between rat liver and serum IGF-II level. Spearman’s correlation

coefficient ( r s ) for ranked data was then calculated to investigate

whether there is a relationship between rat IGF-II gene P2 methy-

lation and serum or liver IGF-II expression. A P value < 0.05 was

considered statistically significant. 

Results 

Patient characteristics 

The patients included 64 men and 16 women, ranging from 29

to 74 years old. There were 48 cases with tumor size larger than

5 cm, 32 cases with serum AFP level more than 400 ng/mL. All

cancerous-tissues were HCC; the paracancerous tissues were cir-

rhosis in 54 cases, chronic hepatitis in 26 cases, and atypical hy-

perplasia in 12 cases; and the non-cancerous tissues were cirrhosis

in 32 cases, chronic hepatitis in 30 cases, and atypical hyperplasia

in 18 cases. 
GF-II expression and P3 CpG methylation in human HCC 

The IGF-II expressions showed that IGF-II was strongly ex-

ressed in human HCC ( Fig. 1 A), moderately expressed in

aracancerous-tissues ( Fig. 1 B) and weakly expressed in distal

oncancerous-tissues ( Fig. 1 C). The methylation status of IGF-II P3

pG site in different tissues was shown in Fig. 1 D. The comparative

nalysis of methylation degree among different groups is summa-

ized in Table 2 . There was none methylational band in the HCC

issue (0%, 0/80), partial methylation in the paracancerous tissue

47.5%, 38/80), and all methylation in the distal noncancerous tis-

ue (100%, 80/80), respectively ( P < 0.001). 

GF-II expression and clinicopathological features of HCC 

There were 69 (86.25%) cases of HCC tissues with positive IGF-II

xpression. The correlation between IGF-II expression and clinico-

athological features of human HCC tissues are shown in Table 3 .

he level of IGF-II expression was significantly higher in HCC with

oderate or poor differentiation than that with high differentia-

ion (92.86% and 100 % vs 43.75%, P < 0.001). Hepatic IGF-II ex-

ression was markedly lower in HCC without serosa invasion than

hat with serosa invasion (57.69 % vs 100%, P < 0.001). The level of

GF-II expression in HBV DNA-positive HCC was significantly higher

han that in HBV DNA-negative ones (100 % vs 54.17%, P < 0.001).

GF-II expression was not related to TNM staging, tumor size, tu-

or number, and serum AFP concentration. 

ynamic alterations of IGF-II methylation in hepatocarcinogenesis 

According to the H&E staining, rat livers ( n = 42) were divided

nto the control ( n = 6), degeneration ( n = 18), precancerosis ( n = 9),



B.-J. Tai et al. / Hepatobiliary & Pancreatic Diseases International 18 (2019) 158–163 161 

A

B

C
Fig. 2. Dynamic alterations of IGF-II and IGF-II gene P2 CpG site methylation in the process of hepatocarcinogenesis in rat. A: the rat liver at different stages ( a : the control 

liver; b : the degeneration liver; c : the precancerous liver; and d : HCC). B : the IGF-II immunohistochemical staining ( a 1 −d 1 ) corresponding to above rat liver tissues ( a–d ) 

(S-P, original magnification × 100). C: the DNA methylation status (224 bp) of IGF-II P2 CpG site based on the accession number. M: the methylational fragments; U: the 

unmethylational fragments. 

Table 3 

Clinicopathological features of IGF-II expression in HCC tissues. 

Clinicopathological features n No. IGF-II-Pos. (%) χ 2 value P value 

Differentiation 

Well 16 7 (43.8%) 

Moderately 28 26 (92.9%) 13.095 a < 0.001 a 

Poorly 36 36 (100%) 24.488 a < 0.001 a 

TNM staging 

I–II 20 15 (75.0%) 2.846 0.092 

III–IV 60 54 (90.0%) 

Serosa invasion 

With 54 54 (100%) 26.488 < 0.001 

Without 26 15 (57.7%) 

Tumor size (cm) 

< 5 32 26 (81.3%) 1.124 0.289 

≥5 48 43 (89.6%) 

AFP (ng/mL) 

< 400 48 44 (91.7%) 1.022 0.312 

≥400 32 27 (84.4%) 

Tumor number 

Single 31 26 (83.9%) 0.242 0.623 

Multiple 49 43 (87.8%) 

HBV DNA 

Positive 56 56 (100%) 29.758 < 0.001 

Negative 24 13 (54.2%) 

a Compared with the well differentiated group. AFP: α-fetoprotein; HBV: hepatitis 

B virus; HCC: hepatocellular carcinoma; No. IGF-II-Pos.: the number of positive IGF- 

II expression in HCC tissues; TNM: tumor node metastasis. 

a  

s  

a  

t  

Table 4 

Incidence of IGF-II gene P2 CpG site methylation in rat HCC. 

Groups n M PM UM MR (%) Z value a P value a 

Normal control 6 6 0 0 6 (100%) 

Degeneration 18 13 2 3 15 (83.3%) 1.411 0.158 

Precancerosis 9 0 2 7 2 (22.2%) 3.586 < 0.001 

HCC 9 0 0 9 0 3.742 < 0.001 

a Compared with the normal control group. M: methylation of rat liver IGF-II P2 

CpG sites; PM: partial methylation of rat liver IGF-II P2 CpG sites; UM: unmethyla- 

tion of rat liver IGF-II P2 sites; MR: the methylational rate of rat liver IGF-II P2 CpG 

sites. 

h  

t  

g  

g  

a  

s  

a  

g  

i

I

 

l  

T  

s  

h  

t  
nd HCC ( n = 9) groups. The relationship between IGF-II expres-

ion and IGF-II gene P2 CpG methylation was explored in rat hep-

tocarcinogenesis model ( Fig. 2 ). Immunohistochemistry showed

hat the expression of IGF-II was gradually increased following the
epatocarcinogenesis. The IGF-II gene P2 CpG site methylation sta-

us showed that DNA fragments were all methylated in the control

roup, partially methylated in the degeneration or precancerous

roups, and all unmethylated in the HCC group. The comparative

nalysis of IGF-II gene methylation degree in different groups was

ummarized in Table 4 . Significantly low methylation rate (22.2%

nd 0%, respectively) was observed in the precancerous and HCC

roups, and high methylation rate (100% and 83.3%, respectively)

n the normal control and degeneration groups. 

GF-II expression with malignant transformation of hepatocytes 

The expressions of circulating or liver IGF-II with the ma-

ignant transformation of rat hepatocytes are shown in Table 5 .

he quantitative analysis showed that blood and liver IGF-II were

ignificantly increased following the malignant transformation of

epatocytes and the blood and liver IGF-II level were posi-

ively correlated ( r = 0.97, P < 0.001). Also, there was significantly
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Table 5 

Expression of IGF-II in serum and liver of HCC rat. 

Groups n Serum IGF-II (nmol/L) Liver IGF-II (nmol/mg protein) 

Mean ± SD q value a P value a Mean ± SD q value a P value a 

Normal control 6 199.6 ± 25.4 69.7 ± 6.0 

Degeneration 18 232.2 ± 57.9 1.18 0.643 73.2 ± 17.0 1.63 0.723 

Precancerosis 9 365.5 ± 32.1 5.36 0.040 93.7 ± 11.2 4.18 0.036 

HCC 9 600.4 ± 150.1 12.97 < 0.001 107.6 ± 9.8 6.75 0.004 

a Compared with the normal control group. Liver IGF-II: the IGF-II specific concentration (nmol/per mg 

protein) in rat livers. 
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negative correlation between rat IGF-II gene P2 CpG site methyla-

tion and circulating IGF-II level ( r s = −0.89, P < 0.001) or liver

IGF-II concentration ( r s = −0.84, P < 0.001). 

Discussion 

Hepatocarcinogenesis is a multi-factor, multi-step, and complex

process. Genetic and epigenetic changes regulate the expression of

cancer-related genes, including DNA methylation, histone modifica-

tion, and chromosome remodeling [6,11] . The mechanisms of DNA

methylation within CpG islands in HCC include: oncogenes acti-

vated by DNA methylation (c-Jun, c-Myc and c-Ha-ras) and tumor

suppressor genes inactivated (P16) that have negative relationship

with genes expression. IGF-II is speculated to serve as an autocrine

growth factor in various cancers, and most of the cirrhotic and HCC

tissues express IGF-II [17] . In this study, the dynamic changes of

IGF-II gene promoter methylation status were investigated in tis-

sues of human HCC or rat HCC. 

Many studies showed that the gene methylation status was

closely related to the development of HCC [ 16 –18 ]. IGF-II is highly

expressed in the fetal liver and new born, which is mainly based

on activation of P2–P4. IGF-II expression is strongly reduced in

adulthood, mainly based on activation of P1 [7,11] . IGF-II expres-

sion was elevated in rat preneoplastic lesions and in HCC tissues.

The frequencies of IGF-II gene P3 methylation were lost in HCC tis-

sues, half of methylation or unmethylation in paracancerous tis-

sues, and all methylation in distal noncancerous tissues, suggesting

the correlation between loss of IGF-II gene methylation and HCC

progression, and it could be an early event in HCC formation. 

Abnormal IGF-II expressions in HCC tissues are significantly re-

lated to the loss of IGF-II gene methylation, especially in patients

with HBV or HCV infection [19,20] . The expression of IGF-II in HCC

tissues is associated with degree of differentiation, serosa invasion,

and HBV infection. Alteration of IGF-II gene methylation should be

a central epigenetic modification that has essential roles in cellu-

lar processes including genome regulation, development and dis-

ease. The methylation rates of IGF-II gene P3 in HBV-related HCC

patients were significantly decreased, suggesting the negative cor-

relation between methylation status of IGF-II gene P3 and HCC, and

the epigenetic analysis of IGF-II gene or other HCC related genes

could be useful to understand carcinogenic processes and to de-

velop a novel targeted therapy for HCC. 

In this study, the dynamic alterations of liver IGF-II, circulating

IGF-II and IGF-II gene methylation were identified with rat model

of hepatocarcinogenesis [21] . The quantitative analysis of IGF-II in

either blood or liver demonstrated that its expression was posi-

tively related with malignant transformation of rat liver cells. There

was a closely positive correlation between liver IGF-II specific con-

centration and serum IGF-II level. For the first time, significantly

negative correlation was found between rat IGF-II gene CpG site

methylation and serum or liver IGF-II expression. This alteration

was in agreement with the presence of an increasing methyla-

tion gradient from the cancer to the distal, with a higher level

of methylation from well to poorly differentiated HCC, suggesting
hat the oncogenic IGF-II activation by regulating gene methylation

ould promote malignant transformation of hepatocytes. 

In conclusion, the present study firstly reported that elevated

xpression of IGF-II during HCC formation was the result of IGF-II

ene dynamic demethylation. Serum IGF-II may be a biomarker for

CC diagnosis and DNA methylation may be the therapeutic target

f HCC. 
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