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ABSTRACT

 Abnormal expression of liver insulin-like growth factor-II (IGF-II) regulating by the methylation 
of its gene promoter (P1~4) CpG islands through epigenetic silencing of fetal P2, P3, and P4, or adult 
P1 is associated with progression of HBV-related hepatocellular carcinoma (HCC). The aims of the 
present study were to investigate the alteration of methylational status in P3 region CpG islands, and 
analyze IGF-II expression and clinicopathological features in HBV-related HCC. The methylational 
status of P3 region CpG islands was observed in the matched parts of HCC tissues by methylation-
specific PCR. Hepatic IGF-II expression was analyzed by immunohistochemistry. IGF-II mRNA 
was amplified by RT-PCR, and confirmed by sequencing. Serum IGF-II levels were quantitatively 
detected by ELISA assay. The frequencies of IGF-II mRNA positive fragment, IGF-II positive, 
and the P3 hypomethylated CpG islands were 100%, 87.5%, and 100% in HCC-, 53.3%, 47.5%, 
and 52.5% in paracancerous-, and none in noncancerous-tissues, respectively. Significant IGF-II 
expression in HCC tissues was related to differentiation degree (moderate or poor), tumor invasion, 
and positive-HBV DNA (P<0.05). An inverse correlation was found between P3 methylational degree 
and IGF-II expression. The levels of hepatic IGF-II and serum IGF-II expression were significantly 
elevated (P<0.001) in the HCC group more than any of the other groups. Abnormality of hepatic 
IGF-II expression is associated with hypomethylational status of its fetal promoter CpG sites, and 
circulating IGF-II abnormality is a useful biomarker for HCC diagnosis.

Key words: Hepatocellular carcinoma, Insulin-like growth factor-II, Promoter, 
Methylation-specific PCR, Diagnosis, Biomarker.

InTRoDuCTIon

 Hepatocellular carcinoma (HCC) is one of 
the most common malignancies in China, particularly 
in the eastern and southern areas, including the 
inshore area of the Yangtze River1~3. Major risk 
factors for HCC in these areas are exposure to 
aflatoxin B1 and infection by hepatitis B virus (HBV)4. 
Carcinogenesis of hepatocytes is a multi-factor, 

multi-step, and complex process5. Genetic and 
epigenetic changes including DNA methylation, 
histone modification, and DNA methylation are the 
core biological processes in HCC6. 7. DNA cytosine 
methylation is a central epigenetic modification that 
has essential roles in cellular processes including 
genome regulation, development and disease8. 9. 
The methylational status is closely associated with 
the HCC development and progression10. Insulin-
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like growth factor-II (IGF-II) is a kind of fetal growth 
factor and a mitogenic polypeptide closely related 
to insulin and highly expressed in rat hepatocyte 
carcinogenesis11~13.

 Identification of molecular abnormalities 
associated with an increased risk of HCC is 
particularly important to improve knowledge of 
both the pathways of liver carcinogenesis and the 
outcomes14, 15. IGF-II gene which contains 9 exons 
(E1~E9) and 4 promoters (P1~P4) has complex 
regulation of transcription, resulting in multiple 
mRNAs initiated by different promoters, which 
contribute to cell proliferation, differentiation, anti-
apoptosis, and invasive behavior16, 17. Hepatic and 
circulating IGF-II is overexpressed during HCC 
occurrence and development13. As a hypoxia- 
inducible angiogenic factor stimulates the growth 
of HCC cells in vitro18, 19. However, little is known 
of the relationship between IGF-II gene’s promoter 
methylation status and hepatocarcinogenesis. In 
the present study, we investigated the alterations 
of IGF-II gene promoter methylational status, 
expression, and gene transcription in HCC tissues, 
and relationship between circulating IGF-II levels 
and clinical pathological features.

Patients and Methods
Patients
 There were 146 patients with HCC enrolled 
for this study at Affiliated Hospital of Nantong 
University, China. The patients’ ages ranged from 
26 to 74 years old (median, 46 years). 134 patients 
(91.8%) had a history of cirrhosis, and 22 (15.1%) 
had a history of chronic hepatitis. All patients were 
diagnosed by blood biochemical tests, viral histology 
and B-ultrasonic examination. The incidence of 
hepatitis virus in these patients was 80.8% (118 of 
146) in HBsAg, and 11.0 % (16 of 146) in antibody 

to HCV (ELISA, Beijing, China). Serum AFP level 
ranged from 33 to 2500 ng/mL (median, 425 ng/
mL) and more than 50 ng/mL was taken as a 
positive result. Other patients included 39 with 
acute hepatitis, 72 with chronic hepatitis, 75 with 
decompensated cirrhosis, and 60 healthy subjects 
with negative-HBV markers (HBsAg, HBcAb, and 
HBV-DNA) and normal ALT levels from the Nantong 
Central Blood Bank. Bloods were collected in the 
morning. The diagnosis of HCC was based on the 
criteria proposed by Chinese National Collaborative 
Cancer Research Group20.

HCC tissues
 Human hepatoma-, para-cancerous- and 
distal cancerous- tissues in this study were obtained 
from 40 patients who underwent operations for 
liver cancers at the Affiliated Hospital of Nantong 
University, China. The livers were immediately frozen 
in liquid nitrogen and kept at -80! until required. The 
patients included 32 men and 8 women, ranging 
from 29 to 74 years old. The sizes of tumors were 
24 cases with more than 5 cm and 16 with less than 
5 cm. Serum AFP levels were 16 cases with more 
than 400 ng/mL, and 24 with less than 400 ng/mL. 
Histopathological analysis of all samples staining 
with Hematoxylin-Eosin (H&E) were evaluated and 
subjected to histological diagnosis by independent 
pathologists. All cancerous tissues were highly 
differentiated HCC; the para-cancerous tissues of the 
tumors were cirrhosis in 27 cases, chronic hepatitis 
in 13 cases, and atypical hyperplasia in 6 cases; 
and the noncancerous tissues were cirrhosis in 16 
cases, chronic hepatitis in 15 cases, and atypical 
hyperplasia in 9 cases. Ethics Statement, this study 
was approved by the Institutional Review Board, 
Affiliated Hospital of Nantong University, and written 
informed consent was obtained.

Table 1: The status of IGF-II promoter 3 methylation in different liver tissues

Group n M (%) PM (%) uM (%) Z  P*

HCC tissues 40 0(0.0) 0(0.0) 40(100) 6.708 <0.001 
Para-cancerous tissues 40 0(0.0) 19(47.5) 21(52.5) 4.290 <0.001
Distal cancerous tissues 40 40(100) 0(0.0) 0(0.0)

P < 0.01, compared with the distal cancerous group; M, methylation of liver IGF-II gene P3 
promoter; 
PM, part methylation of liver IGF-II gene P3 promoter; UM, unmethylation of liver IGF-II gene P3 
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Isolation of total RnA and synthesis of cDnA
 Total RNAs were isolated from liver tissues 
by the guanidine thiocyanate method with RNAzole 
reagent (Promega) and purified as described 
elsewhere. RNAs were dissolved in tromethamine-
HCl buffer (10 mmol/L, pH 8.0) containing EDTA 
10 mmol/L. The level of total RNAs was measured 
by optical density at 260 nm in an ultraviolet 
spectrophotometer (Shimadzu UV-2201 type, Kyoto, 
Japan), and calculated µg/mg wet liver tissue, and it 
was stored at –85°C. For synthesis of cDNA, 2 ìg of 
total RNAs was denatured in the presence of random 
hexamers (200 pmol/L, Promega, Madison, WI, 
USA) at 95°C for 5 min and incubated with moloney 
murine leukemia virus reverse transcriptase (GIBCO, 
BRL) at 23°C for 10 min, 42°C for 60 min and 95°C 
for 10 min, then on ice for 5 min, and stored at –20°C 
for PCR analysis.

Amplification of nested PCR
 The resulting cDNA was amplified by 
a nested PCR with two pairs of primers. The 
oligonucleotides were designed according to IGF-
II sequence and synthesized with synthesizer 
(Model 381A, Applied Biosystems, Foster City, 
USA). The sequences of the 2 external primer pairs 
used for the initial PCR amplification were IGF-II-1 
(sense), 5’-ATGGGAATGCCAATGGGGAAG-3’ 
(nt 251~271) and IGF-II-2 (anti- sense), 5’-
CTTGCCCACGGGGTATCTGGG-3’ (nt 566~586), 
the size of amplified gene fragment was 336 bp. 
The sequences of the two internal primer pairs 
used for the second PCR amplification were 
IGF-II-3 (sense), 5’-TGCTGCATTGCTGCTTACC 
G-3’ (nt311~330) and IGF-II-4 (anti-sense), 5’-
AGGTCACAGCTGCGGAAACA-3’ (nt 461~480). 
PCR amplification consisted of initial denaturation 
at 94°C for 5 min, followed by 94°C for 25 sec, 

Table 2: The clinical pathological features of IGF-II expression in HCC tissues

Group n no. (IGF-II-Pos. %) Ç2 value P value

HCC 40 35 (87.5)      
Differentiation
Well 8 4(50.0)
Moderate 14 13(92.9)* 5.324 0.021
Poor 18 18(100)* 10.636 0.001
TNM staging
I~II 10 8(80.0) 0.076 0.783
III~IV 30 27(90.0)
Serosa invasion
With 27 27(100) 8.612 0.003
Without 13 8(61.5)
Tumor size
< 5 cm 16 13(81.3) 0.238 0.626
≥5 cm 24 22(91.7) 
AFP(ng/mL) 
< 400 24 22(91.7) 0.238  0.626
≥400 16 13(81.3) 
Tumor number
Single 16 14(87.5) 0.000  1.000
Multiple 24 21(87.5)
HBV DNA
Positive 28 28(100) 9.796  0.002
Negative 12 7(58.3)

*Compared with the well differentiation group. No. IGF-II-Pos., the number of positive IGF-II 
expression in HCC tissues
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55°C for 30 sec, and 72°C for 90 sec for 30 cycles. 
The product was 170 bp. Human glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) genome was 
used as a control. Primer sequence for GAPDH was 
GAPDH-1 (sense), 5’-ACCACAGTCCATGCCATCAC-
3’(nt 601-620) and GAPDH-2 (anti-sense), 5’-
TCCACCACCCTGTTGCTGTA-3’ (nt 1033-1052), 
the PCR product was 452 bp (GAPDH gene 
transcript, 40 pmol/L). The PCR products were 
electrophoresed on 2% agarose gels with ethidium 
bromide staining. The sizes were evaluated using 
PCR markers (Promega) as molecular weight 
standards.

Immunohiostochemistry
 Al l  immunohistochemistr y k i t  was 
purchased from Fuzhou Maixin Biotechnology 
Development Company, China, and multiclonal 
anti-human IGF-II antibody was from Shanghai 
Jingmei Biotechnology Development Company, 
China. Sections (5 mm) were mounted on charged 
glass slides, deparaffinized with xylene for 2 × 
10 min and rehydrated using a graded ethanol 
series. Antigen retrieval was performed by placing 

the samples in a microwave oven for 12 min, with 
occasional interruption to avoid tissue degradation 
by excessive heat. The slides were then treated 
with hydrogen peroxide, followed by incubation 
with the primary and secondary antibodies, a 
streptavidin-biotin complex, an amplification reagent, 
streptavidin-peroxidase and substrate-chromogen 
solution using the Envision system according to the 
manufacturers’ protocol (DAKO). The samples were 
then counterstained with hematoxylin, rinsed with 
ethanol, dried and visualized by light microscopy. 
Tissue samples to which no primary antibody had 
been added were used as negative controls. The 
antibody of IGF-II (1:10 dilution) was purchased 
from Santa Cruze (San Diego, CA). The slides were 
read by two pathologists and the percentage of the 
cytoplasmic staining was recorded. 

DnA Extraction
 Total DNA were purified by Wizard Cleanup 
DNA Purified kit. Ten mg of each liver tissue were 
homogenized with a homogenizer after addition of 
600 µL of nuclear lysis buffer reagent for 10 sec, and 
incubated at 65°C for 30 min. Then 3 µL of RNase 

A, Exon-intron and 4 promoter structure of human IGF-II gene. The primers were designed based on the accession 

number (X05331) of P3. Exons are shown as numbered boxes (plain are coding). The 122 bp (P3M) or 123 bp (P3u) 

fragment of P3 amplified for methylation analysis is enlarged below. Vertical lines indicate 13 CpG positions; B, 

The analysis of P3 methylation status in different tissues. T, the HCC tissues; nT, the para-cancerous tissues; n, 

the distal-cancerous tissues; u,Demethylation; M,Methylation; m, DnA molecular marker.

Fig 1: Primer design and methylation analysis of liver IGF-II gene promoter 3 (P3) in HCC
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to tubes, the mixture incubated at 37µ for 30 min, 
put at room temperature for 5 min. And 200 µL of 
protein precipitation to tubes, mixed by vortex-mixing 
for 20 sec, put at 0 °C for 5 min, then centrifuged 
at 16000 rpm for 4 min at 4°C. The supernatants 
were collected, and added 600 µL isopropanol to 
a new tube and mixed gently; once obvious stripe 
like DNA was observed, then centrifuged at 16000 
rpm for 1 min. The supernatants were removed, 
washed the DNA pellets twice with 600 µL of 70% 
ethanol, mixed and centrifuged at 16000 rpm for 1 
min. The supernatants were removed again, the DNA 
pellets were air dried 15 min at room temperature 
and reconstituted in 100 µL of DNA Rehydration 
Solution and incubated at 65 °C for 1 h. The purity 
and concentration of DNA was measured by 
optical density at A260 and A280 nm in an ultraviolet 
spectrophotometer, and it was stored at 4 °C.

Methylation-specific PCR (MSP)
 The modification and purified of DNA were 
performed using the DNA Modification Kit according 
to the protocol. The promoter methylation status of 
IGF-II gene was determined as described previously. 
The primers were designed using a software 
developed at the Johns Hopkins University (www. 
mspprimers.org) based on the accession number 
(X05331) of IGF-II gene promoter 3 (Fig.1A). The 
sequences of the 2 methylation primer pairs used 
for MSP amplification were P3M-F (sense), 5’-
TTTTTAAATTATCGTGGTGGTTTTC-3’ and P3M-R 
(anti-sense), 5’-GTCTAAA TAACTCGCCTTTACGA-3’ 
(nt –889~-768, 122 bp). The sequences of the 
2 demethylation primer pairs used for the MSP 
amplification were P3U-F (sense), 5’-TTTTTAAA 
TTATTGT GGTGGTTTTTG-3’  and  P3U-R (anti-
sense), 5’-CATCTAA ATAACTCACTTTACAAC-3’ 

IGF-II mRNAs were synthesized according to IGF-II cDNA with reverse- transcriptase, and amplified by nested PCR (170 

bp) with different primers. The fragments of IGF-II gene were seen distinctly in HCC or their para-cancerous tissues. A, 

the detecting sensitive limitation (2 ng/L) according to total RNA with 10-2 ~ 10-8 fold dilution and then amplified by nested 

PCR; B, the amplified fragments (452 bp) of hepatic glyceraldehyde-3-phosphate dehydrogenase (GAPDH) genome; C, 

the amplification of liver IGF-II genomes: No. 1~3, the positive fragments of IGF-II mRNA amplification in HCC; No. 4~5, 

no fragment in the para- or distal-cancerous tissues; No. 6, the positive fragments in the para-cancerous tissues. M: DNA 

molecular weight marker. D,Alignment of nucleotide sequences of the amplified IGF-II genome fragments in different 

livers by sequencing. Origin: the cited sequence (170 bp, nt 311-480) of IGF-II genome; Hepatoma: the amplification 

fragment of IGF-II genome in HCC tissue; A-HCC: the amplified fragment of IGF-II genome from the para-cancerous 

tissue in HCC patients.

Fig 2: Amplification of IGF-II genomes from different liver tissues of HCC patients. 
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(nt –889~-767, 123 bp). The MSP conditions were 
as follow: HotStart Taq polymerase (Qiagen) used 
with initial activation and denaturation 94°C for 5 
min; 35 cycles (94°C for 40 sec; 49°C for 40 sec; 

72°C for 40 seconds) followed by final extension 
72°C for 10 min. In vitro methylated DNA and 
unmethylated lymphocytes DNA were used as 
controls, respectively. The MSP products were 

A, the absence of cytoplasmic staining for IGF-II from non-cancerous tissues of HCC (S-P, original magnification 

× 100); B, And the IGF-II weakly positive staining in cytoplasm and cell membrane from the surrounding tissues 

of HCC (S-P, original magnification × 100); C, the IGF-II strongly positive staining in cytoplasm and cell membrane 

from HCC tissues (S-P, original magnification ×100).

Fig 3: Immunohistochemical analyses with anti-human IGF-II in the different liver tissues. 

A, Serum IGF-II levels in different liver diseases, *P < 0.001 vs. the HCC group; HCC, hepatocellular 
carcinoma; LC, liver cirrhosis; CH, Chronic hepatitis; AH, Acute hepatitis; nC, normal control. B, 
Relationship between IGF-II expression and HBV infection in hepatocellular carcinoma, HBsAg (+), 
the HBsAg positive HCC patients (n = 110, IGF-II = 3.93 ± 0.50 ng/mL), HBsAg (-), the HBsAg negative 
HCC patients (n = 36, IGF-II = 3.16 ± 0.80 ng/mL, t = 5.390, P < 0.001). C, Relationship between serum 
IGF-II and AFP level; D, Receiver operating characteristic (RoC) curves for hepatocellular carcinoma, 
and the area under the RoC curves was 0.823 for AFP and 0.771 for IGF-II.

Fig 4: Levels of serum IGF-II expression and relationship between IGF-II and 
HBV infection in hepatocellular carcinoma.
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electrophoresed on 2% agarose gels with ethidium 
bromide staining. The sizes were evaluated using 
PCR markers as molecular weight standards.

Detection of IGF-II level
 The levels of serum free IGF-II protein in 
patients with chronic diseases were detected by 
an enzymatically amplified two-step sandwich-type 
immunoassay (ACTIVETM IGF-II ELISA, TX). In this 
assay, standards, controls and serum samples were 
incubated in microtitration wells, which had been 
coated with anti-IGF-II antibody. After incubation 
and washing, the wells were treated with another 
anti-free IGF-II detection antibody labeled with the 
enzyme horseradish peroxidase (HRP). After a 
second incubation and washing step, the wells were 
incubated with the substrate tetramethyl benzidine. 
An acidic stopping solution was then added and 
the degree of enzymatic turnover of the substrate 
was determined by dual wavelength absorbance 
(A) measurement at 450 nm and 620 nm. The 
absorbance measured was directly proportional to 
the concentration of IGF-II present. A set of IGF-II 
standards was used to draw a standard curve of 
absorbance vs IGF-II concentration from which the 
IGF-II concentrations in the serum samples can be 
calculated according to the ELISA routine method.

Statistical analysis
 All patients were divided into 4 groups: 
HCC, chronic hepatitis, cirrhosis, and normal 
subjects. Hepatoma tissues were divided into three 
groups: cancerous, para-cancerous, and distal 
cancerous-tissues. Results are expressed as mean 
± standard deviation (SD). Differences between 
different groups were assessed by the Student’s t 
test or the c2 test. P < 0.05 was considered to be 
significant.

RESuLTS

Methylation status of IGF-II gene P3 in HCC 
tissues 
 The promoter methylation status of hepatic 
IGF-II and the expression of hepatocyte IGF-II were 
analyzed in human HCC-, para-cancerous-, and 
distal cancerous- tissues, and the patterns by MPS 
or immunohistochemistry are shown in Figure 1. The 
incidence of IGF-II P3 methylation was 0% (0 of 40) 

in human HCC, 47.5% (19 of 40) in para-cancerous 
tissues, and 100% (40 of 40) in distal cancerous 
tissues, respectively. The summary of P3 methylation 
status analysis in different liver tissues is shown in 
Table 1. The incidence was increased gradually from 
cancerous to distal cancerous-parts of liver tissues, 
with significant differences among them (c2 = 37.623, 
P < 0.001). The incidence of IGF-II P3 methylation 
was 0 % (0 of 40) in HCC tissues, and no significant 
difference was found between the methylation rates 
of IGF-II P3 in HCC and clinical parameters.

Expression of total RnA and IGF-II mRnA in 
HCC tissues
 Different expression of hepatic total RNA 
(µg/mg wet liver tissue) was found in the different 
parts of 40 HCC tissues. The total RNA levels 
were significantly lower in HCC tissues (17.9 ± 
27.7 µg/mg wet liver tissue) than in self-control 
surrounding- (32.9 ± 31.2 ìg/mg wet liver tissue, P 
< 0.05) or non-cancerous liver tissues (41.4 ± 50.3 
µg/mg wet liver tissue, P < 0.01), respectively. The 
amplified fragments of IGF-II mRNA from different 
liver tissues of HCC patients and the alignment of 
nucleotide sequences of the amplified fragments 
by sequence analysis are shown in Figure 2. The 
fragments (170 bp) of hepatic IGF-II genome were 
amplified by a RT-nested PCR assay (Figure 2C), 
the size of IGF-II DNA was identical to the original 
designed one, and confirmed by DNA sequencing 
analysis (Figure 2D). The incidence of positive IGF-
II mRNA fragments was 100 % (40 of 40) in HCC 
tissues, and significantly higher (P < 0.01) than that 
in their surrounding (53.3 %, 21 of 40) or in their non-
cancerous (0 %, 0 of 40) liver tissues, respectively.

Immunohistochemical analysis of IGF-II 
expression in HCC tissues
 The IGF-II expressions in HCC-, para-
cancerous-, and distal-cancerous-tissues by 
immunohistochemical analysis are shown in Figure 
3. The positive staining of hepatic IGF-II showed 
yellow-brown particles, located in cytoplasm with only 
a few in cellular nuclei but none in cell membrane. 
The frequency of positive IGF-II expression in the 
HCC (87.5 %, 35/40) or para-cancerous (47.5 %, 
19/40) group was significantly higher than that in 
the non-cancerous group (0 %, 0/40, P < 0.05), 
respectively.
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Clinicopathological  features of  IGF- I I 
expression
 The clinicopathological features of IGF-II 
expression in HCC tissues are shown in Table 2. 
The expression of IGF-II was significantly higher in 
HCC with moderate or low differentiation than that 
with well differentiation (92.9 %, 100 % vs 50.0 %, 
P < 0.001 or P < 0.01). Hepatic IGF-II expression 
was markedly lower in HCC without serosa invasion 
than that with serosa invasion (61.5 % vs 100 %, P 
< 0.05). The level of IGF-II expression in HBV DNA-
positive HCC was significantly higher than that in 
HBV DNA-negative ones (100 % vs 58.3 %, P < 
0.05). No significant difference was found between it 
with the patients’ sex, age, tumor size, tumor number, 
and serum AFP concentration.

Circulating IGF-II level in diagnostic value of 
HCC
 The circulating IGF-II expression and 
diagnostic evaluation for HCC in patients with liver 
diseases are shown in Figure 4. Of these patients, 
the circulating IGF-II level was significantly higher 
(P < 0.001) in HCC than in liver cirrhosis, chronic 
hepatitis, and acute hepatitis (Figure 4A). The 
pathologic characteristics of circulating IGF-II 
expression showed that the higher expression of 
hepatic IGF-II in HCC was associated with HBV 
infection (P < 0.001, Figure 4B). However, no 
significant difference was found between IGF-II 
expression and HCC patients’ sex, age, tumor size, 
or AFP level (Figure 4C). The analysis of two markers 
for the whole range of sensitivities and specificities 
using the area (0.823 for AFP and 0.771 for IGF-II, 
Figure 4D) under ROC curves indicated that the 
abnormality of serum IGF-II level could be a useful 
molecular marker for HCC diagnosis.

DISCuSSIon

 Epigenetic analysis of HCC plays a major 
role in the understanding of HCC processes and 
targeted therapies21, 22. 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 modification, and chromosome 
remodeling. DNA methylation within CpG islands in 
carcinogenesis is very important. The mechanism 
of carcinogenesis by DNA methylation include: 

oncogenes were activated by DNA methylation, 
for example, c-Jun, c-Myc and c-Ha-ras; and tumor 
suppressor genes were inactivated, for example, 
P16. DNA methylation has negative relationship 
with genes expression6, 7, 23, 24. This study was to 
investigate the changes of IGF-II gene promoter 
methylation status in different human liver tissues, 
and its correlations with hepatic IGF-II expression 
and clinical pathological features.

 Many studies showed that the methylation 
status of many genes was closely related to occurrence 
and development of HCC23, 25. The methylation 
status frequencies of tumor suppressor gene–APC 
promoter in HCC tissues were significantly higher 
than para-cancerous liver tissues26 Simultaneously, 
the expression of APC in HCC tissues was also 
higher than para-cancerous liver tissues, suggesting 
the correlation between APC gene expression and 
promoter methylation status. The hyper-methylation 
frequency of glutathione S-transferase pi (GSTP1) 
promoter showed significant difference between 
HCC and liver cirrhosis with or without HBV infection 
(P < 0.05), suggesting hyper-methylation of GSTP1 
may be involved in hepatocarcinogenesis27, 28. The 
frequencies of IGF-II gene P3 methylation status 
were 100 % in non-cancerous tissues, 47.5 % in para-
cancerous tissues, and 100% in HCC, respectively, 
suggesting the correlation between IGF-II promoter 
methylation status and hepatocarcinogenesis and is 
an early event in the development of HCC. 
 
 IGF-II is highly expressed in the fetal liver 
and early after birth, which is mainly based on 
activation of P2~P4. But its expression is strongly 
reduced in adulthood, mainly based on activation 
of P1

14, 16. Several studies have shown elevated 
expression levels of IGF-II in pre-neoplastic lesions 
and very high levels in HCC, and so was the IGF-II 
gene P2~P4, indicating the correlation between IGF-
II gene expression and promoter. The methylation 
rates of IGF-II gene P3 in the adjacent tissues in 
the poor differentiated HCC were lower than the 
well-differentiated ones (P < 0.01). However, IGF-
II was highly expressed in HCC tissues, while 
the IGF-II promoter methylation status was low23, 

24, 9, showing that IGF-II methylation is a central 
epigenetic modification that has essential roles in 
cellular processes including genome regulation, 
development and disease. 
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 HCC is strongly associated with HBV 
infection, especially HBV X gene (HBX) which is 
closely related to hepatocarcinogenesis4, 29. Many 
studies showed HBV infection contributed to 
methylation of tumor suppressor genes26, 27. However, 
the data in the present study have shown that the 
methylation rates of IGF-II gene P3 in HCC tissues 
with positive HBV DNA was significantly lower than 
those with negative HBV DNA, indicating that the 
demethylation of IGF-II gene P3 could relate to HCC 
patients with HBV infection, suggesting the positive 
correlation between demethylation status of IGF-II 
gene P3 and hepatocarcinogenesis, and epigenetic 
analysis of HCC related genes plays a major role in 
the understanding of carcinogenic processes and 
targeted therapies30, 31.

 HCC prognosis is poor, and early detection 
is of the utmost importance32, 33. The alteration 
of IGF-II gene P3 methylation status and HCC 
development was strengthened by the fact that 
IGF-II over-expression in tissues and sera of HCC 
patients involved in this study. This alteration was 
in agreement with the presence of an increasing 
methylation gradient from the cancer to the distal, 
with a higher level of methylation from well to poorly 

differentiated HCC. IGF-II gene was suspected to 
be involved in early carcinogenic processes13. The 
demethylating process strengthened by the fact 
that the gene activation and transcription result in 
hepatic IGF-II production and then secrete into blood. 
The circulating IGF-II level was significantly higher 
(P < 0.001) in HCC than in liver cirrhosis, chronic 
hepatitis, and acute hepatitis, and its abnormality 
should be a useful biomarker for HCC diagnosis. 

 In conclusion, the present data indicate 
that elevated expression of IGF-II in HCC tissue 
was the result of IGF-II P3 demethylation, and help 
to explore the molecular mechanisms responsible for 
reactivation of IGF-II in development and therapy of 
HCC34~36. DNA methylation may be the molecular-
targeted therapies of HCC. Further studies will allow 
us to investigate the changes of IGF-II gene promoter 
methylation status in patients’ peripheral blood with 
HCC, and will elevate early diagnosis and monitor 
metastasis of HCC. These reference epigenomes 
provide a foundation for future studies exploring 
this key epigenetic modification in human HCC and 
development. 
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