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Abstract. Liver cancer is the fifth most common neoplastic
disease and the fourth leading cause of cancer-related death.
Identification of the key molecular targets involved in hepatocarcinogenesis has significant therapeutic implications. In this
study, by conducting immunohistochemistry, we show that
the neuronal protein, synuclein-gamma (SNCG), is abnormally
expressed in a high percentage of liver cancer (46/70, 65.7%).
The expression of SNCG in liver cancer exhibits a clear stagespecific pattern of low expression in stage I (1/19, 5.3%) and
high expression in stages III to IV (44/50, 88%). Importantly,
all patients with metastatic diseases expressed SNCG in their
primary tumors (15/15, 100%). Consistent with the IHC results,
RT-PCR assays demonstrate that SNCG mRNA is highly
expressed in the tumor tissue of advanced hepatocellular
carcinomas. Analyses of the methylation status of the CpG
island of the SNCG gene by methylation-specific PCR
confirmed that all tumor samples contained the demethylated
gene. To determine whether demethylation of SNCG is an
early event of genetic abnormality in the process of hepatocarcinogenesis, we examined the methylation status of SNCG
in 70 non-malignant cirrhotic liver samples and showed that
64.3% cirrhotic liver samples contained the partially or
completely demethylated gene. We further show that SNCG
expression in liver cancer is not restricted to HBV- and HCVinfected tumors, implying the involvement of other hepatocarcinogenic risk factors in SNCG gene reactivation. Utilizing
human hepatoma-derived cell line HepG2 as an in vitro model,
we demonstrate that hepatic carcinogens aflatoxin B1 and N-
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nitrosodimethylamine (DMN) are strong inducers of SNCG
expression. Collectively, these new findings suggest that SNCG
protein expression in primary tumors is a strong indicator of
distant metastasis and demethylation of SNCG CpG island
is an early sign of genetic abnormality in liver cirrhosis
preceding hepatocarcinogenesis. Our studies also suggest that
inducing demethylation of SNCG by hepatocarcinogens
may represent one underlying mechanism for the aberrant
expression of SNCG in HCC.
Introduction
Primary liver cancer is one of the most frequent neoplastic
diseases with the majority being hepatocellular carcinoma
(HCC) (1,2). It is estimated that over 500,000 new cases of
HCC arise per year worldwide and approximately 18,000
new cases of HCC are projected to occur in the United States
in 2005 (3). Due to difficulties in early diagnosis and the
nature of rapid disease progression, the majority of patients
present with advanced stages of HCC. Thus, the prognosis of
HCC remains poor, despite the many treatment options.
Approximately 60-80% of HCC arise from cirrhotic
diseases. Chronic hepatitis B and C virus infection, environmental carcinogen exposure, and alcohol abuse are causative
factors in liver cirrhosis and are well-recognized prominent
risk factors in the development of liver cancer (3,4). However,
the underlying molecular mechanisms for the malignant
transformation from non-cancerous cirrhosis to HCC remain
largely unknown.
Abnormalities in hepatocyte growth factor expression (5,6),
extracellular matrix protein depositions (7,8), cell signaling
pathways (9), mutations of tumor suppressor genes (10), and
activation of oncogenes (11) are observed in both chronic and
malignant liver diseases. Recently, epigenetic changes through
alternation of the methylation status of CpG islands of cellular
genes have become an increasingly recognized contributing
factor in cancer development. Hypermethylations of tumor suppressor genes are frequently detected in liver cancer (2,12-14).
The human synuclein-gamma (SNCG) gene (15), also
named persyn (16) or BCSG1 (breast cancer specific gene 1)
(17), is a tissue-specific gene primarily expressed in brain
tissue and is abundant in presynaptic terminals. The exon 1
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region of the SNCG gene contains a CpG island (18). Fifteen
CpG dinucleotides within the island are heavily methylated
in tissues outside the neuronal system, resulting in the transcriptional inert (19). However, during malignant transformation, the CpG island of the SNCG gene became demethylated
and led to the aberrant expression of this neuronal protein in
cancer cells (18-20). The loss of methylation control of the
SNCG gene was first discovered in breast carcinomas in which
SNCG is abundantly expressed in a stage-specific fashion.
While SNCG is not expressed in normal or benign breast
tissues, it is highly expressed in advanced and metastatic
breast carcinomas (17,21,22). When overexpressed, SNCG
induces cell proliferation (23-26), increases cell motility (27),
augments tumor cell invasion and metastasis (27), and
enhances the resistance of tumor cells to anti-microtubule
drug-induced apoptosis (28-30). Thus, in breast cancer cells
SNCG behaves as an oncogene.
In a previous pilot study to determine whether SNCG
could contribute to liver carcinogenesis, we examined SNCG
protein expression and gene demethylation in 20 liver tumor
samples of advanced stages and their matched non-neoplastic
adjacent tissue (NNAT) (19). SNCG protein was detected in
18/20 tumors and 0/20 NNAT samples. Interestingly, we
found that all tumor samples contained a demethylated CpG
island which, in a substantial number of NNAT samples,
became demethylated, implying that the demethylation event
of the SNCG CpG island precedes malignant transformation
in tumor neighboring cells.
To firmly establish the role of SNCG in the disease progression and metastasis of liver cancer and to determine whether
SNCG is involved in the malignant conversion of cirrhotic
diseases to HCC, we examined the protein expression and
methylation status of the SNCG CpG island in primary liver
cancer of different histological stages and in non-cancerous
liver cirrhotic samples. We further evaluated the associations
between SNCG expression and hepatitis virus infection as
well as hepatocarcinogen exposure to gain some mechanistic
insight into the reawakening of this silent proto oncogene in
malignant liver cells.
Materials and methods
Tissue specimens. With Institutional Review Board approval,
70 paraffin-embedded formalin-fixed blocks of nodular
cirrhotic liver tissue and 70 paraffin-embedded formalinfixed blocks of primary liver tumor tissue were obtained
from the Second Hospital of Nanjing City, Nanjing, China,
and were H&E counterstained. In addition, 16 pairs of frozen
HCC tissue samples and matched non-neoplastic adjacent
tissue were obtained from the First Hospital of Nanjing City,
Nanjing, China. Tumors were staged following standard
American Joint Committee on Carcinoma/International Union
Against Carcinoma tumor-node-metastasis (TNM) methodology.
Cells and reagents. Human hepatoma cell line HepG2 was
obtained from American Type Culture Collection and cultured
in EMEM with 10% fetal bovine serum (FBS). 5-aza-2'deoxycytidine (5-aza-C), aflatoxin B1 (AFB1), and N-nitrosodimethylamine (DMN) were purchased from Sigma.

Table I. SNCG protein expression status in different types of
liver cancer.
–––––––––––––––––––––––––––––––––––––––––––––––––
SNCG protein expressiona
–––––––––––––––––––––
Cancer type
Sample no.
No.
% positivity
–––––––––––––––––––––––––––––––––––––––––––––––––
HCC
63
43
68.3
CC
1
1
100
MHC
1
0
0
MLC
5
2
40
∑
70
46
65.7
–––––––––––––––––––––––––––––––––––––––––––––––––
aProtein

expression assessed by immunohistochemistry. HCC, hepatocellular carcinoma; CC, cholangiocarcinoma; MHC, mixed hepatocellular cholangiocarcinoma; MLC, metastatic liver cancer.

–––––––––––––––––––––––––––––––––––––––––––––––––

Immunohistochemistry. Tissue sections of 4 μm were deparaffinized with xylene. Following antigen retrieval and blocking
of endogenous peroxidase activity (19), slides were incubated
with goat anti-SNCG polyclonal antibody (sc-10699, Santa
Cruz Biotechnology, Santa Cruz, CA) at 1:300 dilution at
4˚C overnight. Following 3 washes with PBS, slides were
incubated with biotin-labeled rabbit anti-goat IgG (HistostainPlus Kit, 50-232, Zymed) for 30 min at 37˚C. After 3 washes
of PBS, the staining was accomplished by using DAB +
Substrate Chromogen Systems (Dako Corp., Carpinteria, CA).
Sections were counter-stained with hematoxylin, dehydrated,
and mounted. Positive cases were defined by the presence of
intracellular staining with red/brown color in malignant cells,
as seen in positive controls (paraffin sections from stage III
breast cancer patients) (21). Negative cases were defined
by the absence of specific intracellular staining, as seen in
negative controls consisting of paraffin sections from normal
liver tissue. Samples were evaluated under light microscopy
independently by two pathologists without prior knowledge
of the patients' clinical data.
Similar procedures of IHC and grading system were
employed in the detection of HBV surface antigen (HBsAg),
HBV core antigen (HBcAg), and HCV antigen (HCVAg) in the
liver sections of the same patient cohort. Antibodies against
HBV surface antigen (HBsAb, ZM-0122), HBV core antigen
(HBcAb, RAB-0090), and HCV antigen (HCVAb, ZM-0124)
were purchased from Zhangshan Biotechnology Co., Ltd.,
China.
Nested methylation-specific PCR (NMSP). For each patient
sample, genomic DNA was isolated from fifteen 10-μm
consecutive sections of formalin-fixed, paraffin embedded
tissue block as previously described (19). Genomic DNA was
resuspended in 30 μl of Tris-EDTA buffer and 15 μl of DNA
was diluted by distilled water to a volume of 50 μl and was
denatured by NaOH for 15 min at 37˚C, followed by treatment
with sodium bisulfite at 50˚C for 16 h (31). After column
purification, the modified DNA was used for NMSP. The
sequences of primers used in this study and the PCR conditions
have been previously described (19).
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SNCG mRNA expression by RT-PCR, 2 μg of total RNA
was used. The reverse transcription was conducted with
Anchored Oligo (dT)20 primer (Invitrogen) using M-MLV
Reverse Transcriptase (Promega). The PCR reaction was
carried out at 94˚C for 30 sec, 60˚C for 30 sec, and 72˚C for
30 sec with initial activation of the enzyme at 94˚C for 1.5 min.
Thirty cycles were performed for SNCG and GAPDH. The
PCR was performed using primers SNCG-RT 5' and SNCGRT 3' for SNCG and primers GAPDH-RT 5' and GAPDHRT 3' for GAPDH (18).
Reactivation of SNCG gene expression by DNA demthylation in
HepG2 cells. HepG2 cells cultured in 10% FBS were treated
with 5-aza-C, AFB1, or DMN at the indicated doses and time
points. At the end of treatment, genomic DNA was isolated
from untreated or treated cells and 2 μg DNA from each
sample was modified by sodium bisulfite and subjected to
MSP and DNA sequencing. For genomic sequencing, PCR
using the primer, SNCG-S5F and SNCG-S5R, was conducted
for 30 cycles with an annealing temperature of 60˚C. The
361-bp PCR product covering the region -232 to +129 was
gel-purified and ligated into pCR2.1-TOPO cloning vector
(Invitrogen). After transformation, plasmid DNA was
isolated from individual colonies and subjected to sequencing
using M13 as sequencing primer to obtain the entire map of
the SNCG CpG island. RT-PCR was conducted as described
for tissue samples.
Statistical analysis. Fisher's exact test was performed to
evaluate the difference between SNCG positive and negative
groups with relation to histological stages, lymph node
invasion, distant metastasis, HBV, and HCV infection. P<0.05
was considered statistically significant different.
Results

Figure 1. Representative immunohistochemical staining of SNCG protein in
liver tumors and normal liver tissue. For each sample, numbers of SNCG
positive cells were counted from 5 randomly chosen fields of 400x and
averaged. The mean value (N) was used to grade the expression levels: +,
0<N≤30; ++, 30<N≤50; +++, 50<N≤80. (A) Positive staining at a level of
+++ of HCC. (B) Positive staining at a level of ++ of HCC. (C) Negative
staining of normal liver tissue.

Isolation of RNA from liver tissues and RT-PCR analysis of
SNCG mRNA expression. Primary liver tumor tissues and
matched NNAT samples were obtained after surgical resection
and stored frozen at -80˚C. Approximately 100 mg of liver
tissue was homogenized in 3 ml of Ultraspec RNA lysis
solution (Biotecx Laboratory, Houston, TX) and total RNA
was isolated according to the vendor's protocol. For analyzing

Detection of SNCG protein and mRNA expression in liver
cancer and correlation of SNCG expression with disease
progression and distant metastasis. To firmly determine the
involvement of SNCG in liver carcinogenesis, we first
examined SNCG expression in liver tumors. Archived tumor
tissues from 70 patients diagnosed with different types of
liver cancer were examined for SNCG protein expression by
immunohistochemistry (IHC). Table I summarizes the tumor
types and the SNCG expression status. Ninety percent of the
liver cancer from this patient cohort were HCC (63/70).
Positive staining of the SNCG protein with different intensities
was detected exclusively in the cytoplasma of tumor cells
(Fig. 1A and B). There was no SNCG staining in normal liver
tissue (Fig. 1C). Of a total of 70 tumor samples, 46 (65.7%)
were positive and 24 (34.2%) were negative for SNCG
immunohistochemical staining. To corroborate the finding of
IHC, using RT-PCR assays, we separately examined the
SNCG mRNA expression in 16 frozen tissue samples of liver
tumors, all of which were diagnosed as HCC with histological
grades of II and above. The expression level of SNCG mRNA
in the tumor's non-neoplastic adjacent tissue (NNAT) from
each patient was also examined. The results demonstrate that,
of 16 patient samples, 14 displayed high SNCG mRNA
expression in tumor samples (87.5%). SNCG mRNA was not
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Table II. Correlation between the SNCG protein expression
and clinicopathological factors of liver cancer patients.
–––––––––––––––––––––––––––––––––––––––––––––––––
SNCG protein
expression
Clinicopathological No. of –––––––––––––––––
factors
patients Negative Positive (%)

–––––––––––––––––––––––––––––––––––––––––––––––––
Sex
Male
Female

60
10

Age (years)

Figure 2. Detection of SNCG mRNA and GAPDH mRNA in primary liver
tumors and in matched normal tissue adjacent to the tumors. RNA was
isolated from 16 pairs of primary liver tissue where T represents tumor tissue
and N represents non-neoplastic tissue adjacent to the tumor. Expression of
SNCG mRNA was analyzed by RT-PCR. The PCR products were visualized
on 2% agarose gels stained with ethidium bromide (upper panel). The
bottom bar graph compares the % positive cases in tumors vs. normal tissue.
The expression of GAPDH mRNA was taken as an internal loading control.
***p<0.001 compared to normal tissue.

detected in the 12 NNAT samples, whereas trace amounts were
shown in the other 2 NNAT samples, and notable expression
was found only in N6 and N13 (12.5%) (p<0.001, Fig. 2).
The independent results of IHC and RT-PCR are in good
agreement and clearly demonstrate that SNCG is abnormally
expressed in a high percentage of liver tumors.
We next evaluated the relationship between the SNCG
expression and clinicopathologic factors of the patient cohort
(Table II). SNCG protein expression displays a strong correlation with disease progression. Of 19 patients of stage I, only
1 showed a low level of expression (5.3%). One patient from
this cohort was diagnosed as stage II of HCC and was SNCGpositive. Twenty-nine of 35 stage III patients expressed
SNCG (82.9%). Strikingly, all 15 stage IV metastatic patients
expressed SNCG in their primary tumors (100%). In addition
to the correlation with distant metastasis, SNCG protein
expression was also significantly associated with local lymph
node invasion. Out of 50 node-positive patients, 44 tumors
showed SNCG expression (88%). These data from a larger size
of study group corroborate our previous findings obtained from
the pilot study of liver cancer (19) and strongly support our
initial hypothesis derived from cell culture studies that SNCG
expression stimulates tumor cell invasion and metastasis (26).
Dominant loss of the epigenetic control of the SNCG gene by
demethylation of the CpG island in liver cancer. Previously, we

19
5

41
5

49.0±13.7

49.9±12.4

Stage
I
II
III
IV

19
1
35
15

18
0
6
0

1
1
29
15

Lymph node
invasion
Positive
Negative

50
20

6
18

44
2

p<0.0001

Distant metastasis
Positive
Negative

15
55

0
24

15
31

p<0.002

–––––––––––––––––––––––––––––––––––––––––––––––––

had developed a highly sensitive method of nested methylationspecific PCR (NMSP) to assess the methylation status of the
SNCG CpG island (19). The specificity of this method to
faithfully identify unmethylated allele from methylated allele
has been approved by DNA sequencing of the PCR products.
In this study, to correlate the epigenetic change of the SNCG
gene with its aberrant expression in liver cancer, we independently performed NMSP to determine the methylation status
of the SNCG CpG island in each tumor sample from the same
patient cohort. The upper panel of Fig. 3 shows representative
results of 10 DNA samples and all results are summarized in
the bar graph of Fig. 3. The demethylated PCR product of the
SNCG CpG island was detected in 69/70 tumor samples. In 51
tumor samples, both alleles became completely demethylated
and were designated a scale of 2. Eighteen tumor samples
contained both methylated and unmethylated alleles, indicating
partial demethylation and a scale of 1. The one tumor sample
without demethylation, a scale of 0, was also negative in SNCG
immunostaining. Furthermore, 84.8% of SNCG-positive tumors
contain the fully demethylated gene and only 50% of SNCGnegative tumors displayed complete demethylation of the
SNCG gene. These results indicate that complete demethylation
of the CpG island is probaby required for obtaining high
levels of gene transcription to produce enough SNCG protein
to be detectable by IHC. Similar to the results of IHC, the
extent of demethylation of the SNCG CpG island among tumor
samples also significantly correlated with the histological
stages of tumors (Fig. 4). The majority of stage III (77.1%) and
stage IV (86.7%) patients contain the fully demethylated gene.
To further attest the role of DNA methylation in the control
of SNCG gene expression in liver cancer cells, we treated the
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Figure 4. Correlation of different demethylation extents with histological
features of liver cancer patients. The DNA sample showing only unmethylated
PCR product is scored as 2, the DNA sample showing both unmethylated
and methylated PCR products is scored as 1, and the DNA sample showing
only methylated PCR products is scored as 0.

Figure 3. Determination of the SNCG CpG island methylation status in liver
tumors by NMSP. NMSP was used to assess the methylation status of
SNCG CpG islands in liver tumors. Representative results of 10 tumor
samples are shown (upper panel). SNCG-U, unmethylated PCR product;
SNCG-M, methylated PCR product. The DNA sample showing only the
unmethylated band is scored as 2, the DNA sample showing both unmethylated
and methylated is scored 1, the DNA sample without an unmethylated band
is designated a score of 0. The bar graph summarizes the total cases of
patient samples that are fully demethylated, partially demethylated, or
remaining methylated.

human hepatoma-derived cell line HepG2 cells with the
demethylating agent, 5-aza-2'-deoxycytidine (5-aza-C). HepG2
cells predominantly contain the methylated SNCG gene and
the expression of SNCG mRNA is barely detectable. MSP
indicates that treatment of HepG2 cells with 5-aza-C at a dose
of 5 μM induced a time-dependent demethylation of the SNCG
CpG island. By the 5th day of treatment, the SNCG gene
became fully demethylated (Fig. 5A). We further corroborated
the results of MSP with direct genomic sequencing. Fig. 5B
shows that 14/15 CpG dinucleotides were methylated in HepG2
cells prior to 5-aza-C treatment and were all converted to
TpG after the treatment, indicating the loss of the methyl
group at the cytosine residue. Demethylation of the CpG
island was closely accompanied by the expression of SNCG
mRNA as detected by RT-PCR assays (Fig. 5C). Collectively,
these results clearly demonstrate that loss of the methylation
control at the CpG island is primarily responsible for the
abnormally high expression of SNCG in liver tumors.
Aberrant demethylation event in non-neoplastic cirrhotic
livers. In our previous pilot studies of 20 pairs of liver tumor
and NNAT samples, while SNCG protein was not detected in
NNAT samples, demethylated alleles were detected in 9/20
samples of NNAT. Because liver tumors arise largely from the
setting of cirrhosis, this prior observation raised an interesting
question of whether the demethylation event actually occurs
in liver cirrhosis in premalignant stages of liver cancer. To
examine this issue, genomic DNA was isolated from 70
paraffin-embedded formalin-fixed blocks of patient samples

diagnosed as liver nodular cirrhosis. The methylation status
of the CpG island in these samples was examined by NMSP.
The upper panel of Fig. 6 shows representative results of 10
DNA samples and all results are summarized in the bar graph
of Fig. 6. Of the 70 samples, demethylated alleles were readily
detected in 45 patients (64.3%). Complete demethylation of
both alleles was found in 7 samples, while most patients
contained the partially demethylated gene. These results
demonstrate that the aberrant demethylation event occurs in a
substantial population of non-malignant cirrhotic liver diseases
and the extent of demethylation is less severe as that in liver
tumors.
Aflatoxin B1 exposure reactivates SNCG gene transcription
in HepG2 cells. We were interested in identifying cellular
and environmental factors that may induce SNCG expression
through DNA demethylation, consequently contributing to
the onset and progression of liver cancer. Chronic infections
of hepatitis B virus (HBV) and hepatitis C virus (HCV) are
among the major risk factors of liver cancer (3). To determine
whether HBV/HCV infection could be the causative factor
for the abnormal expression of SNCG in HCC, we conducted
IHC staining of HBV surface and core antigen (HBsAg,
HBcAg) and HCV antigen (HCVAg) on sections from the 70
liver tumors. The results are summarized in Table III. There
is no significant correlation between hepatitis virus antigen
expression and SNCG expression, indicating that the reactivation of SNCG transcription is independent of hepatitis
virus infections.
We next examined the effects of 2 genotoxic hepatocarcinogens, aflatoxin B1 (AFB1) and dimethylnitrosamine
(DMN), on the methylation status of the SNCG CpG island.
HepG2 cells were treated with non-cytotoxic doses of AFB1
(1 μM) or DMN (100 μM) (32) for 1 and 3 days. Genomic
DNA was subsequently isolated from untreated and treated
cells, modified by sodium bisulfite, and subjected to MSP
analysis. Fig. 7A shows that the unmethylated PCR product
was not present and only methylated PCR product was detected
in untreated HepG2 cells. Exposure to hepatocarcinogens
rapidly changed the methylation status of the SNCG CpG
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A

C

B

Figure. 5. Changes in the methylation status of the SNCG CpG island and re-expression of SNCG mRNA in HepG2 cells after 5-aza-C treatment. HepG2
cells were treated with 5 and 10 μM 5-aza-C for 3 and 5 days. The medium was exchanged every day with fresh medium and drug. By the end of treatment,
genomic DNA and total RNA were separately isolated from untreated and treated cells. (A) Results of NMSP. (B) Representative results of genomic
sequencing of HepG2 DNA samples before and after 5-aza-C treatment. (C) RT-PCR results of SNCG and GAPDH mRNA expression.

island. Significant amounts of unmethylated PCR products
appeared after 1-day exposure and became predominant
forms in AFB1 and DMN-treated cells after 3-day exposure.
We further examined SNCG mRNA expression in AFB1
exposed cells. Fig. 7B shows that SNCG mRNA expression
is strongly induced by AFB1 in time- and dose-dependent
manners. These results provide the first connection between
environmental carcinogens and activation of this oncogene in
liver cancer.

Discussion
The biological heterogeneity and multiple etiologies of HCC
result in an incomplete understanding of the key molecular
changes that lead to HCC development. Obtaining a clear
picture of the most prominent and relevant molecular abnormalities accumulating during HCC development is fundamental
to developing effective treatment options (3). The development
of HCC is a complex multistep process. In addition to genetic
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Figure 6. Determination of SNCG CpG island methylation status in cirrhotic
liver samples by NMSP. NMSP was used to assess the methylation status of
SNCG CpG islands in cirrhotic liver samples. Representative results of 10
samples are shown (upper panel). SNCG-U, unmethylated PCR product;
SNCG-M, methylated PCR product. The DNA sample showing only the
unmethylated band is scored as 2, the DNA sample showing both unmethylated
and methylated is scored as 1, the DNA sample without an unmethylated
band is designated a score of 0. The bar graph summarizes the number of
patient samples that are fully demethylated, partially demethylated, or
remaining methylated.

changes such as p53 mutations, epigenetic changes including
hypermethylation to inactivate tumor suppressor genes, key
cell cycle regulators and hypomethylation of oncogenes may
also play critical roles in the onset and progression of liver
cancer. In this study, we provide strong clinical evidence that
suggests a promoting role of the proto oncogene, SNCG, in
HCC development.
The CpG island of the SNCG gene is fully methylated in
normal liver tissue to keep it transcriptionally silent (19).
Utilizing the highly sensitive and specific method of nested
MSP, we demonstrate that nearly all liver tumors lost this
epigenetic control and contained the demethylated gene.
Importantly, our studies also reveal that 64.3% (45/70) of non-
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Figure 7. Induction of DNA demethylation of SNCG by genotoxin AFB1
and DMN. In A, HepG2 cells were exposed to AFB1 at a dose of 1 μM and
to DMN at a dose of 100 μM for 1 or 3 days. Genomic DNA was isolated
from control and treated cells and subjected to NMSP analysis. In B, AFB1
was added to HepG2 cells at indicated doses for 3 or 5 days and total RNA
was isolated by the end of treatment and was subjected to RT-PCR analysis
of SNCG and GAPDH mRNA expression.

malignant cirrhotic liver samples contained the demethylated
gene, although to lesser extents than liver tumors in which the
CpG island is mostly completely demethylated. The abnormal
demethylation of SNCG was mostly found in malignant solid
tumors. Liver cirrhosis represents the first example of demethylation of the SNCG gene in non-malignant diseases.
Considering the close association of liver cirrhosis with HCC,
it is likely that demethylation of the SNCG CpG island is an
early event of genetic abnormality occurring in premalignant
stages of the disease.
In our study, through examination of 70 tumor samples with
different stages of liver cancer, a clear stage-specific expression
pattern of SNCG in liver cancer has been manifested. SNCG
is expressed in less than 10% of stage I liver tumors and its
expression increases markedly with disease progression.
Eighty-three percent of stage III liver cancer expresses SNCG,
and more strikingly all stage IV metastatic patients express
SNCG in their primary tumors. These results provide strong

Table III. Expression of SNCG in HBV- or HCV-positive human liver tumor tissue.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
SNCG protein expression
Patient cohort
Hepatitis virus antigen in
––––––––––––––––––––––––––––––––––––––––––––––––––––
tissue (sAg, cAg, HCV)
No.
Positive
Negative
% positivea
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
HBV (+)
+
40
26
14
65
Cohort
30
20
10
66.7
HCV (+)
+
12
7
5
58.3
Cohort
58
39
19
67.2
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aThe

difference in SNCG expression between virus (+) and virus (-) groups is not statistically significant.

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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clinical evidence that supports a positive role of SNCG in
promoting disease progression and tumor metastasis.
While, thus far, abnormal demethylation of the SNCG CpG
island in malignant cancerous cells has been reported in a wide
range of human cancers (18-20,33), the cellular, genetic, or
environmental factors causing the loss of this important
epigenetic control of SNCG gene expression in cancer cells
were totally unknown. Identification of such factors would
have important implications in cancer prevention. In this study,
for the first time, we demonstrate that AFB1 and DMN, two
prominent hepatic carcinogens (34), are strong inducers of
SNCG expression by causing demethylation of the CpG
island. Thus, hepatic carcinogen exposures may represent
one underlying mechanism for the aberrant expression of
SNCG in liver cirrhosis and liver cancer.
In conclusion, our studies have firmly demonstrated
that epigenetic alteration of the SNCG gene by specific
demethylation of the CpG island is primarily responsible for
the abnormal expression of this neuronal protein in liver
cancer and in liver cirrhosis. The examination of changes
in methylation status of SNCG in cirrhotic livers could be
applied in early detection of HCC. Furthermore, SNCG
expression in primary liver tumors could be used as a novel
biomarker for distant metastasis of liver cancer.
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