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Hepatocellular carcinoma (HCC) is the third leading cause of cancer-related mortality worldwide.  
Epigenetic analysis has attracted increasing attention in the molecular diagnosis of HCC.  Cysteine 
dioxygenase 1 (CDO1) is a key enzyme in the taurine biosynthetic pathway and converts cysteine to 
cysteine sulfinate.  The CDO1 gene is a tumor suppressor gene and is usually silenced by the methylation 
of its promoter in carcinogenesis.  In this study, we evaluated whether the methylation status of CDO1 gene 
promoter is of diagnostic value for hepatitis B virus (HBV)-related HCC.  The CDO1 promoter methylation 
status was determined in serum samples using methylation-specific polymerase chain reaction (MSP) in a 
cohort of 123 patients with HBV-related HCC, 28 with liver cirrhosis (LC), 29 with chronic hepatitis B (CHB) 
and 20 healthy controls.  The frequency of the CDO1 promoter methylation in HBV-related HCC (42.3%) 
was significantly higher than that in LC (14.3%), CHB (6.9%) and healthy controls (0%) (P = 0.006; P < 
0.0001; P < 0.0001; respectively).  Furthermore, in HCC patients, the frequency of CDO1 promoter 
methylation was higher in advanced stages (III-IV) (53%) than the early stages (I-II) (20%) (P = 0.001).  
Evaluation of the CDO1 promoter methylation status in serum, in combination with AFP (> 20 ng/ml), 
significantly improved the diagnostic value, with sensitivity and specificity of 82.9% and 75.4%, respectively 
in distinguishing HCC from LC and CHB.  In conclusion, methylation status of serum CDO1 gene promoter 
may be helpful in the diagnosis of HCC and the estimation of the HCC stages.
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Introduction
Hepatocellular carcinoma (HCC) is the sixth most 

common malignant disease and the third leading cause of 
cancer-related mortality worldwide (Venook et al. 2010).  
Molecular mechanisms for the development of HCC are 
extremely complicated.  DNA methylation pattern is one of 
the most frequently recognized events in carcinogenesis 
(Fukushige and Horii 2013).  Methylation occurs in the car-
bon five of cytosine within the dinucleotide cytosine-phos-
phate-guanine (CpG) by DNA methyltransferase (DNMT).  
CpGs that undergo methylation could be found either in 
singular situation or in clusters so-called CpG islands 
(Robertson 2005).  Aberrant DNA methylation within CpG 
islands near the transcriptional start sites of genes usually 
lead to the silence of tumor suppressor genes, such as tissue 
inhibitor of metalloproteinase 3 (TIMP3) (Guan et al. 
2013), suppressors of cytokine signalling-1 (SOCS-1) 
(Tischoff et al. 2007), and runt-related transcription factor 3 

(RUNX3) (Zheng et al. 2013).
Circulating cell-free DNA (cfDNA) is a type of extra-

cellular DNA, which is derived from both apoptotic or 
necrotic cells and cancer cells and is detectable in blood 
(Jahr et al. 2001); it may contain various alterations, such as 
changes in DNA strand integrity, frequency of mutation, 
and methylation of genes in cancer patients (Jung et al. 
2010).  Many tumor suppressor genes are found to have 
aberrant methylation in cfDNA among patients with HCC, 
such as p16, ras-association domain family-1 (RASSF1) 
(Zhang et al. 2007; Shivapurkar and Gazdar 2010), glutathi-
one-S-transferase P1 (GSTP1) (Wang et al. 2006), and ade-
nomatous polyposis coli (APC) (Nishida et al. 2013).  The 
aberrant methylation in HCC patients could potentially 
serve as a minimally noninvasive biomarker for early detec-
tion of the tumor.

Cysteine dioxygenase 1 (CDO1) is a key enzyme in 
the taurine biosynthetic pathway and is responsible for the 
conversion of cysteine to cysteine sulfinate (Satsu et al. 
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2003).  CDO1 is expressed highly in the liver and placenta, 
and at lower levels in the heart, brain and pancreas 
(Tsuboyama-Kasaoka et al. 1999).  The frequency of the 
CDO1 promoter methylation and the down regulation of 
CDO1 expression have been studied in various cancers 
including breast (Dietrich et al. 2010), lung (Kwon et al. 
2012), colon, esophagus, and stomach (Brait et al. 2012).  
In this study, we investigated the relationship between the 
methylation status of the CDO1 promoter in serum and 
HCC in a cohort comprising of patients with hepatitis B 
virus (HBV)-related HCC, liver cirrhosis (LC), or chronic 
hepatitis B (CHB) and healthy controls.  We have found 
that the methylation status of CDO1 gene in serum may be 
of value in both diagnosis of HBV-related HCC and estima-
tion for the stages of HCC.

Materials and Methods
Patients

A total of 200 subjects visiting the Qilu Hospital of Shandong 
University from July 2011 to December 2012 were consecutively 
enrolled, including 123 patients with HBV-related HCC, 28 patients 
with LC, 29 patients with CHB and 20 healthy controls.  The flow-
chart of all the subjects enrolled was shown in Fig. 1.  Patients with 
HCC were diagnosed based on the guidelines of the American 
Association for the Study of Liver Disease (Bruix et al. 2005).  HCC 
was defined on the basis of at least two dynamic imaging modalities 

including angiography, computed tomography (CT), and magnetic 
resonance imaging (MRI), or by tumor biopsy.  For the purpose of 
this study, we classified tumors with Tumor Node Metastasis (TNM) 
stage I-II as early stage of HCC and TNM stage III-IV as advanced 
stage of HCC.  All patients with CHB or LC were confirmed not hav-
ing HCC using ultrasonography or CT; no patients had newly devel-

oped HCC for at least 3 months before enrolment.  The healthy con-
trols were recruited from the eligible blood donors, who had no 
history of liver disease, viral hepatitis, and malignant disease.

Clinical information was collected from the medical records of 
the patients.  Hepatitis B e Antigen (HBeAg) in the serum of the 
patients and healthy controls were quantitatively assayed using elec-
tro-chemiluminescence on an E170 modular immunoassay analyzer 
(Roche Diagnostics, Mannheim Germany).  HBeAg > 0.5 PEIU/ml 
was recognized negative.  Serum α-fetoprotein (AFP) levels were 
measured by eletro-chemiluminescence immunoassay using COBAS 
e 601 automatic analyzer (Roche Diagnostics, Mannheim, Germany).  
The biopsies were paraffin embedded with haematoxylin-eosin stain-
ing.  The histological grade of tumor differentiation was assigned 
based on the Edmondson and Steiner’s classification system 
(Edmondson and Steiner 1954).  Tumor size was measured as the 
largest diameter of the tumor.  Multinodular tumors were defined as 
tumors with more than two nodules (including satellite nodules sur-
rounding a larger main tumor).  In our study, the presence of portal 
vein (PV) tumor thrombosis or hepatic vein (HV) tumor thrombosis 
was recognized as vascular invasion.  This study was approved by the 
Ethics Committee of Shandong University Qilu Hospital and written 
informed consent was obtained from all subjects.

DNA extraction and sodium bisulfite modification
Genomic DNA was extracted from serum by using a QIAamp 

DNA Blood Mini Kit (Qiagen GmbH, Hilden, Germany) according to 
the manufacturer’s instructions.  In order to obtain enough quantity of 
DNA, 400 μl serum was used as each sample.  20 μl extracted DNA 
was modified with sodium bisulfite by using the EZ DNA 
Methylation-Gold Kit TM (Zymo Research Corp, Orange, CA, USA) 
according to the manufacturer’s instructions.  Bisulfite treatment can 
be used for detecting 5-methylcytosine in DNA by converting all 
cytosine residues to uracil, while those methylated cytosine are resis-
tant to this modification and remain as cytosine (Fraga and Esteller 
2002).

Methylation-specific PCR
Methylation-specific PCR (MSP) was used to detect CDO1 pro-

moter methylation status.  Bisulphite modified DNA samples were 
PCR-amplified using either an unmethylation-specific (CDO1U) or 
methylation-specific (CDO1M) primer pairs described before (Fig. 2) 
(Andresen et al. 2012).  The methylation primer sense was 
5′-TTGGGACGTCGGAGATAAC-3′ and antisense, 5′-GACCCT 
CGAAAAAAAA ACGA-3′.  The unmethylation primer sense was 
5′-TTTTTGGGATGTTGGAGATAAT-3′ and antisense, 5′-AACCCT 
CAAAAAAAA AACAAAAC-3′.  PCR was performed in a volume 
of 25 μl containing 10.5 μl 1 × PCR buffer, 12.5 μl Taq polymerase 
(Zymo Research Corp, CA, USA), 0.5 μl (20 μM) of each primer and 
1 μl bisufite-treated DNA.  The mixture was incubated for 10 minutes 
at 95°C, followed by 45 cycles of denaturing at 95°C for 30 seconds, 
annealing at 53°C for 30 seconds, extension at 72°C for 40 seconds 
and a final extension at 72°C for 10 minutes.  Water without DNA 
was used as a negative control.  PCR products were then electropho-
resed on a 2% agarose gel, stained with gelred (Biotium, California, 
USA), and visualized under UV illumination.

Statistical analysis
All data were analyzed using SPSS 16.0 statistics software 

(SPSS, Chicago, IL).  Serum CDO1 promoter methylation status in 

Fig. 1.  Flowchart for the selection process of the subjects.  
HBsAg, hepatitis B virus surface antigen.  HCC, hepato-
cellular carcinoma.  AFP, ɑ-fetoprotein.  CHB, chronic 
hepatitis B.  LC, liver cirrhosis.
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patients with HBV-related HCC, liver cirrhosis, CHB, and healthy 
controls were compared using chi-square test and Fisher’s exact test.  
The correlation between CDO1 methylation status of patients with 
HBV-related HCC and their clinical characteristics were evaluated 
using chi-square test.  Univariate logistic regression analysis was 
used to estimate odds ratios (OR) and 95% confidence intervals (CIs) 
for each parameter including tumors size > 5 cm, multi-nodular 
tumors, portal or hepatic vein invasion and advanced stages III-IV.  P 
value < 0.05 was considered statistically significant.

Results
CDO1 promoter methylation in HBV-related HCC, LC and 
CHB

The frequencies of methylated CDO1 promoter in 
serum were 42.3% in patients with HBV-related HCC 
(52/123), 14.3% in patients with LC (4/28), 6.9% in patients 
with CHB (2/29), and 0% in healthy controls (0/20) (Fig. 
3A).  Thus, the frequency of methylated CDO1 promoter 
was significantly higher in HCC patients than any other 
groups (P = 0.006; P < 0.0001; and P < 0.0001, respec-
tively).  In contrast, the methylation status of serum CDO1 

Fig. 2.  Schematic representation of cysteine dioxygenase 1 (CDO1) gene.  According to the study of Andresen et al., we  
retested the validity of the primer using Methyl Primer Express Software v1.0.  CpG island prediction criteria used:  
Island size > 100, GC Percent > 50.0, Obs/Exp > 0.60.  The transcription start site is indicated by a curved arrow.  The 
location of CpG islands, promoter regions (←), and MSP-amplified regions (M, -153 to -8; U, -156 to -8) are indicated.

Fig. 3.  The comparison of methylation status in different diseases, sex, age, and TNM stages.  A: The frequency of methyla-
tion of CDO1 promoter in hepatocellular carcinoma, liver cirrhosis (LC), chronic hepatitis B (CHB) groups and healthy 
controls (*P < 0.05).  B: No significant difference in methylation frequency was shown between male and female groups 
(P = 0.765) in HCC patients.  C: No significant correlation was shown between methylation frequency and age (P = 
0.365) in HCC patients.  D: Increased methylation frequency of CDO1 promoter in patients with advanced stages III-IV 
was observed compared with those with early stages I-II.  (P = 0.001).  *P < 0.05.
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promoter in LC or CHB patients was similar to that in 
healthy controls (P = 0.130 and P = 0.507, respectively).  
Fig. 4 represents a typical result of CDO1 promoter methyl-
ation by MSP.

Correlation of CDO1 promoter methylation and clinical 
characteristics of HBV-related HCC

The correlation of the CDO1 promoter methylation 
with the clinical characteristics of HCC is shown (Table 1).  
There was no significant difference in the frequency of the 

Fig. 4.  Typical methylation-specific PCR (MSP) analysis results of CDO1 gene promoter.  M: represents methylation-specif-
ic state of CpG island on CDO1 gene promoter (145 bp M lanes); U: represents unmethylation-specific state (148 bp U 
lanes); N: represents negative control.

 Table 1.  The correlation of CDO1 promoter methylation and the basic clinical characters of HCC.

Characteristics
CDO1 promoter methylation status

X2 P
Methylated Unmethylated

Total number 52 71 
Gender 0.09 0.765 

Male 46 64 
Female 6 7 

Age (years) 0.822 0.365 
≤ 54 27 31 
> 54 25 40 

HBeAg 0.945 0.331 
Positive 10 19 
Negative 42 52 

AFP 20 ng/mL 2.805 0.094 
≤ 20 23 21 
> 20 29 50 

Liver cirrhosis 1.136 0.287 
With 40 60 
Without 12 11 

TNM stage 12.054 0.001 
I-II 8 32 
III-IV 44 39 

Histological differentiation 2.146 0.143 
Well/moderate 18 14 
Poor 5 10 
Unknown 29 47 
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CDO1 promoter methylation between male and female (P = 
0.765) (Fig. 3B) and between young (age ≤ 54 years) and 
old people (age > 54 years) (P = 0.365) (Fig. 3C).  
However, significantly higher frequency of the CDO1 pro-
moter methylation was observed in patients with advanced 
stages III-IV (53%) comparing to those with early stages 
I-II (20%) (P = 0.001) (Fig. 3D).  The CDO1 promoter 
methylation frequency tended to be higher in HCC patients 
who were AFP-negative (52.7%) comparing to those who 
were AFP-positive (36.7%) (P = 0.094).  The level of 20 
ng/ml was used as a cut-off value to define AFP-positive.  

No significant correlation was observed with other parame-
ters, including HBeAg status, histological differentiation 
and LC (P = 0.331, P = 0.143, P = 0.287, respectively).

Furthermore, the correlation of the CDO1 promoter 
methylation with the characteristics of HBV-related HCC 
was analyzed in details (Table 2).  The serum CDO1 pro-
moter methylation was more frequent in HCC patients with 
tumors size > 5 cm (OR = 3.834, P = 0.001), multinodular 
tumors (OR = 3.183, P = 0.004) and portal or hepatic vein 
invasion (OR = 4.04, P < 0.0001).

 Table 2.  The univariate logistic regression of the CDO1 promoter methylation with the characteris-
tics of HCC.

Tumor size
> 5 cm

Multinodular 
tumors

PV or HV 
invasion

TNM stage
III-IV

P 0.001 0.004 0.000 0.001
OR 3.834 3.183 4.04 4.513
95%CI 1.702-8.635 1.461-6.932 1.883-8.669 1.86-10.952

Table 3.  Diagnostic value of AFP and CDO1 promoter methylation status in discriminating HBV-related HCC from LC and CHB.

AFP cutoff level
(ng/mL) 

20 200 400

SE (%) SP (%) Y SE (%) SP (%) Y SE (%) SP (%) Y 

HCC vs. LC + CHB
CDO1 only 42.3 89.5 31.8 42.3 89.5 31.8 42.3 89.5 31.8 
AFP only 64.2 84.2 48.4 32.5 98.2 30.7 22.8 98.2 21 
CDO1 + AFP 82.9 75.4 58.3 64.2 87.7 51.9 57.7 87.7 45.4 
HCC vs. LC 
CDO1 only 42.3 85.7 28 42.3 85.7 28 42.3 85.7 28 
AFP only 64.2 67.9 32.1 32.5 96.4 28.9 22.8 96.4 19.2 
CDO1 + AFP 82.9 57.1 40 64.2 82.1 46.3 57.7 82.1 39.8 

CDO1, methylated CDO1 promoter.

Fig. 5.  The color gradation chart of sensitivity, specificity and Youden index.  The sensitivity, specificity and Youden index is 
compared at different AFP cutoff levels of in HCC vs. LC, and HCC vs. LC + CHB.  In all cases the combined biomark-
er showed higher sensitivity and Y-index than AFP alone.
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Diagnostic value of AFP and CDO1 promoter methylation 
status in discriminating HBV-related HCC from LC, and 
CHB

The serum CDO1 promoter methylation status showed 
the sensitivity of 42.3% and the specificity of 85.7% in dis-
criminating HCC from LC [Youden (Y) index = 28], and 
42.3% and 89.5%, respectively, in discriminating HCC 
from CHB and LC (Y index = 31.8) (Table 3).  The level of 
20 ng/ml was used as a cut-off value to define AFP-
positivity.  With AFP positivity alone, the sensitivity and 
specificity in HCC vs.  LC were 64.2% and 67.9% (Y index 
= 32.1), and 64.2% and 84.2% (Y index = 48.4) in HCC vs.  
CHB + LC.  When we combined CDO1 promoter methyla-
tion with AFP-positivity, the sensitivity and the specificity 
were 82.9% and 57.1% (Y index = 40) in HCC vs. LC and 
82.9% and 75.4% (Y index = 58.3), respectively, in HCC 
vs. CHB + LC (Fig. 5, Table 3).

We also tested the diagnostic values of the different 
cut-off values for AFP including 200 ng/ml and 400 ng/ml.  
The sensitivity and the Y index of the combined AFP posi-
tivity and CDO1 methylation status were higher than AFP 
alone in both HCC vs. LC and HCC vs. LC + CHB (Fig. 5, 
Table 3).  With AFP positivity alone, at a cut-off value of 
200 ng/ml, the sensitivity and the specificity in HCC vs. LC 
were 32.5% and 96.4% (Y index = 28.9), while at a cut-off 
value of 400 ng/ml, they were 22.8% and 96.4% (Y index = 
19.2), respectively.  The sensitivity and the specificity in 
HCC vs. CHB + LC were 32.5% and 98.2% (Y index = 
30.7), respectively, at a cut-off value of 200 ng/ml, and 
22.8% and 98.2% (Y index = 21), respectively, at a cut-off 
value of 400 ng/ml.  When we combined serum CDO1 
methylation status with AFP positivity, the sensitivity and 
the specificity were 64.2% and 82.1% (Y index = 46.3), and 
57.7% and 82.1% (Y index = 39.8), respectively, in HCC 
vs. LC; 64.2% and 87.7% (Y index = 51.9), or 57.7% and 
87.7% (Y index = 45.4) respectively in HCC vs. CHB + LC 
(Table 3).

Discussion
In this study we demonstrated that significantly ele-

vated frequency of CDO1 promoter methylation was 
detected in serum DNA from patients with HBV-related 
HCC comparing to patients with CHB, LC or healthy con-
trols.  The methylation frequency was significantly higher 
in those at advanced stages III-IV than those at early stages 
I-II.  While the CDO1 methylation status was predictive of 
the presence and severity of the HCC, combining with the 
presence of AFP-positive (> 20 ng/ml), the diagnostic value 
was significantly improved in HCC.  While further prospec-
tive studies are needed to confirm this finding, our study 
suggests that serum CDO1 promoter methylation status 
could potentially serve as an additional biomarker for the 
diagnosis of HBV-related HCC and assignment of the HCC 
stages.

The development and progression of HCC is a multi-
step process; the sequence of “chronic hepatitis-cirrhosis-

HCC” has been well established (Bruix et al. 2005).  
Increasing evidence has indicated that aberrant methylation 
of tumor suppressor genes may play an important role in 
the course of this multistep hepatocarcinogenesis (Lee et al. 
2003; Nishida et al. 2008; Um et al. 2011).  In our study, 
CDO1 promoter methylation was present in CHB, LC and 
early stages of HCC without significant differences.  
However, the methylation status was significantly increased 
in a stepwise manner towards advanced stages of HCC.  
The progression of CDO1 promoter methylation is consis-
tent with the sequence of “chronic hepatitis-cirrhosis-
HCC”, suggesting that the CDO1 promoter methylation 
may be gradually developed and contributes to the progres-
sion and metastasis of HCC.  Our data were also echoed 
with previous study that CDO1 promoter methylation was 
associated with adverse clinical features and poor prognosis 
in breast cancer (Jeschke et al. 2013).  However, our study 
alone is not sufficient to confirm CDO1 promoter methyla-
tion is associated with the progression of HBV-related 
HCC.  In the present work, we mainly focused on the detec-
tion of the existence of CDO1 promoter methylation in 
HBV-related HCC patients.  We explored the correlations 
between the biological characteristics and the CDO1 pro-
moter methylation status, and found CDO1 promoter meth-
ylation was associated with tumors size, multi-nodular 
tumors and portal or hepatic vein invasion.  Involving the 
prognosis of the patients following different types of treat-
ment and comparing the CDO1 promoter methylation status 
with other accepted predicting scores such as Barcelona 
Clinical Liver Cancer (BCLC) stage (Bruix et al. 2004) and 
Child-Turcotte-Pugh (CTP) score (Pugh et al. 1973) will 
help confirm the relationship between the CDO1 promoter 
methylation and the prognosis of HCC.

It was reported that aberrant methylation observed in 
human cancer could be the result of the normal aging pro-
cess (Issa et al. 1994; Nishida et al. 2008).  But according 
to our result, the methylation frequency of CDO1 promoter 
was just slightly higher in young patients than the elderly 
with HCC, and this has no statistical significance.  Our 
result found females had a slightly elevated methylation 
frequency than males.  In agreement with our observation, 
previous research reported that a high frequency of CDO1 
down-regulation (> 80%) in female cancer patients than in 
male patients (< 40%) (Brait et al. 2012).  It is not clear 
why women are more vulnerable to the CDO1 epigenetic 
silencing than men.  Further investigations will be of value 
in understanding the potential gender specific differences in 
the occurrence of HCC.

Currently, AFP is a widely used biomarker for screen-
ing HCC, with a sensitivity of 22% to 60% and specificity 
of 65% to 94% depending on different cut-off values (Bruix 
et al. 2005; Lok et al. 2010).  Combination with ultrasonog-
raphy, the sensitivity may be increased.  However, there are 
still just about 30-40% of HCC being suitable for poten-
tially curative treatments at the time of diagnosis, possibly 
due to the fact that image abnormality is typically detect-
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able at late stages of the disease (Shen et al. 2012).  
Therefore, more sensitive and specific biomarkers are 
needed for the diagnosis of HCC.  By alone, serum CDO1 
promoter methylation status is inferior to AFP positivity in 
both sensitivity and specificity, but it can serve as an addi-
tional index for the diagnosis of HCC.  Nowadays, the cut-
off AFP level of 20 ng/ml is widely used as a screening test 
for HCC (Bruix et al. 2005), it means in our cohort up to 
35% of our HCC cases have negative AFP levels.  
Combination of serum CDO1 promoter methylation status 
and AFP positivity (> 20 ng/ml) increased the sensitivity 
from 64.2% to 82.9% in predicting HCC, even though the 
specificity decreased from 67.9% to 57.1% in discrimina-
tion HCC from liver cirrhosis.  International guidelines use 
AFP level of 400 ng/ml as a criterion for the diagnosis of 
HCC (Bruix et al. 2001), while others have reduced this 
cut-off level to 200 ng/ml (Bruix et al. 2005), considering 
its low sensitivity.  Compared with AFP alone, the com-
bined marker increased the sensitivity at the cut-off levels 
of both 400 ng/ml and 200 ng/ml.  Therefore, serum CDO1 
promoter methylation may improve the potential value of 
AFP in the diagnosis of HBV-related HCC.  To validate the 
diagnostic value, a large number of patients and another 
cohort under the guideline of The Standards for Reporting 
of Diagnostic Accuracy (STARD) steering committee 
(Bossuyt et al. 2003) are needed.

The current study has limitations with the small num-
ber of patients from a single site and its cross-sectional 
design.  The diagnosis value of the serum CDO1 promoter 
methylation status for HCC patients will have to be con-
firmed and validated by a longitudinal study, preferably by 
a multi-center study with a larger population.

In conclusion, methylation status of CDO1 gene pro-
moter as measured from serum samples may help diagnose 
HBV-related HCC and estimate the stage of HCC.  Further 
prospective studies will be required to validate the clinical 
value.
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