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Abstract

Background DNA methylation plays a key role in hepa-

tocellular carcinogenesis and progression. Analysis of

aberrant methylation in serum DNA might provide a strategy

for noninvasive detection of hepatocellular carcinoma

(HCC).

Methods To explore the feasibility of this approach, we

compared TFPI2 methylation status in serum samples of

HCC, chronic hepatitis B (CHB) patients and normal control

groups using methylation-specific polymerase chain reaction.

Results Our results showed that the percentage of serum

TFPI2 promoter methylation was significantly higher in the

HCC group (46.5 %, 20/43) compared with the CHB group

(16.7 %, 4/24; p = 0.015) and the normal control group

(19.2 %, 5/26; p = 0.022), respectively, indicating that

TFPI2 methylation frequently existed in the serum of HCC

patients. In our study, the detection rate of HCC using serum

TFPI2 methylation was 46.5 % (20/43), which was quite

close to the reported detection rate of a-fetoprotein (54 %).

In cases where we combined both markers, the detection rate

was 61.0 %, suggesting that serum TFPI2 methylation could

be used as a potential marker for noninvasive detection of

HCC. Then, we evaluated the correlation between the serum

TFPI2 methylation status of HCC patients and their clini-

copathological parameters. Patients with advanced TNM

stage (III–IV) showed a significantly elevated serum meth-

ylation percentage of TFPI2 in comparison with those with

early TNM stage (I–II) (p = 0.025). Moreover, TFPI2

methylation was observed more frequently according to the

progression of TNM stage.

Conclusions Our present study suggested that TFPI2

methylation in serum tended to be detected more easily in

patients with advanced HCC and might be used as a pre-

dictor of HCC progression.
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Abbreviations

AASLD American Association for the Study of Liver

Diseases

AFP a-Fetoprotein

cfDNA Circulating cell-free DNA

CHB Chronic hepatitis B

ECM Extracellular matrix

HBV Hepatitis B virus

HCC Hepatocellular carcinoma

MMPs Matrix metalloproteinases

MSP Methylation-specific polymerase chain reaction

TFPI2 Tissue factor pathway inhibitor-2

US Ultrasonography

Introduction

Hepatocellular carcinoma (HCC) is the sixth most prevalent

cancer and the third most frequent cause of cancer-related
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mortality worldwide [1]. Despite recent advances in the

management of HCC, patient prognosis and survival remain

frustrating because, by the time of diagnosis, most HCC cases

have developed to late stage and missed the best opportunity

to receive optimal therapy. Currently used methods to detect

and diagnose HCC mainly consist of serum a-fetoprotein

(AFP) and various imaging technologies, including ultraso-

nography (US), each of which, however, has its own limita-

tions. AFP has been questioned for its low diagnostic

sensitivity, which was reported to be 54 % in a large multi-

centric survey including 1,158 patients with HCC [2]. The

screening ability of US relies largely on examiner expertise,

presence of liver cirrhosis, and size of the tumor [3], which

affects the effective and timely detection of HCC at its initial

stage. Therefore, there is an urgent need for development

of new markers to improve early detection and diagnosis

of HCC.

In the course of the search for new biomarkers, circu-

lating cell-free DNA (cfDNA) has become a popular

research focus. Circulating cell-free DNA is defined as

extracellular DNA found in cell-free plasma/serum [4]. It

has been reported for at least the last three decades that

significantly higher cfDNA levels can be found in the sera

of cancer patients, as compared to those with non-malig-

nant diseases [5]. Since then, more and more studies have

revealed that cfDNA, derived from apoptosis, necrosis, and

secretion of tumor cells, can be used for early detection of

various cancers [6, 7], including HCC [8]. CfDNA

changes described in blood include oncogene mutations,

gene rearrangements, microsatellite alterations, and epi-

genetic alterations, as well as the presence of viral DNA

and mutations in mitochondrial DNA [9]. Apart from

other forms of cfDNA changes, epigenetic alterations can

have a vital effect on tumorigenesis and progression.

Moreover, epigenetic silencing of tumor-specific genes

due to aberrant methylation of gene promoter regions has

been proved to play a significant role in hepatocellular

carcinogenesis. Several genes such as p16 [10, 11], p15

[11, 12], GSTP1 [13, 14], RASSF1A [11, 14, 15], APC

[14], and SFRP1 [14] have been reported to be aberrantly

methylated in the sera/plasma of HCC patients and

potentially used as epigenetic markers in a noninvasive

approach to early detection of HCC. The detection of

methylated cfDNA represents one of the most promising

methods for early detection and diagnosis in HCC

patients.

Tissue factor pathway inhibitor-2 (TFPI2) is a member of

Kunitz-type serine protease inhibitors that repress tumor

progression, invasion, and metastasis by inhibiting the plas-

min- and trypsin-mediated activation of matrix metallopro-

teinases (MMPs) [16–18]. Previous reports have proved that

TFPI2 is a potential tumor suppressor gene and frequently

inactivated through promoter methylation in several kinds of

tumors, such as colorectal cancer [19]. Moreover, TFPI2

methylation has been demonstrated to frequently exist in

colorectal cancer patients’ sera and has been suggested to be a

potential tumor marker in serum for the diagnosis of colorectal

cancer [20]. Recently, TFPI2 was found to be a candidate

tumor suppressor gene in human HCC, and frequently

silenced via epigenetic alterations, including promoter

methylation [21]. Based on the above knowledge, we

designed this study to investigate whether TFPI2 methylation

could be detected in the serum of HCC patients and then be

used as a noninvasive marker for HCC detection.

Methods

Subjects

This study included 43 patients who were diagnosed with

HCC, 24 patients with chronic hepatitis B (CHB), and 26

healthy controls based on clinical and laboratory examin-

ations between July 2011 and September 2012 at Qilu

Hospital of Shandong University. HCC patients were

selected from those diagnosed according to the 2010

update of the American Association for the Study of Liver

Diseases (AASLD) Practice Guidelines for Management of

hepatocellular carcinoma [22]. CHB patients were diag-

nosed according to the 2009 update of AASLD Practice

Guidelines for Management of Chronic Hepatitis B [23].

The study protocol was performed according to the Dec-

laration of Helsinki and approved by the Medical Ethical

Committee in Qilu Hospital of Shandong University.

Written informed consent to use all the samples for

research was obtained from each subject.

Serum DNA Extraction and Sodium Bisulfite

Modification

DNA was extracted from 400 lL serum with the QIAamp

DNA Blood Mini Kit (Qiagen, Germany) according to the

‘‘Protocol: DNA Purification from Blood or Body Fluids’’

recommended by the manufacturer. Serum DNA was

eluted in a total volume of 200 lL sterile water and stored

at -20 �C until sodium bisulfite modification.

Then, 20 lL extracted DNA was treated with bisulfite

using the EZ DNA Methylation-Gold KitTM (Zymo

Research, USA) according to the manufacturer’s instruc-

tions. A final volume of 20 lL modified DNA was

obtained, and was either used immediately as a template

for MSP or stored at -20 �C.
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Methylation-Specific Polymerase Chain Reaction

(MSP)

Methylated and unmethylated primers specific for TFPI2

promoter were used to amplify the bisulfite modified DNA

(Table 1). MSP was performed in a total volume of 25 lL

containing 2 lL bisulfite-treated DNA, 0.5 lL of each

primer (10 lM), 9.5 lL nuclease-free water, and 12.5 lL

Premix Taq (Zymo Research, USA), which consisted of

Taq DNA polymerase, reaction buffer, and deoxynucleo-

tide triphosphate mixture. The PCR protocol was com-

posed of an initial denaturation at 95 �C for 5 min,

followed by 45 cycles of denaturation at 95 �C for 30 s,

annealing at 53 �C for 40 s, and primer extension at 72 �C

for 40 s; PCR cycles were followed by final extension at

72 �C for 10 min. Water without DNA was used as a

negative control. PCR products were then electrophoresed

on a 2 % agarose gel, stained with ethidium bromide, and

visualized under UV illumination.

Statistical Analysis

All data were analyzed using SPSS v.16.0 software. We

compared the difference of serum TFPI2 methylation status

between different groups and evaluated the correlation

between serum TFPI2 methylation status of HCC patients

and their clinicopathological parameters using Chi-square

test. p value \0.05 was considered statistically significant.

Results

Detection of Aberrant TFPI2 Promoter Methylation

in Serum Using MSP

We first compared the percentage of methylation of TFPI2

promoter in HCC, CHB patients and normal control

groups. The statistical analysis indicated that the percent-

age of TFPI2 promoter methylation was significantly

higher in the HCC group (46.5 %; Fig. 1) than that in the

CHB group (16.7 %, p = 0.015; Fig. 1) and that in the

normal control group (19.2 %, p = 0.022; Fig. 1),

respectively. However, there was no significant difference

(p = 1.000) between the CHB group and the normal con-

trol group. Figure 2 represents a typical result of TFPI2

promoter methylation by MSP.

Table 1 Primers for MSP of the TFPI2 gene [21]

Primer name Primer sequence(50–30) Product

size (bp)

Annealing

temp. (�C)

M F: TTCGTTTCGTATAAAGCGGGTATTC 166 53

R: CCGTCAAAAAAAACAACAAAATCG

U F: TTTGTTTTGTATAAAGTGGGTATTTGG 165 53

R: CATCAAAAAAAACAACAAAATCAAC

M methylation-specific primers, U unmethylation-specific primers, F forward, R reverse, TFPI2 tissue factor pathway inhibitor-2

Fig. 1 The percentage of methylation of TFPI2 promoter in hepa-

tocellular carcinoma (HCC), chronic hepatitis B (CHB) and normal

control (NC) groups. The percentage of TFPI2 promoter methylation

was 46.5 % (20/43) of HCC, 16.7 % (4/24) of CHB, and 19.2 %

(5/26) of normal controls. *p \ 0.05

Fig. 2 Typical methylation analysis result of the tissue factor

pathway inhibitor-2 (TFPI2) gene promoter by MSP. A typical TFPI2

promoter methylation analysis result of hepatocellular carcinoma

(HCC), chronic hepatitis B (CHB) and normal control (NC) groups.

N negative control, M methylation-specific primers, U unmethylation-

specific primers. The detection of bands of 166 and 165 bp indicates

the presence of the methylated sequences and the unmethylated

sequences, respectively. Partial methylation was observed in this

HCC patient, whereas only the unmethylated sequences were detected

in the CHB patient and normal control
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Sensitivity and Specificity for Serum TFPI2

Methylation as a Diagnostic Marker

When used to discriminate HCC from normal control,

aberrant serum TFPI2 methylation showed 46.5 % (20/43)

sensitivity, 80.8 % (21/26) specificity, 80 % (20/25) posi-

tive predictive value, and 47.7 % (21/44) negative predic-

tive value. When serum TFPI2 methylation was used to

discriminate HCC from CHB patients, the sensitivity,

specificity, positive predictive value, and negative predic-

tive value were 46.5 (20/43), 83.3 (20/24), 83.3 (20/24) and

46.5 % (20/43), respectively.

Relationship Between TFPI2 Promoter Methylation

in Serum and Clinicopathological Parameters of HCC

Patients

Our results indicated that patients with advanced TNM

stage (III–IV) showed significantly elevated percentage of

serum TFPI2 methylation in comparison with those with

early TNM stage (I–II) (p = 0.025, Table 2). Moreover,

TFPI2 methylation was observed more frequently accord-

ing to the progression of TNM stage (Table 3), suggesting

that TFPI2 methylation in serum tended be detected more

easily in patients with advanced HCC. No significant cor-

relation was observed between the methylation status of

TFPI2 and other parameters, such as patient gender, age,

tumor size, hepatitis B virus (HBV) infection, or serum AFP

levels. However, among the 29 HCC patients with serum

AFP levels less than 400 lg/L, 13 cases were detected with

serum TFPI2 methylation, which revealed by combined

analysis that using both serum TFPI2 methylation and AFP

improved the detection rate of HCC (61.0 %, 25/41).

Discussion

Previous reports have demonstrated that TFPI2 promoter

methylation was detected in the sera of colorectal and

gastric cancer patients [20, 24]. In this present study, we

Table 2 Clinicopathological

data and serum TFPI2

methylation of hepatocellular

carcinoma patients

Characteristics n (%) Methylated Unmethylated v2 p value

Total number 43 20 23

Gender

Male 36 (83.7) 17 19 0.045 1.000

Female 7 (16.3) 3 4

Age

C55 22 (51.2) 11 11 0.22 0.639

\55 21 (48.8) 9 12

TNM stage

I–II 25 (58.1) 8 17 5.055 0.025

III–IV 18 (41.9) 12 6

Tumor size (cm)

C5 27 (62.8) 12 15 0.125 0.724

\5 16 (37.2) 8 8

HBV infection

Yes 37 (86.0) 17 20 0.034 1.000

No 6 (14.0) 3 3

AFP levels (lg/L)

C400 12 (29.3) 5 7 0.034 0.853

\400 29 (70.7) 13 16

Table 3 TNM stage and TFPI2

methylation in serum of HCC

patients

Clinicopathological

feature

Variable No. of cases Methylated Unmethylated Detection

rate (%)

TNM stage I 17 5 12 29.4

II 8 3 5 37.5

III 14 9 5 64.3

IV 4 3 1 75.0

Total 43 20 23 46.5
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first demonstrated the presence of TFPI2 promoter meth-

ylation in the sera of HCC patients. Using MSP, we

detected aberrant TFPI2 promoter methylation in the sera

in 20 cases of 43 (46.5 %) HCC patients, which was sig-

nificantly higher than that in CHB patients and normal

controls. Our result is consistent with the recent study

revealing that aberrant promoter methylation on TFPI2 was

found in 47 % (16/34) of primary HCC tissues [21].

In the diagnostic aspect, the status of serum TFPI2

methylation discriminated HCC from normal control with a

sensitivity of 46.5 % and a specificity of 80.8 %, and dis-

criminated HCC from CHB patients with a sensitivity of

46.5 % and a specificity of 83.3 %. This detection rate

(46.5 %) of serum TFPI2 methylation was quite close to

that of serum AFP (54 %) [2]. Furthermore, the absence of a

correlation between serum levels of TFPI2 methylation and

AFP has allowed the combined use of these two markers to

improve their diagnostic ability. As a matter of fact, com-

bined analysis of both serum TFPI2 methylation and AFP

revealed an elevated detection rate of 61.0 %, suggesting

that serum TFPI2 methylation could be a potential marker

for noninvasive detection and diagnosis of HCC.

Tissue factor pathway inhibitor-2, widely expressed in

various normal adult human tissues, such as liver, skeletal

muscle, heart, kidney, and pancreas [25], is a Kunitz-type

serine protease inhibitor synthesized and secreted into the

extracellular matrix (ECM) by endothelial cells, smooth

muscle cells, fibroblasts, karatinocytes, and urothelium

[26, 27]. Degradation of the ECM is an essential process for

tumor invasion and metastases, and involves various

matrix-degrading proteinases. The most important proteo-

lytic ECM enzymes are matrix metalloproteinases

(MMPs). It has already been demonstrated that TFPI2 has

an anti-invasive effect mediated via inhibition of plasmin

that activates MMP1 and MMP3 promoting degradation of

ECM and tumor invasion [18]. In addition, it has also been

reported that TFPI-2 may have a tumor suppressive

potential for inducing apoptosis and inhibiting angiogene-

sis. Restoration of TFPI-2 activates both intrinsic and

extrinsic caspase-mediated, proapoptotic signaling path-

ways and induces apoptosis in the human glioblastoma cell

line [28]. In other studies, restored expression of TFPI2 in

nonexpressing tumor cells markedly suppressed their pro-

liferation, migration, and invasive potential in vitro in HCC

and pancreatic cancer [21, 29]. Moreover, several tumor

cell lines became less invasive when they were stably

transfected with TFPI2 [26, 30, 31]. Based on the above

knowledge, we concluded that downregulation of TFPI2

due to promoter methylation could thus enhance the inva-

sive potential of neoplastic cells. Indeed, in this study, our

results indicated that HCC patients with advanced TNM

stage (III–IV) showed significantly higher serum methyl-

ation percentage of TFPI2 than that in patients with early

TNM stage (I–II) (p = 0.025), and that TFPI2 methylation

was observed more frequently according to the progression

of TNM stage, suggesting that TFPI2 methylation in serum

tended to be detected more easily in patients with advanced

HCC. In agreement with our observations, Rollin et al. [32]

reported that decreased TFPI2 gene expression and TFPI2

methylation were more frequently associated with

advanced stages (stages III and IV) of non-small cell lung

cancer, and that the TFPI2 gene promoter was more fre-

quently methylated in patients with lymph node metastases.

In another study, by quantitative methylation-specific PCR

assay, the aberrant methylation rate of TFPI2 in endo-

scopically aspirated pure pancreatic juice was observed to

be 100 % (6/6) in pancreatic cancer patients with liver

metastasis and 86.7 % (26/30) in stages IVa ? IVb of

pancreatic cancer, compared to 50.0 % (3/6) in stages I–III

[33]. In addition, in a recent study on colorectal cancer,

TFPI2 methylation was significantly found in sera of

patients with large, poorly differentiated carcinoma, deep

invasion, lymph node metastases, or distant metastases.

Furthermore, TFPI2 methylation was also observed more

frequently according to the TNM stage, suggesting that

TFPI2 methylation in serum could be detected more easily

in patients with advanced colorectal cancer [20]. Based on

the anti-invasive role that TFPI2 plays in tumor progres-

sion, invasion, and metastasis, our results and all the above

observations indicated that TFPI2 methylation in serum

might be used as a predictor of HCC progression.

In previous studies, many techniques have been applied

to detect promoter methylation in various cancers, such as

real-time quantitative MSP and combined bisulfite restric-

tion analysis. Among them, MSP is a beneficial approach for

its high sensitivity, specificity, and convenience. Given that

Vogelstein et al. [34] had detected nearly 1 methylated gene

copy/1,000 unmethylated copies in dilution experiments, it is

a relatively sensitive, specific, and simple method to detect

even a very low level of TFPI2 methylation in serum.

There are some limitations in this present study. Firstly, the

conclusion that TFPI2 methylation was observed more fre-

quently according to the progression of TNM stage (Table 3)

becomes less valuable due to the limited sample number of

HCC patients. More studies with a larger number of HCC

cases are expected to further confirm our observations. Sec-

ondly, we did not complete follow-up investigations for HCC

patents due to time constraints, which affected the predictive

value of serum TFPI2 methylation for HCC patient prognosis.

We will continue this work in our further study.

In conclusion, our study demonstrated that TFPI2 meth-

ylation frequently existed in the serum of HCC patients and

that serum TFPI2 methylation could be used as a potential

marker for noninvasive detection of HCC. Furthermore,

TFPI2 methylation was observed more frequently according

to the progression of TNM stage, suggesting that TFPI2
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methylation in serum tended to be detected more easily in

patients with advanced HCC and might be used as a predictor

of HCC progression.
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