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Hepatocellular carcinoma (HCC) is the 3rd deadliest 
and 5th most common cancer worldwide [1], it ranks the 
second incidence in China among all malignancies, and 
its mortality is almost equal to its morbidity [2]. Carcino-
genesis of HCC is a multi-factor, multi-step and complex 
process, most of which is associated with a background 
of chronic and persistent infection of HBV and HCV [3–5], 
along with alcohol and aflatoxin B1 intake are widely rec-
ognized etiological agents in HCC [6–7]. However, the un-
derlying mechanisms that lead to malignant transforma-
tion of infected cells remain unclear. Most of HCC patients 
died quickly because of the rapid tumor progression, and 

hepatic resection or transplantation is the only potential 
curative treatment for HCC patients [8–9]. Although the 
HCC mortality has significantly decreased with devel-
opment of surgical technique, about 60%–100% patients 
suffered from HCC recurrence ultimately even after cu-
rative resection that limits the survival of HCC patients 
[10–11]. The most urgent needs are to find sensitive markers 
for early diagnosis and monitoring postoperative recur-
rence of HCC, and guide us to take adequate treatment 
for HCC patients [12].

HCC has many characteristics, such as infiltrating 
growth, metastasis in early stage, high-grade malignancy, 
and poorly therapeutic efficacy. Although total AFP is a 
useful marker for HCC diagnosis, with false-negative or 
false-positive rate alone may be as high as 30%–40% [13–14], 
especially for early diagnosis or small size HCC (< 3 cm). 
However, the analysis of either genetic markers of HCC 
or tumor specific-protein can monitor carcinogenesis of 
hepatocytes and diagnose HCC at early stage [15]. If hepa-
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tocyte-specific mRNAs are detected in circulating blood, 
it is possible to infer the presence of circulating, presum-
ably malignant cells and predict the likelihood of haema-
togenous metastasis [16]. Hepatic γ-glutamyl transferase 
(GGT) with alteration of methylation status is re-ex-
pressed during HCC development [17, 5]. Hepatoma specific 
GGT (HS-GGT, including I’, II, and II’) is a part of total 
GGT activity that was only found in sera of HCC patients, 
and has been confirmed a useful specific HCC marker and 
its analysis may improve the specificity and sensitivity 
of HCC diagnosis [18]. In this study, the clinical values of 
circulating HS-GGT activities by quantitative detection 
method and AFP-mRNA from peripheral blood nuclear 
cells (PBMCs) by reverse-transcriptase polymerase chain 
reaction (RT-PCR) were investigated as tumor markers 
in diagnosis, differential diagnosis, and haematogenous 
metastasis of HCC.

Patients and methods

Patients 
We studied 187 patients with HCC, 39 cases with acute 

hepatitis (AH), 92 with chronic hepatitis (CH), 91 with 
liver cirrhosis (LC), 33 with extra-hepatic tumors (in-
cluding 5 cases with cholangiocarcinoma, 7 with carci-
noma of pancrease, 7 with gastric cancer, 8 with colonic 
carcinoma and 5 with breast carcinoma) and 60 healthy 
volunteers as a control. Five mL of blood was collected 
in heparinized tubes and centrifuged within 2 h for HS-
GGT. At the same time, PBMCs were isolated from lym-
phocytes by density gradient centrifugation. After being 
rinsed twice with normal saline, the nuclear cells were 
counted and stored at –85 ℃. The vein blood were col-
lected with trisodium citrate anticoagulant and stored on 
ice. The diagnosis of HCC and viral hepatitis was based 
on the criteria proposed at Chinese Collaborative Cancer 
Research Group and the Beijing Chinese National Viral 
Hepatitis Meeting [19], respectively.

Hepatoma tissues
Human hepatoma and its noncancerous tissues were 

obtained from 30 patients who underwent operations for 
liver cancers at the Affiliated Hospital of Nantong Uni-
versity. The livers were immediately frozen in liquid 
nitrogen and kept at –85 ℃ until required. The patients 
included 25 males and 5 females, age ranged from 28 to 
74 years. The sizes of liver cancers were 21 cases less 
than 3 cm and 9 cases more than 3 cm. Serum AFP levels 
were 18 cases with > 50 ng/mL and 12 with < 50 ng/mL. 
Pathologic examination of the livers with hematoxylin 
and eosin staining showed that all cancerous tissues were 
highly differentiated HCC; and the noncancerous tissues 
were cirrhosis in 21 cases, chronic hepatitis in 9 cases, and 
atypical hyperplasia in 11 cases.

Separation of PBMCs and extraction of
total RNA

Five millilitre of anticoagulant blood were collected 
and 2.5 mL of Ficoll added to each sample, after cen-
trifugation at 2000 r/min for 20 min, the PBMCs were 
collected from the Ficoll/ plasma interface. Then washed 
three times in normal saline and pelleted by using low-
speed centrifugation, and were collected in 2 × 105/tube 
then stored at –85℃ for total RNA preparation. The cells 
or 50 mg of each liver tissue (HCC, and their self-control 
non- cancerous tissues) was homogenized with a Poly-
tron homogenizer after the addition of 1.0 mL of TRIZol 
reagent (Promega, USA). Then 0.2 mL of chloroform to 
tubes, mixed by vortex mixing for 15 s, and put at –20 ℃ 
for 5 min, and centrifuged at 12000 r/min for 15 min at 4 
℃. The supernatants were collected, and added equiva-
lent isopropanol to a new tube and mixed gently, put at 
–20℃ for 15 min, and then centrifuged at 12000 r/min for 
15 min at 4℃. The supernatants were removed, washed 
the RNA pellets twice with 0.5 mL of 75% ethanol, mixed 
and centrifuged at 8000 r/min for 8 min at 4 ℃. The RNA 
pellets were air dried 5 min at room temperature and re-
constituted in 20 μl of RNase- free DEPC water and incu-
bated at 60 ℃ for 10 min. The purity and concentration 
of the RNA was estimated from the ratio of absorbance at 
260 to 280, and RNA samples were kept frozen at –85 ℃ 
until required.

Synthesis of AFP-cDNA and
Nested-PCR amplification

Two sets of primers were designed according to AFP 
sequence [20] and synthesized with synthesizer (Shanghai 
Institute of Cell Biology, Chinese Academy Sciences). 
The sequences of the two external primer pairs used for 
the initial PCR amplification were AFP-1 (sense), 5’-AAC
TAGCAACCATGAAGTGG-3’ (nt 37-56) and AFP-2 (an-
tisense), 5’-CATGGCAAAGTTCTTCCAGA-3’ (nt 329–
358). The sequences of the two internal primer pairs used 
for the second PCR amplification were AFP-3 (sense), 5’-
CCAATGTA CTGCAGAGATAAG-3’ (nt 152–172) and 
AFP-4 (antisense), 5’-TCTAAACACCCTGA AGACTG-3’ 
(nt 291–310). For synthesis of cDNA, 2 μg of total RNAs 
was denatured in the presence of random hexamers (100 
pmol/L, Promega, USA) and reverse-transcriptase (GIB-
CO, BRL) at 23 ℃ for 10 min, 42 ℃ for 60 min and 95 ℃ 
for 10 min, then on ice for 5 min, and stored at –20℃ for 
PCR amplification. The PCR amplification consisted of 
initial denaturation at 94 ℃ for 5 min, followed by 94 ℃ 
for 25 s, 55 ℃ for 30 s, and 72 ℃ for 90 s for 30 cycles. The 
final product of nested PCR was 159 bp. Human glyceral-
dehydes-3-phosphate dehydrogenase (GAPDH) genome 
[21] was used for control. Primer sequence for GAPDH 
was GAPDH-1 (sense), 5’-ACCACAGTCCATGCCATCA 
C-3’ (nt 601-620) and GAPDH-2 (antisense), 5’-TCCAC
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CACCCTGTTGCTGTA-3’ (nt 1033–1052), and the PCR 
product was 452 bp. All PCR products were electrophore-
sesed on 2% agarose gels with ethidium bromide staining. 
The fragment sizes were evaluated using PCR markers 
(Promega, USA) as molecular weight standards. 

Sequencing of PCR products
AFP amplified products (159 bp) from PBMCs or hepa-

tomas were purified with the Montage PCR centrifugal 
filter devices (Millipore, USA) according to the instruc-
tion of protocol. One microgram DNA was used for prep-
aration of sequencing reaction and directly sequenced us-
ing the MegaBACE DNA analysis system in MegaBACE 
DNA sequencer with the DYEnamic ET Dye Terminator 
Cycle Sequencing Kit (Amersham Biosciences, USA), fol-
lowing their protocol. The sequences were edited using 
the MegaBACE Sequence Analyzer Version 3.0 program 
(Amersham Biosciences, USA) and aligned with the am-
plified AFP fragments.

Detection of HS-GGT activities
Blood was drawn from 442 inpatients, including HCC 

patients, hospitalized at the Affiliated Hospital of Nan-
tong University (Nantong, China) and 60 healthy persons 
from Nantong Central Blood Bank as normal controls. 
Blood was allowed to clot at room temperature and serum 
was obtained by centrifugation at 2000 g for 10 min. Total 
GGT activities and circulating HS-GGT were performed 
within 1 day of blood collection. Total GGT and HS-GGT 
activities (IU/L) were quantitatively measured according 
to the previous method as described [5]. Total GGT activ-
ity exceeding 30 IU/L, and HS-GGT concentration more 
than 5.5 U/L was interpreted as an abnormal result. 

Statistical analysis
All patients were divided into 6 groups: HCC, acute 

hepatitis, chronic hepatitis, cirrhosis, extrahepatic tumor, 
and normal subjects. Human hepatoma tissues were di-
vided into two groups: cancerous and noncancerous tis-
sues. Results are expressed as mean ± standard deviation 
(SD). Differences between different groups were assessed 

by the Student’s t test or the χ2 test. P < 0.05 was consid-
ered to be significant.

Results

Amplification of AFP-mRNA and sensitivity
The amplification of AFP genome fragments from 

HCC tissues and PMBCs by using a nested PCR assay is 
shown in Fig. 1. The sizes of amplified fragments were 
identical to the original designed ones, which were 312 
bp in single-step PCR, and 159 bp in nested-PCR (Fig. 1). 
Difference between single-step PCR and nested PCR for 
amplified AFP-mRNA were compared in 120 peripheral 
blood samples. The positive frequency of AFP-mRNA 
was 5.8% (7 of 120) in single- step PCR and 56.7% (68 
of 120) in nested-PCR, the later incidence of nested PCR 
was higher significantly than that in the former one (P < 
0.05). Total RNA (2 mg/L) extracted from hepatoma tis-
sues were diluted 10–2–10–8 times. The lowest sensitivity 

Table 1 Comparative analysis of AFP-mRNA from peripheral blood nuclear cells with serum total AFP level in diagnosis of HCC

Group n
Total AFP (ng/mL) AFP-mRNA

Mean ± SD > 50 PBMCs × 104/μL Positive
n % n %

HCC 187 1523 ± 1990 128 68.5 0.5–510 113 60.4
Acute hepatitis 39 41 ± 65* 13 33.3 15–520 0* 0
Chronic hepatitis 92 86 ± 105* 32 34.8 3.0–120 5* 5.4
Liver cirrhosis 91 196 ± 179* 34 37.4 5.6–498 15* 16.5
Extrahepatic tumor 33 60 ± 105* 9 27.3 1.5–340 0* 0
Normal control 60 8 ± 5.2* 0 0 51–1520 0* 0
* P < 0.001 vs. HCC group. PBMCs: peripheral blood nuclear cells; HCC: hepatocellular carcinoma; SD: standard deviation

Fig. 1 Amplification of AFP-mRNA from circulating blood samples of 
HCC and patients with other diseases. AFP-mRNA was synthesized to 
AFP-cDNA with random hexamers and moloney murine leukemia virus 
reverse-transcriptase, and detected with different primer pairs by nested 
PCR (159 bp). The positive fragments of AFP genome were found dis-
tinctly in peripheral blood and hepatoma tissues from HCC patients. The 
amplified fragments (452 bp) of glyceraldehydes-3-phosphate dehydroge-
nase (GAPDH) genome from peripheral blood as controls. The amplified 
fragments of AFP genomes in circulating blood samples of HCC patients 
(1–3), patients with chronic hepatitis (4), patients with acute hepatitis (5), 
and patients with extra-hepatic tumors (6). The dilution experiment re-
vealed that the lowest sensitivity of the assay was 2 ng/L of total RNA 
from hepatoma tissues, using total RNA with 10–2–10–8 fold dilution and 
then amplified by nested PCR.
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of the assay was 2 ng/L of total RNA (Fig. 1) and showed 
distinctly positive fragments from hepatomas or PMBCs 
of HCC patients.

Detection of AFP-mRNA and sequence analysis
The total RNA levels were investigated in HCC and 

their non-cancerous tissues, with 17.90 ± 27.71 μg/mg 
wet liver in HCC and significantly lower (P < 0.01) than 
that in their non-cancerous tissues (41.41 ± 50.33 μg/mg 
wet liver). However, the incidence of AFP gene in HCC 
(30 of 30, 100%) was significantly higher (P < 0.01) than 
in their non-cancerous tissues (18 of 30, 60%). The quan-
titative AFP levels and AFP-mRNA from patients with 
different diseases and controls are shown in Table 1. The 
AFP incidence in HCC group was 68.5% and significantly 
higher than that in the others with benign liver diseases 
(33%–37%) or extrahepatic tumors (27%). The positive 
rate of AFP-mRNA was 60.4% in HCC. There were no 
false-positives among other patients or controls. In pa-
tients with chronic hepatitis, 5.4% (5 of 92) had positive 
AFP-mRNA as well as 16.5% (15 of 91) with cirrhosis. By 
sequencing, the nucleotide homologies of AFP amplified 
fragments from hepatomas or PBMCs were identical to 

the cited one (Fig. 2) [20].

Abnormality of HS-GGT Activity in HCC patients
Serum HS-GGT activities in patients with different 

diseases are shown in Fig. 3. The quantitative HS-GGT 
activity showed that only HS-GGT was overexpressed in 
HCC and much lower in patients with benign liver dis-
eases or extrahepatic tumors. Significant differences (P < 
0.01) were observed between the HCC group and each of 
the study groups in HS-GGT. The average HS-GGT activ-
ity in the HCC group was 9–12 times higher (P < 0.01) 
than that in the acute hepatitis, chronic hepatitis, cirrho-
sis, and extrahepatic tumor groups, and 160 times higher 
(P < 0.01) than that in the normal subjects. In the current 
study, HS-GGT activity exceeding 5.5 IU/L was taken as 
a positive result; 84.5% (158 of 187) of HCC patients had 
a positive HS-GGT result (sensitivity 84.5%). There were 
no false-positives among patients with acute hepatitis or 
extrahepatic tumor or among normal subjects. The HS-
GGT activities at 2 weeks after postoperative patients 
had decreased to 0.3–6.8 IU/L in sera of 30 HCC patients 
whose HS-GGT levels were over 5.5 IU/L before surgical 
operation.

Complementary diagnostic values of HS-GGT 
and AFP-mRNA

The relationship between two markers and different 
AFP levels was analyzed in HCC patients. The abnormal 
frequencies of HS-GGT and AFP-mRNA were 78.2% and 
56.4% in 0–50 ng/mL group, 85.7% and 54.2% in 51–499 
ng/mL group, 88.0% and 60.0% in 500-999 ng/mL group, 
and 87.5% and 66.7% in more than 1000 ng/mL group, 
respectively. The higher positive rates for HCC diagnosis 
were found in AFP < 50 ng/mL group, and no significant 
relation was found between two markers. Although the 
incidence of AFP-mRNA only was lower than that of HS-
GGT. However, the positive result of AFP-mRNA could 
be found in HCC patients with lower HS-GGT activity. A 
comparative analysis of HS-GGT and AFP-mRNA mark-
ers for HCC diagnosis is shown in Table 2. The total inci-
dence of combined two markers was higher up to 93.6% 

Fig. 3 The diagnostic values of circulating hepatoma-specific gamma- 
glutamyl transferase activities in sera of patients with different liver dis-
eases or extrahepatic tumors. HS-GGT: serum hepatoma-specific gam-
ma-glutamyl transferase; HCC: patients with hepatocellular carcinoma; 
AH: patients with acute hepatitis; CH: patients with chronic hepatitis; LC: 
patients with liver cirrhosis; ET: patients with extrahepatic tumor

Fig. 2 Alignment of nucleotide sequences of 
the amplified fragments of AFP genome from 
hepatoma tissues or PMBCs in HCC patients. 
Origin: the cited sequence (159 bp, nt 152–310) 
of human AFP genome; Hepatoma: the ampli-
fication fragment of AFP genome from hepa-
toma tissue; PBMCs: the amplified fragment of 
peripheral blood AFP genome from patient with 
hepatocellular carcinoma
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(175 of 187) for HCC diagnosis. 

Clinical characteristics of HS-GGT and 
AFP-mRNA

According to HCC stage, tumor size and number, ex-
trahepatic metastasis, and HBV infection, the clinical 
characteristics of HS-GGT and AFP-mRNA are shown in 
Table 3. No positive correlation was found between HS-
GGT marker and above clinical characteristics of HCC 
(P > 0.05), and between AFP-mRNA marker and tumor 
number or HBV infection (P > 0.05). However, signifi-
cant difference was found between AFP-mRNA and HCC 
stage, or tumor size and HCC with extrahepatic metas-
tasis (P < 0.01), suggesting that the positive AFP-mRNA 
predicts a higher level of vessel invasiveness and higher 
metastasis tendency of liver tumors. 

Discussion

Major risk factors for HCC in these areas are exposure 
to aflatoxin B1 and infection by HBV or HCV [22–24], and 

its prognosis is poor and early diagnosis is of the utmost 
importance. HCC patient has putatively accepted that 
surgery, including curative resection and liver transplan-
tation, is the only hope for curing this malignant disease. 
With the advance in surgical techniques, the surgical 
mortality of HCC has decreased significantly in the past 
decades. The 5-year survival rate after curative resection 
of HCC has risen from 16.0% up to 48.6 %. But unfortu-
nately, even after curative resection, approximately from 
40% to 100% HCC patients will suffer from tumor recur-
rence [25–26]. However, it is of great importance to find 
valuable early diagnostic and prognostic markers, which 
could predict the development and metastases of HCC. 
With the help of those markers, doctors could perform 
proper postoperative treatment on those who are at a 
high risk of cancer recurrence.

AFP-mRNA is a predictor for HCC metastasis and re-
currence, but the results are rather controversial. How-
ever, the current data revealed that the HS-GGT and AFP 
mRNA as tumor markers for diagnosing HCC and predict-
ing the distal metastasis of HCC. The high GGT activity 

Table 2 Complementary diagnostic values of combined AFP-mRNA and HS-GGT detection in patients with liver diseases or extrahepatic tumors

Group n Positive Negative P*
n % n %

HCC 187 175 93.6 12 6.4 –
Acute hepatitis 39 0 0 39 100 < 0.001
Chronic hepatitis 92 5 5.4 87 94.6 < 0.001
Liver cirrhosis 91 15 16.5 76 83.5 < 0.001
Extra-hepatic tumor 33 0 0 33 100 < 0.001
Normal control 60 0 0 60 100 < 0.001
* P: each group vs. HCC group. HCC: hepatocellular carcinoma; HS-GGT: serum hepatoma-specific gamma-glutamyl transferase

Table 3 Relationship between circulating HS-GGT or AFP mRNA and HCC stage or metastasis

Group n HS-GGT P AFP-mRNA Pn % n %
HCC 

Stage I–II 115 94 81.7 > 0.05 50 43.5 < 0.01Stage III–IV 72 64 88.9 63 87.5
Tumor size (cm)

< 3 58 46 79.3 > 0.05 20 34.5 < 0.01≥ 3 129 112 86.8 93 72.1
Tumor numbers

Single 125 105 84.0 > 0.05 75 60.0 > 0.05Multiple 62 53 85.5 38 61.3
Extrahepatic metastasis

With 97 84 86.6 > 0.05 97 100 < 0.01Without 90 74 82.2 16 17.8
HBV infection

With 165 139 84.2 > 0.05 99 60.0 > 0.05Without 22 19 86.4 14 63.6
Total AFP level (ng/mL)

< 50 55 43 78.2 > 0.05 31 56.4 > 0.05> 50 132 115 87.1 82 62.1
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observed at the fetal stage decreases rapidly at birth and 
is barely detectable in the adult. It is often re-expressed 
in adult hepatocarcinogenesis, because the gene encoding 
human GGT is highly expressed in fetal liver or in adult 
liver-bearing cancers related to the hypomethylation 
status of GGT gene CCGG sites, 5 but not in the normal 
adult liver. Experimental studies have shown that GGT is 
strikingly activated during the course of tumorigenesis in 
rat hepatoma models, and that it is significantly increased 
in hepatocytes at the precancerous stage and in HCC [17]. 
In this study, an elevated HS-GGT activity could occur 
only in HCC patients, and not in others with benign liver 
diseases or non-hepatic tumors, and it may improve the 
specificity of HCC diagnosis and is useful in the differen-
tial diagnosis of benign and malignant liver diseases, sug-
gesting that the complementary diagnostic values of HS-
GGT and AFP-mRNA simultaneous assay can increase 
the diagnostic accuracy of HCC.

Both HS-GGT and AFP-mRNA were analyzed as po-
tential HCC molecular biomarkers [27–28]. Although patho-
logical parameters such as tumor size, tumor stage, and 
tumor metastasis were analyzed, there was marked dif-
ference of HG-GGT and AFP-mRNA markers among the 
groups. For HCC diagnosis, the higher positive rate of HS-
GGT was found in any of groups and no correlated with 
these clinical parameters between different groups in 
HCC patients, especially for diagnosis of small-size HCC 
or early finding of HCC with stage-I and -II. Conversely, 
the higher positive rate of AFP-mRNA was strongly as-
sociated with advanced-stage HCC, large-size HCC and 
HCC with distal metastasis. HS-GGT is a biomarker not 
only for AFP-mRNA positive HCC but also for AFP-
mRNA negative HCC, and no significant relation was 
found between them. On the other hand, AFP-mRNA 
positivity was detected in some cases with negative HS-
GGT. Furthermore, serum HS-GGT activity could de-
crease to lower level or normal reference after operation. 
However, although the positive rate of AFP-mRNA was 
not so higher in the early diagnosis of patients with small-
size HCC, it could monitor the distal mini-metastasis of 
HCC or the postoperative recurrence of HCC.

HCC exhibit numerous genetic abnormalities as well 
as epigenetic alterations including modulation of DNA 
methylation. Molecular factors involved in the process of 
HCC development and metastasis. Recent findings from 
several laboratories have implicated constitutive activa-
tion of the transcription factor NF-κB as one of the early 
key events involved in neoplastic progression of the liver. 
Further studies will permit us to analyze mechanism of 
human hepatocarcinogenesis and pay attention to these 
areas. However, the combination of the pathological fea-
tures and some of the biomarkers with high sensitivity 
and specificity for early diagnosis and metastasis of HCC 
seem to be more practical up to now [29–30]. 
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