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Abstract

Hepatocellular carcinoma (HCC) is one of the most
frequent malignant tumors and is the second most
common cause of cancer death in China. Therefore, it is
very important to detect this disease and the recurrence
at its earlier period. Serum tumor markers, as the
effective method for detecting hepatocellular carcinoma
for a long time, could be divided into 4 categories:
oncofetal antigens and glycoprotein antigens; enzymes
and isoenzymes; genes; and cytokines. Serum alpha
fetoprotein (AFP) is the most widely used tumor marker
in detecting patients with hepatocellular carcinoma, and
has been proven to have capability of prefiguring the
prognosis. However, it has been indicated that AFP-L3
and DCP excel AFP in differentiating hepatocellular
carcinoma from nonmalignant hepatopathy and
detecting small hepatocellular carcinoma. Some tumor
markers, such as human cervical cancer oncogene and
human telomerase reverse transcriptase mRNA, have
also been indicated to have higher accuracies than
AFP. Furthermore, some other tumor markers, such as
glypican-3, gamma-glutamyl transferase II, alpha-I-
fucosidase, transforming growth factor-betal, tumor-
specific growth factor, have been indicated to be
available supplementaries to AFP in the detection. AFP
mRNA has been shown to correlate with the metastasis
and recurrence of HCC, and it may be the most useful
marker to prefigure the prognosis. Some other markers,
such as gamma-glutamyl transferase mRNA, vascular
endothelial growth factor, and interleukin-8, could also
be used as available prognostic indicators, and the
simultaneous determination of AFP and these markers
may detect the recurrence of HCC at its earlier period.
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INTRODUCTION

Hepatocellular carcinoma (HCC), one of the most frequent
malignant tumors, is the second common cause of cancer
death in China, where its mortality rate is 20.37/100
thousand'". Surgical resection is the most effective method
for curing this disease, but a large amount of cases are
not adapted to surgery because of their intrahepatic or
distant metastases at the time of diagnosis. Furthermore,
the long-term survival of postoperative HCC patients
is unsatisfactory for the high incidence of recurrence.
Therefore, it is very important to detect HCC and the
recurrence at its earlier period. By reasons of convenience,
inexpensiveness, and the satisfactory accuracy, serum
tumor markers have been used as an effective method
for detecting malignant tumors for a long time, and they
could be valuable supplementaries to ultrasonography and
computer tomography in the diagnosis of HCC. Using the
appropriate single or combination of tumor markers may
improve the effectiveness in screening HCC patients.

ONCOFETAL ANTIGENS AND
GLYCOPROTEIN ANTIGENS

Alpha-fetoprotein and alpha-fetoprotein-L3

Alpha fetoprotein (AFP) is a fetal specific glycoprotein
produced primarily by the fetal liver. Normally, its serum
concentration falls rapidly after birth and its synthesis
in adult life is repressed. However, greater than 70% of
HCC patients have a high serum concentration of AFP
because of the tumor excretion. Forty years after its
discovery, serum AFP remains a most useful tumor marker
in screening HCC patients. The serum concentration of
20 ng/mL is the most commonly used cut-off value to
differentiate HCC patients from healthy adults in clinical
researches. However, some investigations have showed that
the cut-off value is fluctuant in different ethnic groups.
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The best cut-off value of AFP has been reported to be 30
ng/mL (sensitivity of 65%, specificity of 89%) in Sicilian
population compared with 200 ng/mL (sensitivity of 70%,
specificity of 100%) in Burman population”. One of
possible reasons for this difference is the diverse living
circumstance which has a great influence on epidemiology.
Besides the purpose of screening HCC, serum and tissues
AFP could also be used as prognostic indicators™. HCC
patients with a high AFP concentration (= 400 ng/mL)
tend to have greater tumor size, bilobar involvement,
massive or diffuse types, portal vein thrombosis, and a
lower median survival rate™, This is partially caused by
the expression of ephtin-Al (an angiogenic factor) and the
ability of AFP to elicit the escape of carcinoma cells from
the host’s lymphocytes immune surveillance™. Though
the measurement of AFP serves as an important tool in
screening HCC patients, some reports have indicated that
it has limited utility of differentiating HCC from benign
hepatic disorders for its high false-positive and false-
negative rates, and patients with acute exacerbation of viral
hepatitis but no HCC may also have markedly increased
AFP levels”. Using the cut-off value of 20 ng/mlL to
differentiate HCC from HCV-infected patients, sensitivities
merely range from 41% to 65% with specificities of
80% to 94% correspondingly”. Moreover, the positive
predictive value (PPV) of AFP is significantly lower in
detecting HCC patients with viral etiology than that in
detecting HCC patients with non-viral etiology (70% »s
94%, P <0.05), and it will not reach 100% in HCC patients
with viral etiology unless their serum concentration of
AFP is greater than 400 ng/mL[z’“]. Therefore, AFP is
mote useful in detecting HCC patients with non-viral
etiology.

Total AFP can be divided into three different
glycoforms, namely AFP-L1, AFP-L2 and AFP-L3,
according to their binding capability to lectin lens
culinaris agglutin (LCA). AFP-L1, as the non-LCA-bound
fraction, is the major glycoform of AFP in the serum
of nonmalignant hepatopathy patients. On the contrary,
AFP-L3, as the LCA-bound fraction, is the major glycoform
of AFP in the serum of HCC patients, and it can be
detected in approximately 35% of patients with small HCC
(< 3 cm), especially when the tumor mass is supplied by
the hepatic artery. At the cut-off level of 15%, sensitivities
of AFP-L3 in detecting HCC range from 75% to 96.9%
with specificities of 90% to 92.0% correspondingly™'?,
Furthermore, some clinical researches have indicated that
the high percentage of AFP-L3 is closely related to poor
differentiation and biologically malignant characteristics
(especially portal vein invasion) of HCC'"*" and HCC
patients with positive AFP-L3 would have worse liver
function, poorer tumor histology, and larger tumor mass'' .,
Compared with those with serum concentration of des-
gamma-carboxyprothrombin (DCP) over 100 mAU/mL,
HCC patients with percentage of serum AFP-L3 over 15%
also showed a higher incidence of infiltrative-type HCC
with an irregular margin (P<0.05) and a higher frequency
of poorly differentiated HCC (P<0.01)"". Therefore, it

could be used as a valuable indicator of poor prognosis.
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Glypican-3

Glypican-3 (GPC3) is a heparan sulfate proteoglycan
anchored to the plasma membrane. It has been
demonstrated to interact with growth factors and modulate
their activities. The expression of GPC3 (at both mRNA
and protein levels) in the serum of HCC patients is
significantly higher than that in the serum of healthy adults
(P<0.001) or patients with nonmalignant hepatopathy
(P<0.01), and it can be detected in 40-53% of HCC
patients and 33% of HCC patients with seronegative
for both AFP and DCP""". Some clinical researches
have indicated that the simultaneous determination of
GPC3 and AFP could significantly increase the sensitivity
in the diagnosis of HCC"". Furthermore, it has been
shown that soluble GPC3 (sGPC3), the NH2-terminal
portion of GPC3, is superior to AFP in the sensitivity of
detecting well or moderately differentiated HCC, and the
simultaneous determination of both markers improves
overall sensitivity from 50% to 72%'"". Thus, it can be
seen that GPC3 could be a good supplementary to AFP in
the detection. Some other investigators have reported that
GPC3 mRNA is upregulated significantly in tumor tissues
of HCC compared to paraneoplastic tissues of HCC, liver
tissues of healthy adults and liver tissues of patients with
nonmalignant hepatopathy, thus it could also be a good
molecular marker for HCC"*"”?",

ENZYMES AND ISOENZYMES

Gamma-glutamyl transferase

Serum gamma-glutamyl transferase (GGT) in healthy
adults is mainly secreted by hepatic Kupffer cell and en-
dothelial cell of bile duct, and its activity increases obvi-
ously in tissues of HCC and fetal liver. Total GGT can be
divided into 13 isoenzymes (I, 1, II, II’, B, 8, ¢, @A,
VIIB, 9C, yA, yB) by using polymeracrylamide gradient gel
electrophoresis, and some of them (1, II, II”) can only
be detected in the serum of HCC patients. Sensitivities of
GGTII have been reported to be 74.0% in detecting HCC
and 43.8% in detecting small HCC™. Furthermore, the
simultaneous determination of GGTII, DCP, and AFP
can significantly improve the sensitivity over AFP alone™
It should be a valuable tumor marker in detecting small
HCC and a good supplementary to AFP in the diagnosis
of HCC.

Alpha-I-fucosidase

Alpha-l-fucosidase (AFU) is a sort of enzyme to hydrolyze
fucose glycosidic linkages of glycoprotein and glycolipids.
Its activity increases obviously in the serum of HCC
patients (1 418.62+575.76 nmol/mL per hour) compared
with that in the serum of healthy adults (504.18+121.88
nmol/mL per hour, P <0.05), patients with cirrhosis
(831.25+261.13 nmol/mL per hour), and patients with
chronic hepatitis (717.71 +205.86 nmol/mL per hour)**!,
It has been reported that the sensitivity and specificity of
AFU at the cut-off value of 870 nmol/(mL per h) are
81.7% and 70.7%, respectively, in contrast with 39.1% and
99.3% of AFP at the cut-off value of 400 ng/mL, and the
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simultaneous determination of both matkers can improve
the sensitivity to 82.6%”". This indicates that AFU could
serve as a valuable supplementary to AFP in the detection.
Furthermore, it has been indicated that HCC will develop
within a few years in 82% of patients with liver cirrhosis,
if their serum AFU activity exceeds 700 nmol/(mL per h),
and the activity of AFU is already elevated in 85% of
patients at least 6 months before the detection of HCC by
ultrasonography™. Thus, it can be seen that AFU could
be a good tumor marker in detecting HCC at the earlier
period.

Des-gamma-carboxyprothrombin

DCP, also known as a protein induced by vitamin K
absence or antagonist 1T (PIVKA-II), is an abnormal
product from liver carboxylation disturbance during the
formation of thrombogen, and acts as an autologous
mitogen for HCC cell lines!
concentration, which is not correlated to serum levels
of AFP, is obviously elevated in HCC patients compared
with that in healthy adults and patients with nonmalignant
hepatopathy[%’m. Though a few researches have an
opposite result™ serum and tissues DCP have been
proved to be more useful than AFP in differentiating
HCC from nonmalignant hepatopathy and in detecting
patients with small HCC***" Cui et al™ reported
that the sensitivity and specificity of serum DCP (at the
most commonly used cut-off value of 40 mAU/mL) in
discriminating HCC from cirrhosis were 51.7% and 86.7%,
respectively, which were much better than those of AP
at the cut-off value of 20 ng/mlL, and 36.84% of patients
with small HCC had serum DCP values above this level.
Marrero et al *" reported that the sensitivity and specificity
of serum DCP (at the cut-off value of 125 mAU/mL)
in discriminating HCC from nonmalignant hepatopathy
were 89% and 86.7%, respectively, which were much better
than those of AFP at the cut-off value of 11 ng/mL.
Furthermore, the simultaneous determination of DCP
and other tumor markers, such as AFP and AFP-L3,
may have a greater accuracy than the determination of
each of them alone™". It has been reported that the
electrochemiluminescence enables measurement of low-
concentration of DCP (high-sensitive DCP) in the serum,
and the simultaneous determination of high-sensitive DCP
(at the cut-off value of 40 mAU/mL), AFP (at the cut -off
value of 20 ng/mlL), and AFP-L3 (at the cut -off value
of 10%) gives the highest accuracy (sensitivity of 82.1%,
specificity of 82.4%, and accuracy of 82.2%)"”. Besides
the purpose of screening HCC, serum DCP could also
be used as a clinicopathological or prognostic indicator
for HCC patients, and may be more useful than AFP in
reflecting the invasive characteristics of HCCP™. 1t has
been reported that patients with DCP seropositive and
AFP seronegative have a higher frequency of HCC with a

distinct margin, large nodule more than 3 cm, few nodules,
33,34

I Tts mean serum

and moderately to poorly differentiation™ . Moreover,
the simultaneous determination of serum DCP levels and
tissue DCP expression is more valuable than either factor
alone in predicting the prognosis of HCC patientsm.

GENES

Alpha-fetoprotein mRNA

Though a few researches have an opposite result™, HCC
cells spread into blood circulation and become the source
of recurrence after operation, which may be the primary
reason for the unsatisfactory long-term survival after
surgery, and the presence of circulating HCC cells may
be indicative of metastasis if AFP mRNA is detected in
peripheral blood™. A large number of clinical researches
have indicated that serum AFP mRNA detected by
reverse-transcription polymerase chain reaction (RT-
PCR) may be a valuable indicator of poor prognosis for
HCC patients, and its expression is correlated with portal
thrombosis, nodules of tumor, tumor diameter, and TNM
stage (P<0.05)""*. The recurrence-free interval of HCC
patients with postoperative serum AFP mRNA positivity
has been reported to be significantly shorter than that
of HCC patients with postoperative negativity (53% s
88% at 1 year, 37% us 60% at 2 years, P=0.014)", and
the recurrence-free survival rates of HCC patients with
postoperative serum AFP mRNA positivity have been
reported to be significantly lower than those of HCC
patients with preoperative positivity (52.6% »s 81.8% at
1 year, 15.6% vs 54.5% at 2 years, and 0% »s 29.2% at 3
years, P<0.001)". From the result of meta-analysis, the
expression of AFP mRNA one week after surgery has
also been showed to be correlated with the recurrence
of HCC". Moreover, the simultaneous determination
of AFP mRNA and melanoma antigen gene (MAGE-1)
mRNA may have a higher sensitivity and specificity*".

Gamma-glutamyl transferase mRNA

GGT mRNA can be detected in the serum and liver tissues
of healthy adults or patients with HCC, nonmalignant
hepatopathy, hepatic benign tumor, and secondary
carcinoma of liver. It can be divided into three types: fetal
liver (type A), HepG2 cells (type B), and placenta (type
C). Type A is predominant in normal liver tissues or liver
tissues with nonmalignant hepatopathy, benign tumor, and
secondary carcinoma (P<0.05). On the contrary, type B is
predominant in cancerous tissues of HCC (P<0.05)"",
During the development of HCC, the expression of GGT
mRNA in liver tissues may shift from type A to type B
It has been indicated that HCC patients with positive type
B would have a worse outcome, earlier recurrence, and
more post-recurrence death (P=0.0107)". Therefore, the
expression of tissues type B may be a valuable indicator
of poor prognosis for HCC patients. The same as in liver
tissues, the serum levels of type B have also been reported
to be significantly higher in HCC patients than in healthy
adults (P<0.05)"", Therefore, serum type B may be an
available supplementary to AFP in the diagnosis of HCC.

Human telomerase reverse transcriptase mRNA

Human telomerase reverse transcriptase (WTERT) mRNA
has been reported to be detectable in the serum of
patients with breast cancer. Furthermore, it has also been
demonstrated to be a novel and available matrker for HCC
diagnosis. The expression of hTERT mRNA in the serum
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of HCC patients is significantly higher than that in the
serum of healthy adults or patients with nonmalignant
hepatopathy™”*!! and the use of newly developed real-time
quantitative reverse transcription polymerase chain reaction
may improve the effectiveness of determination”. Tt
has been reported that the sensitivity and specificity of
hTERT mRNA in detecting HCC are 88.2% and 70.0%,
respectively, which excel those of conventional tumor
markers, such as AFP mRNA, AFP and DCP™. Moteover,
it has been indicated that the expression of serum hTERT
mRNA, which is associated with the serum concentration
of AFP, tumor size, and tumor differentiation degree
(P<0.001, each), may be a valuable indicator of poor
prognosis for HCC patients™ ",

There are some other markers in this category, which
could be used as diagnostic or prognostic indicators
for HCC. It has been reported that the simultaneous
determination of p53 antigen and anti-p53 antibodies has
a sensitivity of 41.1% in the diagnosis of HCCP”, and
the over-expression of p53 in the serum or liver tissues
of HCC patients prefigures the poorer prognosis and
a shorter survival time (P=0.0014)"*"", HCC patients
with positive MAGE-1 or MAGE-3 mRNA die eatlier
because of metastasis or recurrence”’. The sensitivity
and specificity of serum human cervical cancer oncogene
(HCCR) at the cut-off value of 15 pg/mL in detecting
HCC are 78.2% and 95.7%, respectively. Moreover, its
sensitivities could achieve 76.9% in detecting HCC patients
with seronegative for AFP and 69.2% in detecting HCC
patients with tumor size less than 2 cm®™,

CYTOKINES

Vascular endothelial growth factor

Vascular endothelial growth factor (VEGF) is a secreted
homodimeric cytokine that positively regulates tumor
neovascularization™. Recent researches have suggested
that angiogenesis is essential in tumor growth and
progression, including that of HCC, which are typically
characterized by a high level of vascularization™ . Tn
fact, it has been shown that the expressions of VEGF in
cancerous tissues of HCC and HCC with microscopic
venous invasion are significantly higher than that in normal
liver tissues and HCC without microscopic venous invasion
(P<0.05), and HCC patients with over-expression of
VEGEF have a lower survival rate (P<0.05)""**, Platelets
have been reported to act as transporters of tumot-
originated VEGF. It has been indicated that serum VEGF
per platelet count, as an indirect theoretical estimate of
VEGEF in platelets, in HCC patients is significantly higher
than that in healthy adults and patients with nonmalignant
hepatopathy (P<0.01), and the high serum VEGF per
platelet count (>1.4 pg/lO(’) is associated with advanced
stage of HCC, portal vein thrombosis, poor response
to treatment, and shorter overall survival (P<0.01)!",
Therefore, it may be an available diagnostic or prognostic
indicator for HCC.

Interleukin- 8

Interleukin-8 (IL-8) is a multifunctional CXC chemokine
that affects human neutrophil functions, including
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chemotaxis, enzyme release, and expression of surface
adhesion molecules. It has direct effects on tumor and
vascular endothelial cell proliferation, angiogenesis, and
tumor migration. Recent researches have indicated that
I1.-8 regulates tumor cell growth and metastasis in liver™.
It has been reported that the preoperative serum IL-8
levels in HCC patients are significantly elevated compared
with those in healthy adults (17.6 pg/mL »s 1.0 pg/mL,
P=0.0406), and its high serum levels correlate with a large
tumor size (>5 cm), absence of tumor capsule, presence
of venous invasion, advanced pathological tumor-node-
metastasis stage, and a poorer disease-free survival®’,
Therefore, it may be an available diagnostic or prognostic
indicator for HCC.

Transforming growth factor-beta 1

Transforming growth factor-betal (TGF-B1) is a
negative growth factor which correlates with cellular
immunosuppression during the progression of HCC,
and its serum levels in HCC patients have been shown
to be obviously elevated compared with those in healthy
adults and patients with nonmalignant hepatopathy
(P<0.0001)*" At the cut-off value of 800 pg/mL., the
specificity of serum TGF-81 in detecting HCC has been
reported to be over 95% which is similar to AFP at the
cut-off value of 200 ng/ml, but the sensitivity of serum
TGF-B1 is 68% which excels AFP with the sensitivity of
24% Moreover, the elevated serum TGF-81 can be
detected in 23% of HCC patients with normal serum AFP
values™. These researches have indicated that TGF-81 may
be a good supplementary to AFP in the diagnosis of HCC.

Tumor-specific growth factor
Malignant tumor can release tumor-specific growth factor
(TSGF), which results in blood capillary amplification
surrounding the tumor, into peripheral blood during its
growing period. Therefore, the serum levels of TSGF can
reflect the existence of tumor. It has been indicated that
TSGF can be used as a diagnostic marker in detecting
HCC, and its sensitivity can reach 82 % at the cut-off
value of 62 U/ran. Furthermore, the simultaneous
determination of TSGF and other tumor markers has been
shown to give a higher accuracy. It has been reported that
the simultaneous determinations of TSGEF, AFP, CEA,
TSA, and serum ferritin have a sensitivity of 97.5%"™ and
the simultaneous determinations of TSGF (at the cut-off
value of 65 U/mL), AFP (at the cut-off value of 25 ng/
mL) and serum ferritin (at the cut-off value of 240 pg/
mL) have a sensitivity of 98.4% and specificity of 99 o,
There are some other markers, which could be used
as diagnostic or prognostic indicators for HCC, in this
category. It has been reported that the determination of
serum insulin-like growth factor-II IGF-II) (at the cut-off
value of 4.1 mg/g, prealbumin) has a sensitivity of 63%,
specificity of 90%, and accuracy of 70% in the diagnosis
of small HCC. Moreover, the simultaneous determination
of IGF-1II and AFP (at the cut-off value of 50 ng/mlL)
can improve the sensitivity to 80% and accuracy to 882%™,
The over-expression of granulin-epithelin precursor (GEP)
in cancerous tissues of HCC is associated with venous
infiltration and eatly intrahepatic recurrence (P<0.05) ™,
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CONCLUSION

Serum AFP is the most widely studied screening test for
detecting HCC. The normal range for serum AFP levels is
10-20 ng/mL and a level >400 ng/mL is usually regarded
as diagnostic. Furthermore, some reports have indicated
that the high serum concentration of AFP correlates
with the poor prognosis of HCC patients. However, two
thirds of HCC patients with the nodule less than 4 cm
have serum AFP levels less than 200 ng/mL and up to
20% HCC patients do not produce AFP". Moreover,
it has limited utility of differentiating HCC from benign
hepatic disorders for the high false-positive and false-
negative rates. Serum AFP-L3 and DCP are also widely
used as tumor markers for HCC, and have been indicated
to be more valuable than AFP in differentiating HCC from
nonmalignant hepatopathy, detecting small HCC, and
predicting the prognosis. Considering the large population
with cirrhosis and chronic hepatitis in our country,
AFP-1.3 and DCP may be more useful than AFP in the
diagnosis of HCC. hTERT mRNA and HCCR have been
shown to have a higher accuracy than AFP in detecting
HCC, but there are not enough researches to manifest
their superiority. Therefore, they may not be the first
choice in the detection of HCC. IGF-II has been reported
to be more valuable than AFP in the diagnosis of small
HCC, however, more studies are needed to demonstrate
its superiority. There are some serum markers, such as
GPC3, GGT II, AFU, TGF-B1, and TSGF, that have
been indicated to be available supplementaries to AFP
and DCP in the detection of HCC, and some of them
even can be detected in HCC patients with seronegative
for both AFP and DCP, the simultaneous determination
of these markers may improve the accuracy. Serum AFP
mRNA, which has been shown to be correlated with
the metastasis and recurrence of HCC, may be the most
useful marker to prefigure the prognosis of HCC patients.
Some other markers, such as p53, MAGE-1, MAGE-3,
GGT mRNA, VEGF, GEP, and I1.-8, have also been
indicated to be able to serve as prognostic indicators of
HCC patients, the simultaneous determination of AFP
and these markers may discover the recurrence of HCC at
catlier period. In addition, there are some tumor markers,
such as CYFRA 21-1" activin-A" and proliferating cell
nuclear antigen™""™, which do not belong to each of the
categories above, but they can also be used as prognostic
or screening indicators for HCC patients, especially when
combined with AFP.

In a word, AFP, AFP-1.3 and DCP atre the most useful
serum tumor markers for the detection of HCC, and
the simultaneous determination of these markers could
improve the accuracy, especially in differentiating HCC
from nonmalignant hepatopathy. Other tumor markers,
which have been mentioned in our review, could be used as
supplementaries to AFP and DCP in the diagnosis of HCC,
but each of them has no satisfactory accuracy in detecting
HCC or prefiguring the prognosis when used alone.
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