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ABSTRACT
Hepatocellular carcinoma (HCC) cancer is a lethal cancer and early diagnosis of HCC is very important for improving the
survival rate of patients. Measurement of Alfa-Fetoprotein (AFP) in combination with iconography and liver biopsy are
commonly used in the diagnosis of liver cancer as well as HCC. Despite the wide use of AFP in HCC diagnosis and
introducing this tumor marker as the gold standard biomarker for HCC detection, the specificity and sensitivity of AFP used
in screening for HCC is very controversial. In recent years, along with development of molecular biology and extensive
research about ethnology of cancers and simultaneously advances in technology, researchers identified new tumor markers
in this disease. In the latest researches various biomarkers including embryonic antigen, protein antigens, cytokines,
enzymes and isoenzymes and related genes for effective early diagnosis and monitoring of hepatocellular carcinoma are
introduced. In this review, a summary of the data of various studies that discuss new tumor markers involved in
hepatocellular carcinoma and classification of these biomarkers was investigated.
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1. INTRODUCTION

H

epatocellular carcinoma (HCC) is a major health
problem around the world and the fifth cause of
cancer-related deaths (1, 2). According to the
World Health Organization (WHO) reports, HCC involved
about one million people annually. Hepatitis B virus
(HBV) infection, hepatitis C virus (HCV) infection in 70–
95% of HCC patients and chronic necro-inflammatory
hepatic disease (cirrhosis liver ) in 60–80% of patient are
the most important Hepatocellular Carcinoma (HCC) risk
factors (3, 4). HCC is mostly diagnosed after the disease
progresses, when survival rates are low. Diagnosis of HCC
is commonly done using the serum marker AlfaFetoprotein (AFP) in combination with ultrasonography.
Various other serologic markers are being tested to help

improve the accuracy of the diagnosis. Then, when the
diagnosis of HCC remains unclear, confirmation by liver
biopsy can be performed. One of the most important issues
for improving the survival rate for HCC patients is early
diagnosis. Sensitivity and specificity of serum level of
HCC biomarkers and their clinical application have been
summarized in

Table 1
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Table 1. Serum level of biomarkers for HCC (sensitivity, specificity and clinical application)

Biomarker

Serum level

Sensitivity%

Specificity%

Clinical Application

Embryonic Antigen

AFP

Up regulation

41.0-65.0%

80.0-94.0%

Early diagnosis

Up regulation

77%

96%

Early diagnosis

GPC3

Protein antigen

HSP

Up regulation

57.5 %

85.0 %

Prognosis

SCCA

Up regulation

84%

46%

Early diagnosis

GP73

Up regulation

76.9%

-

Diagnosis

Enzyme and isoenzymes

DCP

Up regulation

-

-

-

GGT

Up regulation

43.8%

-

Diagnosis

AFU

Up regulation

90%

97.5%

Diagnosis

hCBR2

-

-

-

-

GOLPH2/GP73/GOLM1

-

-

-

-

Cytokine

TGF-β1

Up regulation

89.5 %

94%

Prognosis

VEGF

Up regulation

-

-

Recurrence and prognosis

Growth factors and their receptors

TSGF

Up regulation

82%

-

-

EGFR

-

-

-

-

FGF

-

-

-

-

Molecular biomarker

AFP mRNA

Upregulation

-

-

Recurrence and prognosis

GGT mRNA

Upregulation

-

-

-

IGF-II mRNA

Upregulation

-

-

-

Albumin MRNA

Upregulation

-

-

-

miR-21

Upregulation

87.3%

92%

Diagnosis

miR-500

Downregulation

-

-

Prognosis

miR-122

Downregulation

-

-

Prognosis

miR-29

Downregulation

-

-

Prognosis

HCC, hepatocellular carcinoma; AFP, α-fetoprotein; HSP,
heat shock proteins; GPC3, Glypican-3; SCCA, squamous
cell carcinoma antigen; GGT; γ-glutamyl transferase; AFU,
α-l-fucosidase; TGF-β1, transforming growth factor-β1;
VEGF, endothelial growth factor; miR, miRNA. Tumor
markers are measurable biochemical glycoproteins that

have been associated with malignant tumor. Tumor
biomarkers are made by the body in response to neoplasm
conditions. These soluble molecules can be found in the
blood or urine when cancer is present. Most tumor markers
are proteins and glycoproteins and can serve as a useful
measurement tool to diagnose various types of cancer as
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well as to guide more specific treatment (6). Researches
are continuously checking the clinical significance of
tumor markers. Multitude of diseases, mainly various types
of cancer, can be detected better by the use of tumor
biomarkers. Hepatocellular carcinoma (HCC) is one such
cancer that can use diagnostic, therapeutic, and prognostic
tumor markers (7). Findings of a previous study suggested
that to prolong the lifetime of (HCC) patients, early
diagnosis of HCC and effective treatment is crucial.

According to these findings, showing new high sensitivity
and specificity tumor markers for HCC are one of the
important challenges (8). In this paper, a summary of the
main data available from published papers about new
tumor markers involved in hepatocellular carcinoma was
investigated. Classification of HCC tumor markers are
schematically shown in Figure 1.

Figure 1. Hepatocellular carcinoma tumor markers

2. Embryonic Antigen
2.1. Alpha-Fetoprotein (AFP)
The first serologic test for detection and clinical follow-up
of patients with hepatocellular carcinoma was alphafetoprotein (AFP) which has been considered as the gold
standard tumor marker for HCC (9). AFP is a glycoprotein
produced by the fetal liver and yolk sac during pregnancy.
AFP Serum levels are significantly increased in HCC, but
this is not often the case (10). Additionally, AFP elevation
has also been demonstrated in patient with the acute and
chronic viral hepatitis (HBV) and HCV as well as in
patients with chronic necro-inflammatory hepatic diseases
such as cirrhosis. Since AFP increase occurs in many
diseases, it is necessary to assess diagnostic value of serum
concentrations of AFP. Consistently elevated serum AFP
levels greater than 400 ng/mL are indicative of HCC.
Lower serum concentrations often exist temporarily in
benign liver disease. If a patient has known risk factors for
HCC, such as the cirrhosis, increasing levels of AFP have
been demonstrated to correlate with the progression of
HCC (11). It should be noted that, AFP serum
concentrations do not correlate with the prognostic values

of HCC such as stage, tumor size or disease progression
and ethnicity. In addition, in some cases of HCC, increase
of AFP is not clear at all. Findings of a previous clinical
study indicated that serum AFP had a sensitivity of 4165% and specificity of 80-94% when the cut-off value is
20 ng/ml (12). Development and applications of biological
chemistry have determined that total AFP can be divided
into three different glycoforms (AFP-L1, AFP-L2 and
AFP-L3 according to their binding ability to the lectin lens
agglutinin (LCA). High percentage of AFP-L3 has been
demonstrated to be associated with pathologically
malignant characteristics, worse liver function, larger
tumor mass and poor survival in HCC patient (13). AFPL1 is non-LCA-bound and exists in various benign liver
diseases such as cirrhosis. AFP-L3 is an LCA-bound that is
detected in the serum of patients with HCC at a cut-off
value of 15%. The serum level of AFP-L3 has a sensitivity
and specificity of 96.9 and 92%, respectively, in diagnosis
of HCC (14). AFP-L3, as compared with AFP, has better
sensitivity and specificity for the early diagnosis of HCC.
Leerapun A et al. have demonstrated that the diagnostic
specificity of AFP-L3 for early diagnosis of HCC reaches
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100% when HCC patients have a cut-off value of AFP-L3
35% and serum AFP 10-200 ng/ml (15). In the early
diagnosis of HCC at stage I or when the tumor size was <2
cm, AFP-L3 that was measured by using the μTAS method,
was showed with high sensitivity (42.5 and 46.0%,
respectively). Furthermore, Kobayashi M et al. have
indicated that when the cut-off value of AFP-L3 is 5%,
sensitivity for HCC reaches 47.2% compared with AFP
that is 38% (16). In general, it can be concluded from the
research results that AFP-L3 seems to be a useful marker
for early diagnosis of HCC compared with AFP alone.
2.2. Glypican-3 (GPC3)
GPC3 is a membrane-anchored heparin sulfate
proteoglycan that is linked to the cell membrane by a
glycosyl-phosphatidylinositol (GPI) anchor (17) .GPC3
has been shown to interact with growth factors and
modulate their activities. In addition, GPC3 is involved in
the cellular process of regulating cell growth, development,
differentiation and migration. Soluble GPC3, which lacks
GPI, controls the growth of HCC by removing several
growth factors such as Wnts, hepatocyte growth factor
(HGF) and vascular endothelial growth factor (VEGF)
from the surface of HCC cells in vitro and in vivo (18).
GPC3 promotes the growth of HCC by stimulating Wnt
signaling (19).expression of GPC3 (at both mRNA and
protein levels) in the serum of HCC patients was higher
than that in the serum of healthy adults or patients with
benign disease. Furthermore, correlation between GPC3
expression (at both mRNA and protein levels) and tumor
stage, size and AFP level has not been reported. Shirakawa
H et al. indicated that serum level of GPC3 had a
sensitivity of 77% and specificity of 96% (20). Also, the
previous researches have demonstrated that GPC3 is found
in 40–53% of HCC patients and 33% of HCC patients
seronegative
for
both
AFP
and
Des-gamma
carboxyprothrombin (DCP) (21, 22). Recently, Shirakawa
et al. have shown that survival rate between the GPC3positive and GPC3-negative HCC patients was different.
Patient with GPC3 positivity were associated with poor
prognosis. So it can be said GPC3 has been indicated to be
an independent prognostic factor for the overall survival
(23). According to results from recent research GPC3 is a
potential marker for HCC diagnosis.

3. Proteantigen
3.1. Heat shock protein (HSP)
Heat shock protein (HSP) is a highly conserved stress
response protein that is expressed under stress conditions,
including carcinogenesis and inflammation (24, 25). HSP
is also a group of proteins that play a major role in the
folding of cellular proteins (26). Furthermore, HSPs
promote carcinogenesis through inhibiting the pathways of
tumor suppression, in more advanced stage (27).
Especially Hsp27 and Hsp70 have showed stronger
features of carcinogenesis by inhibiting apoptosis and
senescence and can cause treatment-resistant and facilitate

metastasis. Luk, J et al. have demonstrated overexpression
of HSP70 and HSP27 in HCC tissues and in the
microenvironment of HCC that can increase tumor growth
and metastasis (28). However, HSP70 induced tumor cell
growth by stabilizing cyclin D1 and inhibited the apoptosis
of tumor cells by suppressing the p53 signaling pathway
(29). The stained intensity of HSP70 was positively
associated with tumor size and tumor stage. In addition
HSP27expression only correlated with HCC infected by
hepatitis B virus (HBV). The sensitivity and specificity of
HSP70 in diagnosis of of HCC were found to be 57.5 and
85%, respectively (30). In another research Shin E et al.
have shown HSP70 expression is detected in 282 of 392
HCC cases (71.9%), while only 14 of 115 non-neoplastic
liver tissues expressed HSP70 (P<0.001) (5). Overall,
HSP70 and HSP27 are potential bio markers for HCC.
Furthermore, HSP70 can be an indicator of poor prognosis
for HCC.
3.2. Squamous cell carcinoma antigen (SCCA)
SCCA is a serine protease inhibitor expressed in epithelial
tumors and protects tumor cells from apoptosis. Guido M
et al. showed that the expression of SCCA increased in the
early stages of HCC (31). The sensitivity and specificity of
SCCA in detecting HCC were found to be 84% and 46%
respectively (32). Zhou, L et al. have reported that SCCA
is an important diagnostic marker’s supplement for the
diagnosis of HCC because SCCA, unlike AFP, has high
sensitivity and low specificity (33). In another study
Beneduce, L et al. have suggested that SCCA-IgM immune
complex, a circulating immune complex composed of
SCCA and IgM, is detectable in the sera of chronic
hepatitis, cirrhosis and HCC compared with the healthy
control population. (34). In previous studies the results
have shown that SCCA-IgM IC can be a novel potential
serum marker for HCC and combination of SCCA-IgM IC
and AFP can improve the diagnostic rate of HCC.
3.3. Golgi protein 73 (GP73)
GP73 (also known as Golph2 and GOLM1) is a protein
that is considered as a member of the type II Golgi-specific
membrane protein (35). GP73 is overexpression in various
types of cancer. Ito Y et al. have demonstrated that the
serum GP73 is increased in primary hepatic carcinoma
(PHC and is intimately correlated with liver diseases,
especially HCC) and GP73 expression can be a potential
factor in many hepatic diseases (36). On the other hand,
Riener M et al. have reported that GP73 is expressed by
normal biliary epithelial cells and hepatocytes do not
express GP73 and it can have higher specificity of HCC
diagnosis (37). Zhou Y et al. have investigated the
sensitivity of HCC diagnosis compared with AFP and their
results have showed that sensitivity of GP73 was 76.9%
that was significantly increased compared with AFP
(48.6%), suggesting GP73 is effective serum biomarker in
detecting of HCC (38, 39). In general, it is important that
correlation between GP73 and tumor size, stage,
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recurrence and prognosis of HCC remains to be clarified,
Thus, role of GP73 in the diagnosis remains to be
extensively investigated (38-40).
3.4. Tumor-associated glycoprotein 72 (TAG-72)
TAG-72 is a glycoprotein complex that is found on the
surface of cancer cells and overexpressed in the majority of
human adenocarcinoma including gastric, colon and
pancreatic cancer whereas it is lightly expressed in normal
tissue (41). In recent study, Milenic, D.E et al. have
reported that the expression of TAG-72 is increased in
HCC tissues compared with normal liver tissues and over
expression of TAG-72 is associated with promoting of
tumor invasion and metastasis and poor survival. Therefore
TAG-72 can be a potential prognostic marker for HCC,
(42). Also, Louhimo J et al. have found that anti-TAG-72
monoclonal antibody can be used for the clinical detection
of tumors and can be measured with radioimmunoassay.
Furthermore this tumor marker has an appropriate
specificity for identification of relapses of gastric cancer
and in the follow up of the treatment (43, 44). On the other
hand Ucar, E et al. have proven that TAG-72 is the target
of the anti-cancer drugs anatumomab mafenatox and
minretumomab (45). Thus, based on the results of previous
research it can be concluded TAG-72 is a potential
prognostic marker for HCC and this has various clinical
implications in both diagnosis and treatment of cancers,
particularly HCC.
3.5. Zinc-α2-glycoprotein (ZAG)
ZAG is a member of the class Ι major histocompatibility
complex (MHC-Ι) family and may have a role in the
induction of the immune response (46). This protein plays
many important functions in the human body including
fertilization and lipid mobilization and several unrelated
functions such as RNase activity, regulation of melanin
production, hindering tumor proliferation, and transporting
of nephritic by-products but still, it is considered as a
protein with an unknown function (46, 47). Wang, F et al.
have demonstrated that ZAG is a soluble glycoprotein and
up regulated in several types of cancer such as breast, lung
and prostate cancers and HCC and it can be considered as a
novel candidate biomarker for these cancer types (48); But
it can be said, the function of the ZAG under physiologic
and cancerous conditions, especially HCC, needs to be
investigation more.

4. Enzymes and Isozymes
4.1. Des-γ-carboxyprothrombin (DCP)
DCP is an abnormal protein produced by the malignant
hepatocyte. The expression of DCP induced by the absence
of vitamin K. In fact, it is the process of malignant
transformation in the liver cells associated with insufficient
reaction of γ-glutamyl carboxylation that causes the
production of DCP. Extensive researches by Marrero, J.A
et al. have showed that the level of DCP in the serum of
patients with HCC is higher than that in patients with

chronic hepatitis and cirrhosis. The serum level 0.1
AU/mL (100 ng/mL) on ELISA is considered in HCC or
tumor recurrence and finally study results concluded that a
DCP value of 125 mAU/mL is the best sensitivity and
specificity for distinguishing patients with HCC from those
with cirrhosis (49). On the other hand, Mracek T et al.
have reported that normal level of DCP is correlated well
with successful tumor resection and it appears that DCP
can be a potential marker of tumor activity in HCC (50).
Also, recent studies that were conducted by Zhao, Y J
proved that the combined detection of DCP and AFP can
improve the diagnostic sensitivity and can be used to
predict recurrence of HCC (5). Eventually, it is important
to note that Yamamoto K et al. have been concluded that
the level of DCP is profoundly associated with a larger
tumor and vascular invasion and serves as a more specific
tumor biomarker compared with AFP and AFP-L3 (51).
4.2. γ-glutamyl transferase (GGT)
GGT is a plasma membrane-bound enzyme that is
synthesized in the microtomes of human cells (52, 53). The
GGT expression is increased in embryo livers and is
decreased after birth; The GGT assay is used to help detect
liver disease and bile duct obstructions (54). It is usually
recommended along with other liver tests such as ALT,
AST, ALP, and bilirubin. In general, an increased GGT
level indicates the dysfunction of liver. Yao D.F et al. have
reported that serum gamma-glutamyl transferase (GGT) in
healthy adults was definitely produced by hepatic Kupffer
cell and endothelial cell of bile duct (55). In another study,
Cui R et al. have showed that cholestasis, inflammation
and development of HCC can increase the level of serum
GGT to a moderate or high degree, thus GGT may serve as
a potential biomarker for HCC (56). The sensitivity of
GGT to detect small HCC is 43.8%. Study results by
Wang C S et al. have demonstrated that determination of
GGT, DCP and AFP simultaneously can improve the
accuracy rate of diagnosis of HCC (56, 57).
4.3. α-l-fucosidase (AFU)
AFU is a lysosomal enzyme found in human cells, blood
and body fluid, with a function to hydrolyze fucose
glycosidic linkages of glycoprotein and glycolipids (58).
AFU activity in the serum of healthy adults is low whereas
AFU activity in the serum of HCC patients increases (59).
Montaser, M. et al. have reported that the sensitivity,
specificity and diagnostic accuracy of AFU at the cut-off
value of 2.3005 μmol/l/min were 90, 97.5 and 94.9%,
respectively. In general, from results of various studies it
can be concluded that AFU measurement is useful in
association with AFP. Also, the combined detection of
AFP and AFU can be useful in early diagnosis of HCC and
can serve as an excellent supplementary to AFP. However,
the clinical value of AFU remains to be clarified because
of the poor specificity of AFU and overexpression in
diabetes, pancreatitis and hypothyroidism patients (60, 61).
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4.4. Human Carbonyl Reductase 2
HCR2 is expressed in the human liver and kidney and its
main function is detoxification of the reactive alphadicarbonyl compounds and reactivating oxygen species
deriving from oxidative stress. Liu S et al. have reported
that the human carbonyl reductase 2 levels are inversely
associated with the pathological grading of HCC (62).
However more researches are needed to determine the role
of this enzyme in HCC.

4.5. Golgi Phosphoprotein 2
(GOLPH2/GP73/GOLM1), a type-II Golgi transmembrane
protein, is up-regulated in various cancer types. Its Golgi
luminal domain is the major functional domain (GOLPH2).
Marrero, J.A et al. have shown higher sensitivity of
GOLPH2 than AFP in the diagnosis of HCC (63). A recent
study conducted by Riener, M.O et al. has demonstrated
that GOLPH2 protein was significantly expressed in
tissues of HCC (71%) and bile duct carcinoma (85%)
patients (37). According to the results this enzyme can be
new tumor marker for detecting of HCC is considerable.

5. Cytokines
5.1. Transforming growth factor-β1 (TGF-β1)
TGF-β1 is a pluripotent growth factor belonging to a
superfamily of polypeptide signaling molecules involved
in the regulation of cell proliferation, differentiation,
embryo formation, angiogenesis, and immune functions
(64-66). It is significantly produced in tumor cells, inhibits
the proliferation of tumor specific cytotoxic T lymphocytes
(CTL) and NK cells and stimulates the growth of tumor
cells (67). Giannelli G et al. have reported that the serum
level of TGF-β1 increased in HCC patients compared with
healthy adults or patients with non-malignant liver disease
TGF-β1 and TGF-β1 mRNA may serve as sensitive
indicators to detect HCC which is induced by HBV, with
the sensitivity and specificity of 89.5 and 94.0%
respectively; also the polymorphism of TGF-β1 expression
can improve susceptibility to tumor formation (68). In
recent years researchers have considered TGF-β1 signaling
pathway as a tumor therapeutic target (69). Dituri F et al.
have reported that TGF-β1 is inversely associated with Ecadherin but correlated with VEGF in HCC (70). In
general, according to the role of TGF- β1 in cancer cell
microenvironment, angiogenesis and cell proliferation it
can be said that this cytokine can be considered in next
researches.
5.2. Vascular endothelial growth factor (VEGF)
VEGF is a signal protein expressed by cells that stimulates
vasculogenesis and angiogenesis. In addition vascular
endothelial growth factor (VEGF) is has a special role in
angiogenesis by promoting new vessel formation and
inducing tumor invasion and metastasis. Also
overexpression of VEGF has been shown in various

malignancy condition (71). Xiang Z. L. et al. have reported
that expression of VEGF is strongly high in HCC patients
vs. healthy people. Furthermore, expression of VEGF is
correlated with tumor recurrence and poor prognosis and
survival. Thus, the overexpression of VEGF can serve as a
biologic tumor marker in predicting poor prognosis and
survival in HCC patients (72).

6. Growth Factors and Their Receptors
6.1. Tumor- Specific Growth Factor (T S G F)
Tumor specific growth factor (TSGF) is a factor that helps
in inducing the growth of tumor blood vessels similar to
VEGF. Liang YR, et al. have demonstrated that TSGF
significantly correlates with hyperplasia of tumor tissue
and microenvironment capillary vessels whereas similar
correlation has not been shown between TSGF and
hyperplasia of non-tumor blood vessels (73). Researches
extensively indicated the high sensitivity of TSGF for
detection of neoplasm condition. TSGF secretes into
peripheral blood by malignant tumors during their growing
period (74). Lawicki S et al. have reported that serum
levels of TSGF can indicate the existence of tumor,
therefore, TSGF can be used as a diagnostic marker in
diagnosis of various cancer type such as HCC (75). In
another research KornW.M. showed that the sensitivity of
TSGF at the cut-off value of 62 U/mL was 82%. The
simultaneous determination 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 ng/mL) can
provide a sensitivity and specificity of 98.4% and 99%,
respectively for detecting of HCC (76). Finally, it can be
concluded from previous studies that TSGF along with
other markers such as AFP and ferritin may show better
sensitivity and specificity for diagnosis of HCC.
6.2. Epidermal Growth Factor Receptor Family (EGFR)
EGFR is the cell-surface receptor tyrosine kinases, a
members of the epidermal growth factor family (EGFfamily), that has a major role in regulating cell
proliferation and consists of four related transmembrane
tyrosine kinase receptors: EGFR (erbB-1), c-erb-2 (Her2/neu), c-erb-3 (HER-3), and c-erb-4 (HER-4) (77). Osada
S et al. have indicated that high levels of EGFR expression
are closely correlated with early recurrence and poor
prognosis following resection of hepatocellular carcinoma.
On the other hand, also hepatocyte growth factor/scatter
factor (HGF/SF) is a growth factor that induces embryonic
development and liver regeneration. Mechanisms of
hepatocarcinogenesis of HGF are via paracrine system that
induces its cellular receptor, c-met and high c-met
expression. Osada S et al. also reported that HGF/SF is
involved in invasive-type HCC and is associated with
metastasis (78).
6.3. Fibroblast Growth Factor (FGF)
Fibroblast growth factors (FGFs) and their receptors play
essential roles in regulate many function of cell such as
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regulating cellular proliferation, survival, migration and
differentiation. There is extensive evidence for the
importance of FGF signaling in the pathogenesis of various
type of malignancy. On the other hand, the result of current
researches showed that FGF is a heparin-binding
polypeptide and can induce an especial mitogenic effect on
endothelial cells. Poon, R.T.-P., et al. have demonstrated
that serum levels above the median of >10.8 pg/mL can
decrease disease-free survival in HCC patients (79). Also
another study conducted by Day, A.A et al. have reported
that targeted therapy lenalidomide that inhibits fibroblast
growth factor (FGF) is useful for HCC patients (79, 80).

7. Molecular Biomarkers
7.1. Circulating Nucleic Acids: mRNAs
The analysis of circulating nucleic acids in plasma is
suggested for noninvasive monitoring of a variety of
physiological and pathologic conditions and it provide a
valuable approach for development of pathology-related
markers (81-83).
7.2. AFP mRNA
AFP mRNA is a potential bio marker for active HCC cell.
AFP mRNA could be used as a significant marker for
spreading of HCC in blood. Chan, A.K., et al. have
reported that in liver cancer, AFP mRNA expression is
higher than healthy control (84). Since AFP is a gold
standard tumor marker for detection of HCC, it can be
concluded AFP mRNA effectively predicts tumor
recurrence and metastasis following surgery of HCC
patients.
7.3. Gamma - Glutamyl Transferase mRNA (GGT mRNA)
Sheen, I.S et al. have indicated that GGT mRNA can be
found in the serum and liver tissues of healthy adults,
patients with liver disease, benign liver tumor, HCC, and
secondary tumors of the liver. Presence of type B GGT
mRNA in cancerous tissue was significantly associated
with high serum level of AFP and poor survival in HCC
(33, 85).
7.4. Insulin-Like Growth Factor II (IGF-II) mRNA
Expression of IGF-II mRNA can be a valuable tumor
marker for diagnosis, metastasis, and following
postoperative recurrence in HCC. Himoto T et al. have
reported that the assay of serum insulin-like growth factorII (IGF-II) (at the cut-off value of 4.1 mg/g, prealbumin)
has sensitivity of 63%, specificity of 90%, and accuracy of
70% in the detection of HCC patients. In another research
Tsai J et al. showed that IGF-II’s m-RNA is a
supplementary tumor biomarker to AFP for detecting of
HCC. The simultaneous assay of IGF-II m-RNA and AFP
(at the cutoff value of 50 ng/mL) can improve the
sensitivity to 80% and accuracy to 88% (86, 87).
7.5. Albumin mRNA
Albumin is a family of globular proteins; Albumin is a

soluble protein and is commonly found in blood and is
synthesized by the liver. Other blood proteins are different
from Albumin from in that they are not glycosylated. The
albumin’s mRNA is in human blood and could be a
clinically potential biomarker for liver pathologies. Cheung,
S.T. et al. have demonstrated that high serum albumin’s
mRNA level predicted the 2-year recurrence rate with
sensitivity and specificity of 73% and 70%, respectively
(88).
7.6. MicroRNAs (mi RNAs)
MicroRNAs (miRNAs) are small (21-23 nucleotides),
noncoding functional RNAs. HCC associated miRNAs
could serve as diagnostic and prognostic HCC biomarkers.
miRNAs can be used as accurate indicators for predicting
metastatic condition or survival in HCC patients. Function
of MicroRNAs is to regulate gene expression by binding to
specific messenger RNAs (mRNA) and inhibit their
translation into protein. Furthermore, each type of miRNA
can simultaneously downregulate hundreds of genes. In
general, miRNA profiling has emerged as a valuable
approach for phenotyping tumors (89, 90). miRNA assay
has several advantages in compared with conventional
gene expression profiling (in which protein-coding,
messenger RNAs) including: stability of miRNAs,
formalin-fixed samples (rather than frozen tissue) and the
investigation of hundreds of miRNAs. Many independent
groups have done comprehensive analyses of miRNAs in
HCC, and a plethora of information on miRNA markers
exist. Studies have shown many of miRNA signatures in
HCC associated with important parameters, such as
metastasis differentiation, HBV or HCV infection, tumor
recurrence, and patient survival (90, 91). Furthermore
miRNAs promote HCC carcinogenesis by inducing cancer
stem cell and by controlling cell proliferation and
apoptosis and some of miRNA correlated to HCC
progression by controlling cell migration and invasion.
These HCC-associated miRNAs undoubtedly provide new
insights into the molecular basis. Hou, J et al. have
demonstrated that a molecular biomarker for HCC is miR500 (miRNA) that is highly expressed in embryo liver,
downregulated in the process of liver development and
then upregulated in the process of cirrhosis. Also in
another research done by the same team it has been
reported that miR-29 and miR-199 are downregulated in
HCC cells, suggesting its role as a potential prognostic
marker for therapy and follow up of HCC patient (92). Xu
Y et al. have showed that miR-122 is a liver-specific
microRNA that is downregulating in HCC. The loss of
miR-122 induces HCC cell migration and invasion and
previous study done by Xu, Y., et al. analyzed the miRNA
signatures of a large number of tumor samples. It has been
shown that only miR-21 is upregulated in the tumors. Also
new researches have reported that miR-21 is a central
oncomiR (93, 94). Tomimaru Y et al. demonstrated that
serum miR-21 level in patients with HCC was significantly
high in compared with patients with chronic hepatitis and
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healthy people. ROC analysis showed that differentiation
of HCC patients from healthy adults is possible with the
sensitivity and specificity 87.3 and 92%, respectively,
therefore, it can be said miR-21 is a promising genetic
biomarker of HCC diagnosis (95). Cancer and malignancy
is a complex disease and various factors are involved in its
development. Tumor markers are glycoproteins and their
expression level is increased during tumor progression.
HCC is not an exception. HCC Patient show increasing
tumor markers that are closely associated with the
occurrence, development, recurrence and poor prognosis of
disease (96). Overall, according to results of all studies
about roles of mi-RNAs in diagnosis of various type of
cancer particularly HCC, it can be concluded that miRNAs assay along with other tumor markers help in
improvement of the diagnosis of HCC, especially in
metastatic conditions.

8. CONCLUSION
Most HCC biomarkers exist in the clinical setting however,
a single test that has high accuracy and specificity for
detection of early stage of HCC, has not been introduced
yet. Therefore, sensitive test strategies should be considered to improve the early stage diagnostic of HCC
including: i) the combined detection of serum biomarkers
that can supplement each other in order to accelerate the
early diagnostic rate. The sensitivity of AFP-L3, FC-GP73,
AFU and SCCA is better than that of AFP .Combined
detection can improve the diagnosis of HCC and reduce
misdiagnosis. The GPC3 and TGF-β1 biomarkers have a
very high specificity. Combined detection with AFP can
excellently improve the ability of detection and diagnosis
for HCC. ii) Select the appropriate tumor marker based on
the stage of the disease: for example, AFP mRNA, TGF-β1
and VEGF should be superior options in the prediction of
HCC metastasis. iii) Priority in the use of genetic markers
which is likely to improve the early diagnostic of HCC, as
well as predict the recurrence of tumors. The genetic
markers are new perspectives on early diagnosis of various
cancers especially HCC, furthermore, more studies in the
field of molecular tumor markers is required in order to
introduce novel genetic markers that result in improved
early diagnosis of HCC.
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