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Abstract 

Hepatocellular carcinoma (HCC) is one of the most recurrent and lethal cancers worldwide.  The 

low survival rate of this particular strain of carcinoma is largely due to the late stages at which 

diagnosis is determined.  Tumorigenesis of hepatocellular carcinoma is most frequently made 

through ultrasonography, magnetic resonance imaging and computerized tomography scans, 

however, these methods are poor for detection of early tumor development.  This review presents 

alternative hepatocellular carcinoma detection techniques through the use of protein and 

enzyme/isozyme biomarkers.  The detection methods used to determine serum levels of α-

fetoprotein (AFP), glypican-3 (GPC3), golgi protein 73 (GP73), α-L-fucosidase (AFU), des-γ-

carboxyprothrombin (DCP), γ-glutamyl transferase (GGT) and squamous cell carcinoma antigen 

(SCCA) are presented and each marker’s respective validity in the diagnosis of hepatocellular 

carcinoma is evaluated. 

 

 

 

Introduction 

Hepatocellular carcinoma (HCC) is the third most common cause of cancer related death 

worldwide, killing a majority of people affected within a year of diagnosis1. Approximately 90-

95% of worldwide liver cancers are HCC.2 The main risk factors involved in HCC onset are 

hepatitis and cirrhosis3. In countries where hepatitis and cirrhosis are frequent, HCC is not only 

one of the most prevalent found cancers but is one of the most recurrent causes of death4. 
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Neoplasm formations  in the liver are generally detected through ultrasonography, magnetic 

resonance imaging (MRI) or an abdominal computerized tomography (CT) scan5.  While these 

methods are accurate in detection of HCC, they often fail to discover tumor formations until the 

later stages.  It is therefore of interest to establish ways to detect tumor formation in the earlier 

stages to screen at risk populations.  

The use of biosensing has shown promising results in early cancer detection and in some 

cases can even help determine the prognosis of disease6-8.  Biosensors are developed by 

combining a biological component with a physiochemical detector. The biological component is 

an analyte found within the body which is referred to as a biomarker.  Biomarkers are any 

measurable substance found within an organism whose presence can be indicative of a disease or 

infection.  The use of biomarkers has greatly advanced early cancer detection, which generates 

better survival rates.   The physiochemical detectors chosen vary by the analyte being detected.  

Some of the more common forms of biosensing for cancers involve the use of spectroscopy9,10, 

ELISA11,12 or using potentiometric techniques13.   

HCC biomarkers can be divided into four categories:  embryonic and glycoprotein 

antigens; enzymes and isozymes; genes; and cytokines2.  Recent data suggests that genes and 

cytokines could potentially be the most sensitive for detection, however, further research needs 

to be performed to defend these claims14.  As such, this review will focus on the more thoroughly 

investigated protein and enzyme biomarkers.  Serum alpha-fetoprotein (AFP) is the most 

universally used antigen. AFP is an embryonic protein that is typically only produced by the fetal 

liver. Research has shown that serum AFP levels can be drastically elevated in individuals 

expressing HCC, leading to potential cancer detection14. However, AFP is not a perfect 

diagnostic test as 40% of individuals with early HCC development express normal or acceptable 
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AFP levels15,16.  Alpha-L-Fucosidase (AFU), a lysosomal enzyme present in all mammalian 

cells, may offer a new scaffold for HCC detection.  It has been found that alpha-L-fucosidase can 

diagnose 85% of HCC patients up to 6 months before it is detectable by ultrasonography17.  

Developing a standard biosensor for HCC has proven to be a difficult task.  While several 

biomarkers appear to be relevant in HCC diagnosis, a consistent detection method has yet to be 

determined, which has limited the clinical use of HCC biomarkers.  The most widely explored 

ways to detect early tumor growth for HCC have been through protein biomarkers, 

predominantly AFP.  This review will discuss the current protein and enzyme biomarkers found 

to be relevant to HCC, with a focus on the methods used to quantify each biomarkers serum 

levels and what these levels mean in regards to neoplasm formations. 

Embryonic and Glycoprotein Antigens 

Alpha-fetoprotein (AFP): Alpha-fetoprotein is currently the most widely used tumor biomarker 

for HCC. AFP was first discovered in 1956 by Bergstrand and Czar through electrophoresis of 

human fetus serum proteins18.  Early AFP synthesis occurs in the yolk sacs and then later on is 

produced by the fetal liver.  The synthesis of AFP reaches levels as high as 3 g/L at around 12-16 

weeks of gestation, however, post-birth serum levels drop rapidly to 10 µg/L≥ within the first 18 

months19.  In healthy adults, serum AFP levels typically fall into the range of 5-10 µg/L20. 

Consisting of 591 amino acids, AFP  is a 70 kDa oncofetal glycoprotein21 that contains a 

single asparagine-linked carbohydrate chain22. Being a glycoprotein, AFP exists as a 

heterogeneous entity with several different glycoforms found based upon affinity towards 

different lectins or electrophoretic separation23,24. Lens culinaris agglutinin (LCA) is able to 

distinguish AFP into three different isoforms:  AFP-L1 (LCA nonreactive), AFP-L2 
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(intermediate reactive) and AFP-L3 (LCA-affinitive)25.  The AFP-L3 glycoform appears to be 

produced by cancer cells, potentially allowing for discrimination between chronic liver diseases 

and HCC at lower serum levels (400≥ ng/mL)26. 

Elevated AFP levels were first associated with tumor development in mice by Abelev et 

al. in 196327. Taratinov later found AFP in the serum of patients with hepatoma, leading to its 

current use as a biomarker for HCC28. The first quantitative  serum assay for AFP was developed 

in 197120 and has since been extensively studied29-31. The best analysis methods for AFP are all 

based on modified immunoassays and can be found in Table 1. 

Immunoassay Antibody-Label Detection 

Limit 

(µg/L) 

Inter-assay 

CV 

Intra-Assay 

CV 

References 

Radioimmunoassay Radioactive 

Isotope (125I) 

1-16 3.4-8.8 % 2.7-5.2% 20 32 

Nephelometry Latex particle   5.0 8.4-10% 5.1-10% 33 

ELISA Enzyme 3.0 3.5-16% 6.9-15% 34-37 

Microparticle Enzyme 

Immunoassay 

Microparticle + 

Enzyme 

0.5 6.8% 4.9% 38 

Electrochemiluminescence Ruthenium(II)-

tris(bipyridyl) 

complex 

0.4 3.5-4.6% 2.3-4.0% 39 

Immunoradiometric assay Radioactive 

Isotope (125I) 

0.2 3.0-10% 3.0-6.0% 40 

 Table 1. Overview of immunoassays for AFP serum concentration measurements. 
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As Table 1 suggests, radioimmunoassays for AFP offer the lowest detection limit.  The 

radioimmunoassay involves labeling known quantities of AFP with Na125I. The radioactive 

iodine isotope binds to tyrosine residues located on AFP and the labeled antigen is then 

incubated with known quantities of AFP specific antibodies and loaded into a column.  Upon 

addition of serum samples, the unlabeled AFP found in sera will displace the radioactive labeled 

AFP, causing it to elute from the column.  The quantity of labeled AFP eluted can be quantified 

with a gamma counter and allow for indirect measurements of the concentration of AFP found in 

the serum samples20.  While radioimmunoassays for AFP offer great sensitivity, they suffer from 

long preparation times, large amounts of required dilutions and separations, and radiation 

damage.  A more commonly implemented detection technique for serum AFP is ELISA.  

Although Table 1 portrays ELISA as one of the weaker methods in regards to detection limit, it 

has benefits through quick detection time, longer shelf life, and simpler detection techniques.  

The exact ELISA format varies but most employ isolation of target antigen onto a plastic bead or 

plate followed by incubation with the enzyme-labeled antibody.  The enzyme labels chosen are 

most commonly horseradish peroxidase36 and alkaline phosphatase34.  Upon binding of the 

enzyme-labeled antibody, excess antibody is washed from the plastic surface and an enzyme 

specific chromogen substrate is added.  The enzyme interacts with the chromogen substrate, 

producing a fluorescent or colored product which can be used to quantify the amount of antigen 

present.  Another factor to take into account when determining which assay to use is the 

variability that can arise from experiment to experiment.  As shown in Table 1, the inter-assay 

and intra-assay CV for all the immunoassays listed shows little variance between each assay 

type.  
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Although Table 1 would suggest that using an immunoradiometric scaffold is the best for 

serum AFP measurements, there are many variables to consider beyond the detection limit for 

the assay: including time, cost, cut-off point and ease of measurement.  The cut-off point is used 

as an indicator that serum levels are above the norm and is the set point at which the distinction 

between healthy and diseased occurs.  It is therefore not entirely relevant to obtain the lowest 

detection limit, but rather to obtain the highest sensitivity and specificity for the disease being 

detected.  In diagnosing cases of HCC, the serum concentration of 20 ng/mL of AFP is the most 

universally used cut-off point; however this cut-off point has been found to fluctuate between 

ethnic groups41,42.  Table 2 comprises of the most common AFP serum concentrations used in 

HCC diagnosis along with the respective sensitivity and specificity as found from a statistical 

study by Trevisani et al43. The sensitivity of the assay measures the true positive rate while the 

specificity measures the false positive rate caused by other disorders expressing increased serum 

levels.  As Table 2 depicts, higher AFP cut-off values become more specific for HCC but the 

measurement loses its sensitivity. The sensitivity of detection decreases at higher cut-off values 

due to the low serum levels of AFP expressed.  Many individuals with HCC express only slight 

elevation of AFP while 80% of the smaller cases (tumors <3cm) show no elevation whatsoever, 

causing higher cut-off values to be less effective44. The specificity increases due to false 

positives from alternative viral etiology and other liver diseases that cause elevation in AFP 

becoming less relevant at such high serum levels45.  

 AFP cut-off (ng/mL) Sensitivity (%) Specificity (%) 

16 62.4 89.4 

20 60.0 90.6 

100 31.2 98.8 
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200 22.4 99.4 

400 17.1 99.4 

 

The heterogeneous nature of AFP has shown promising results in increasing the 

sensitivity and specificity of HCC diagnosis.  As noted, total AFP levels can be divided into 

three different types, based upon each isoforms affinity towards LCA. The LCA-bound 

glycoform, AFP-L3, is able to detect HCC at the cut-off value of 15% with a sensitivity of 96.9% 

and a specificity of 92%46. However, the most promising results come not from using AFP-L3 

alone, but rather combining AFP-L3 percentages with the total serum levels of AFP. Leerapun et 

al.
47 found that using a cut-off value between 10-200 ng/mL of total AFP and a cut-off of 35% 

AFP-L3, the specificity of HCC detection reaches 100%. 

Glypican-3 (GPC3): Glypican-3 is a membrane-bound heparan sulfate proteoglycan belonging 

to a family of six similar cell-surface proteins48.  Each member of this family possesses a similar 

size and structure, ranging between 60-70 kDa49.  Glypicans are bound to the cell membrane via 

a glycosyl-phosphatidylinositol anchor50. While the exact function of glypicans is unknown, they 

are believed to interact with various growth factors49. During fetal development, GPC3 can be 

found within the liver, lungs and kidneys. In adult tissues, small traces can be found within the 

kidney while none is detected in any other adult tissue. However, GPC3 has been found to be 

expressed by some neoplasms, suggesting this oncofetal protein has potential use as a biomarker. 

 Hsu et al.51 found that the mRNA of GPC3 was detectable in 74.8% of HCC patients 

while only 3.2% expression was observed in noncancerous livers.  Soon after, it was found that 

GPC3 mRNA was expressed in 75% of HCC cases while negligible expression was detected in 

Table 2. Sensitivity and specificity of HCC diagnosis at the five most common used cut-off 
values of serum AFP levels. 
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normal, cirrhotic and focal nodular hyperplasia livers52. These findings led future groups to 

analyze GPC3 levels and assess its relevance as a novel HCC biomarker.  Up to now, the most 

commonly used detection technique for GPC3 serum levels is ELISA with cut-off values ranging 

from 3.9 pg/mL to 300 ng/mL53.  

 Capurro et al.54 presented the first assay analyzing GPC3 levels in the serum of healthy 

and HCC patients using a sandwich ELISA with horseradish peroxidase labeled antibodies and 

hydrogen peroxide with o-phenylenediamine as the substrate.  The sandwich ELISA used 

involved placing monoclonal antibodies specific for GPC3 in 96-well plates followed by 24 hour 

incubation with serum samples.  After thorough washing, a polyclonal antibody labeled with 

horseradish peroxidase is then added and the enzymatic activity is used to produce a calibration 

curve that can determine GPC3 serum levels.  It was found that GPC3 was expressed in 72% of 

HCC patients while AFP was only expressed in 59% at the cut-off of 20 ng/mL, and an even 

lower 32% of patients when using the more sensitive cut-off of 100 ng/mL. As is the case for 

AFP detection, various cut-off points have been used in correlating GPC3 serum levels with 

HCC diagnosis.  However, in the case of GPC3, there has yet to be a standard cut-off point 

determined that maximizes sensitivity and specificity.  Currently, the cut-off values used vary 

from as low as 3.9 pg/mL all the way to 300 ng/mL, with the sensitivity of GPC3 ranging from 

36-65% and specificities ranging from 65-100%50,54-57.  While GPC3 shows promise in being 

more sensitive and specific than serum AFP, a meta-analysis performed by Liu et al.53 concludes 

that the current data presented is flawed, presenting issues in sample size, patient selection, 

serum control and the heterogenous nature in experimental techniques.  Future research will need 

to be conducted to determine the merit of GPC3 as a replacement or supplement to AFP in HCC 

diagnostics. 
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Golgi Protein 73 (GP73): Golgi protein 73 (GP73, also referred to as Golph2), is a 400 amino 

acid, 73-kDa transmembrane glycoprotein typically found within the cis-Golgi complex58.  GP73 

possesses several glycosylation sites, however, the role of these sites and the protein itself are 

unclear59. GP73 is primarily expressed in epithelial cells but has been found to be upregulated in 

hepatocytes in patients suffering from both viral and non-viral liver diseases60. Studies of human 

serum samples confirmed that GP73 is expressed in cases of HCC, leading to its current use as a 

potential predicative biomarker61. 

 The primary detection techniques for GP73 include western blot, immunoblotting and 

ELISA.   Marrero et al.62 presented one of the first human serum assays of GP73 using an 

immunoblot assay. Zhou et al.63 performed a meta-analysis on GP73 assays compared with AFP.  

GP73 sensitivities range from 69-95% while the specificities range from 35-97%.  These values 

compromise results from all three assay types used and suggest a large amount of heterogeneity 

between each assay type. While higher sensitivity and specificity has been reported for GP73 

which might suggest it is a possible replacement to AFP, further research needs to be done to 

confirm the consistency of this marker. 

Enzymes and isozymes 

Alpha-L-Fucosidase (AFU): Alpha-L-fucosidase is a lysosomal enzyme that catalyzes the 

hydrolytic cleavage of fucose-containing molecules64.  Mammalian α-L-fucosidases are 

glycoproteins, possessing many different isoforms  of ~54 kDa with optimial activity between 

pH 4 and 6.565.  AFU is present in low concentrations in all animal tissues but have been found 

to be overexpressed in cancerous tissue, especially HCC66.  
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Due to the heterogeneous nature of α-L-fucosidases, an exact molecular weight is not 

available and as such other means of quantifying serum levels must be employed.  In contrary to 

the previous biomarkers mentioned, AFU serum values are typically given in regards to the 

enzymes catalytic activity using the SI unit katal or more commonly the enzymatic unit (U). 

Avila and Convit67 developed the first assay on AFU in 1974 by means of measuring the 

enzymatic activity with the colorimetric substrate p-nitrophenyl-α-L-fucopyranoside (PNFP) as 

depicted in Figure 1
64.  In brief, the enzymatic activity is measured at a pH of 5.5 in an acetate 

buffer and the absorbance of the cleaved p-nitrophenol is observed at 400 nm.  The connection 

between AFU serum levels and HCC onset was not made until ten years later when Deugnier et 

al.68 used a previously described AFU assay69 to establish a correlation between high AFU levels 

and carcinoma.   

 

 

 

 

To date, the most commonly used detection technique is the above mentioned assay using 

the colorimetric substrate PNFP.  Many research groups have used this approach to determine 

the onset of HCC with sensitivities ranging from 60-90% and specificities ranging from 55-

98%4,70-74.  An alternative method was proposed by Wang and Cao75 by chlorinating the 2 

position of the standard substrate p-nitrophenyl-α-L-fucopyranoside to produce 2-chloro-4-

nitrophenyl-α-L-fucoside.  The addition of a chlorine group to the substrate leads to an increased 

cleavage rate and produces a faster assay with sensitivity for HCC detection reported at 81.8% 

α-L-Fucosidase p-nitrophenyl-α-L-
fucopyranoside α-L-fucose p-nitrophenol 

(Yellow) 

Scheme 1: Schematic of the assay developed through the hydrolysis of p-nitrophenyl-α-L-
fucopyranoside by AFU to produce α-L-fucose and the colored product p-nitrophenol.  
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and specificity of 85.4%.  While the standard approach for AFU detection appears to show 

promise in HCC detection, it is still affected by incubation times, indirect measurements via 

catalytic rates and interference caused by the overlap in yellow color of the substrate collected 

and that of the inherently yellow color of serum samples13. 

Des-γ-carboxyprothrombin (DCP): Des-γ-carboxyprothrombin is an abnormal, inactive form 

of prothrombin that is also referred to as PIVKA-II (protein induced by vitamin K absence or 

antagonist-II)76.  DCP is characterized by the lack of carboxylation of the 10 glutamic acid 

residues typically found on the N-terminus and necessary for binding Ca2+ ions during the 

coagulation process77.  Prothrombin is produced within the liver and healthy individuals usually 

do not express DCP. 

Blanchard et al.78 developed the first assay for DCP detection using a radioimmunoassay 

technique with 125I labeling.  The assay developed was a competitive assay, involving the 

addition of 125I labeled DCP to polyclonal antibody specific for abnormal prothrombin.  As 

serum is added with the native unlabeled DCP, the 125I-DCP is displaced from the antibody and 

eluted for detection   Liebman et al.79 used this radioimmunoassay to measure the plasma DCP 

levels in patients with primary HCC and found significant elevation in 91% of the patients 

measured, leading to further research of this potential new biomarker. These findings led 

Motohara et al.80 to develop an ELISA to investigate the validity of DCP as a new biomarker for 

HCC.  The ELISA was established using a monoclonal antibody specific for PIVKA-II as a 

capture antibody and plates containing this antibody were incubated with plasma samples.  After 

proper incubation, the plates are washed and treated with a second antibody labeled with 

horseradish peroxidase.  After incubating the second antibody followed by thorough washing, 

2,2’-Azino-di-[3-ethylbenzthiazoline sulfonate] is added to measure the activity of the attached 
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enzyme.  The ELISA technique proved to be quite sensitive with a detection limit found to be 

0.13 U/mL80. Fujiyama et al.81 then set out to use the above mentioned ELISA technique to study 

the correlation between DCP serum levels and HCC.  It was found that 63% of patients with 

HCC show DCP levels >0.1 U/mL while 48% of patients expressed values >0.3 U/mL.   

The future of DCP as a biomarker for HCC detection relies on its effectiveness when 

compared to the standard marker AFP82.  Mita et al.83 compared the detection capability of DCP 

with AFP using an ELISA approach for both measurements.  Of the 91 patients with HCC 

measured, 62% had DCP levels above the cutoff 40 mU/mL while only 47% had AFP levels 

above the standard cutoff of 20 ng/mL.   While these results are promising for the future of using 

DCP as an HCC biomarker, there are complications that could limit its use as a universal marker 

for all cases of HCC. While the exact cause of the production of abnormal prothrombin is 

unclear, it has been found to be elevated not only in cases of HCC but also in patients treated 

with coumarin anticoagulants, which could limit its effectiveness in detecting HCC universally79. 

γ-Glutamyl transferase (GGT): γ-Glutamyl transferase (also referred to as γ-glutamyl 

transpeptidase) is a membrane bound enzyme found in trace amounts in most animal tissues with 

the highest level of activity being found in the kidney84,85. GGT exists as a glycoprotein with 

various isoenzymes possible depending on the extent of carbohydrate binding86.  The exact 

physiological function is not definitive but it has been found to aid in amino acid transport87, 

cleavage of glutathione88, and transfer of the γ-glutamyl group to acceptor amino acids89.  

Normal levels of GGT typically range between 3.2-24.8 mU/mL but this value has been 

observed to elevate significantly with various liver diseases leading many groups to evaluate its 

clinical relevance as a biomarker for HCC90. 
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 Goldbarg et al.91 developed the first assay for GGT using a colorimetric set up.  Applying 

a process developed by Bratton and Marshall92, the colorimetric assay utilizes the chromogenic 

substrate N-(DL-γ-glutamyl)aniline to measure GGT.  GGT transfers the γ-glutamyl moiety to an 

acceptor amino acid, releasing free aniline.  The solution is then treated with sodium nitrite and 

N-(1-naphthyl)ethylenediamine dihydrochloride leading to diazotization of the released aniline 

substrate, producing a blue azo dye which can then be quantified using a photoelectric 

colorimeter to determine the enzymatic activity.  

While the colorimetric assay was able to measure serum GGT levels in various human 

tissues, the values produced combine all isoforms of GGT which could hinder the sensitivity and 

specificity for HCC diagnosis. In fact, it is the GGT-II isoform that has been found as the 

diagnostic standard for cases of hepatoma. To overcome the issues that arise from GGT 

heterogeneity, many groups have set out to separate the various isoforms through electrophoretic 

methods with agarose gel93, starch gel94, cellulose acetate95, polyacrylamide gel96-98 and paper99  

prior to measuring enzymatic activity.  Xu et al.100 utilized vertical slab stage electrophoresis on 

polyacrylamide gel to separate GGT into 9-11 activity bands.  They then adopted a modified 

version on the aforementioned colorimetric assay using γ-glutamyl p-nitroanlide as the enzyme 

substrate, glycyl glycine as an amino acid acceptor for the γ-glutmayl moiety, and N-(1-

naphthyl)ethylenediamine dihydrochloride to produce a red azo dye through diazotization with 

free p-nitroanilide90. GGT-II appears as the second separation band and was found to have a 

sensitivity of 90% and a specificity of 97.1% for hepatoma cases, while it is expressed in only 

3.1%  of other liver diseases100.  Cui et al.101 set out to replicate these findings and while they 

observed a lower sensitivity and specificity, 74% and 82.2% respectively, their findings still 

show promise for GGT-II as a supplemental biomarker in HCC detection. 

Page 14 of 22Analyst

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A
na

ly
st

A
cc

ep
te

d
M

an
us

cr
ip

t



Squamous Cell Carcinoma Antigen (SCCA):  Squamous cell carcinoma antigen is a tumor 

associated protein belonging to a family of high molecular weight serine protease inhibitors102.  

SCCA has been isolated into two isoforms: SCCA1 and SCCA2103.  Both isoforms are expressed 

in a layer of the squamous epithelium and overexpression has been associated with 

tumorigenesis104. The two isolated isoforms have been found to protect neoplastic cells from 

apoptosis while SCCA1 has been found to promote tumor growth in vivo105-107. There is a strong 

association with the presence of SCCA in many different forms of cancer, including HCC, 

leading various groups to investigate its viability as a potential biomarker. 

 Kato and Torigoe108 presented the first isolation and immunoassay for SCCA using a 

radioimmunoassay approach for associating SCCA with the onset of cervical squamous cell 

carcinoma.  Pontisso et al.109 were the first to establish serum SCCA as a biomarker for HCC 

using an ELISA with horseradish peroxidase and found SCCA was expressed in 85% of HCC 

cases. Further groups investigated serum SCCA levels using a similar method with sensitivities 

ranging from 18-84% and specifities ranging from 27-73%110-114. While serum SCCA may prove 

to be a valid supplementary biomarker for HCC diagnosis, more promising results have been 

found by quantifying serum SCCA-IgM immunocomplexes found in circulation.   Beneduce et 

al.115 found that by combining SCCA-IgM with AFP that the sensitivity of HCC detection was 

70% while the specificity reached 100%. Using an ELISA technique, SCCA-IgM produces 

sensitivities ranging from 52-89% and specificities from 49-100%111,115-118.  

Combined Tests: 

 While promising results have been shown in testing for one biomarker at a time, many 

groups have found that the sensitivity of detection can be raised by detecting multiple biomarkers 
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at a time.  Figure 2 portrays the sensitivity and specificity of HCC detection by using the serum 

marker AFP combined with GPC3119, DCP101,120, GGT101,121, and AFU71,121.  In each case, 

combining an additional biomarker with AFP for HCC diagnosis leads to an increase in the 

sensitivity of detection, however, the specificity of detection takes a hit.  While the lowered 

specificity is not ideal, it is possible that the specificity could be increased by varying the cut-off 

values used.  As shown in Table 2, the specificity of AFP detection increased as the cut-off 

value is raised.  Each of the combined tests is done at the cut-off value of 20 ng/mL, so it is 

possible the specificity of detection could be raised by using a slightly higher AFP cut-off value.  

 

 

 

 

 

 

 

 

 

 

 

AFP AFP+GPC3 AFP+DCP AFP+GGT AFP+AFU
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Figure 2: Sensitivity and specificity of combined detection with AFP and 
GPC3, DCP, GGT, and AFU. 
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Conclusion: 

In summation, the detection techniques and the relevance of protein and enzyme biomarkers for 

hepatocellular carcinoma has been evaluated. While radioimmunoassays typically produce the 

lowest detection limits for protein biomarkers for HCC, the complications and difficulty that 

arise from these measurements has limited its use in serum biomarker measurements.  Instead, 

the most commonly used technique for biomarker evaluation is an ELISA approach with 

horseradish peroxidase.  AFP remains the gold standard for HCC diagnosis but cancer detection 

proves to be too complicated to be limited to a single marker.  Variables such as geographical 

location, ethnicity, and preexisting viral etiology cause variations for each biomarker.  The future 

of HCC diagnosis will likely lie in combination measurements by evaluating several of the above 

mentioned biomarkers simultaneously, rather than simply using one.   
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