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Introduction

Hepatocellular carcinoma (HCC) is the sixth most common 
malignant tumor with the third highest mortality in the 
world. Most HCC patients died within one year after the 
definitive diagnosis, and the part of the reason is due to 
lack of effective early diagnosis technology. China has a 
high incidence rate of HCC and about 50.5% new patients 
and 51.4% cancer related deaths globally occurred in 
China each year (1,2). The mechanisms underlying HCC 
occurrence and development have not been well clarified. 

Alpha-fetoprotein (AFP), which has been widely used as a 
diagnostic marker of HCC, has a low sensitivity in some 
patients, especially for patients with small size, early stage 
and well differentiated, which cannot meet the clinical 
requirement for early HCC diagnosis (3,4). Therefore, it is 
urgent to find reliable HCC markers with high sensitivity 
and specificity.

As early as 1960, W Baldwin Robert has demonstrated 
that the immune system could react with tumor cells during 
their development (5). When normal cells transform into 
tumor cells, body’s immune surveillance function can 
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detect the abnormal substances in cancer cells, or tumor 
associated antigens (TAAs). TAAs are proteins, nucleic 
acids, carbohydrates or immune molecule complexes with 
antigenic properties abnormally expressed in tumor cells (6). 
Detection of some tumors can be achieved by identification 
of their specific TAAs and homologous autoantibodies. The 
mechanisms for production of anti-TAAs autoantibodies 
are not clear. Some scholars believed that over-expression, 
degradation, dislocation and folding of TAAs can induce 
immune system to produce immune responses, especially 
humoral immunity. Therefore, their corresponding 
autoantibodies can be tested in tumor tissues and serum (7). 
Many studies have reported that the immune responses 
were mediated by autoantibodies in the development 
of HCC. Belousov et al. summarized the studies about 
antigens and autoantibodies associated with prostate cancer, 
lung cancer, breast cancer, nerve glioma, liver cancer using 
different detection methods (6) and showed that anti-TAAs 
autoantibodies have been widely used in the diagnosis and 
detection of many cancers. Dai et al. have introduced the 
studies of anti-TAAs autoantibodies and TAAs in HCC 
since 1993 (8). Some studies have shown that anti-TAAs 
autoantibodies are more stable than TAAs and not easy to 
be hydrolyzed (2) and can be used as the “reporter” of the 
immune system to identify the changes of body’s antigen 
substances (8). Zhang and Tan proposed that anti-TAAs 
autoantibodies should be divided into two types, one is the 
autoantibodies compounded after appearance of tumor 
cells; the other is continuous presence of autoantibodies 
before or after tumor appearance (9). Some of anti-TAAs 
autoantibodies can be used as potential markers or targets 
for immunotherapy (10,11). However, the role of anti-TAAs 
autoantibodies of HCC is still poorly understood. This 
review focuses on the four main HCC screening techniques 
and the recent progress about anti-TAAs autoantibodies in 
HCC detection.

Screening techniques of autoantibodies in the 
diagnosis of HCC

The screen techniques of autoantibodies or TAAs in tissues 
or serum of HCC patients can be mainly classified as 
serum proteomics analyses (SERPA), serological analysis 
of recombinant expressed cDNA clone (SEREX), phage 
display technology and high throughput protein microarray. 
These techniques have been proven to be effective. 
Table 1 summarized the methodologies in the screening of 
autoantibodies for the diagnosis of HCC. Lots of candidate 

antigens or autoantibodies have been identified using these 
techniques and gradually applied in practice. 

SERPA

Desmetz et al. has mentioned that “the SERPA technique, 
also known as PROTEOMEX, has, for several decades, 
remained one of the best tools for identifying TAAs” (5). 
SERPA is a technology combination of two-dimensional 
protein electrophoresis (2-DE), western blot and mass 
spectrometry analysis. SERPA can detect slight differences 
in expression of proteins in different cells. The process of 
SERPA includes several steps (12). Firstly, dissolve cancer 
and normal cells (tissues), extract total proteins, conduct 
two-dimensional gel electrophoresis and identify proteins 
with differential expression in cancer and normal cells 
(tissues). Secondly, screen different protein loci and analyze 
the candidate proteins by mass spectrometry. Thirdly, 
verify their expression in serum using western blot or 
enzyme linked immunosorbent assay (ELISA). Takashima 
et al. identified antigens HSP70, GAPDH, PRX and 
Mn-SOD using SERPA in 2006 and used these antigens 
to detect the corresponding autoantibodies in serum. 
They demonstrated that the sensitivity of TAAs is highly 
correlated with the autoantibodies (13). Looi et al. performed 
similar experiments (SERPA) in 20 HCC patients and 50 
patients with chronic hepatitis (CH) and liver cirrhosis 
(LC), identified HSP60 and HSP70 as ATTs and verified 
their results using western blot (14,15). Li et al. discovered 
13 different loci and verified 8 of them (Keratin 8, lamin A/
C, DEAD, eEF2, hnRNP A2/B1, prostate binding protein 
and TIM) using western blot. They also found that the 
sensitivity of serum autoantibodies combined with AFP was 
69.8–82.6% for HCC patients (16). Hong et al. performed 
SERPA of serum samples and identified 20 TAAs. Among 
these TAAs, autoantibodies of CENPF, HSP60 and IMP-
2 have high sensitivity for early HCC patients, reaching 
79.3% when combined with AFP (1). Although SERPA 
technology is very reliable, it has many shortcomings 
and requires other techniques in screening application. 
For example, SERPA cannot detect low-abundance, 
transmembrane proteins and space epitopes of antigen-
antibody reaction (17). 

Serological analyses of recombinant cDNA 
expression libraries (SEREX)

SEREX is a combination of serum analysis and molecular 
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Table 1 Summary of autoantibody detection methodologies used in the screening of autoantibodies for the diagnosis of HCC

Methodology 
name

Sensitivity Throughput Time Cost Advantages Disadvantages

SEREX High Yes Due to the 
time on 
constructing 
the library, 
usually 
several days

Medium 
expensive

Multiple antibodies can be 
used to detect multiple antigen 
simultaneously; directly match 
the DNA sequence of the 
corresponding protein; the 
sensitivity was higher than that of 
serum proteomics; identification 
of TAAs in vivo

High false positive rate; 
PTMs antigen could 
not be recognized; 
parallel analysis of 
tumor proteins with 
healthy donor sera as 
controls cannot be 
performed easily

SERPA Medium Yes Several 
hours

Expensive Identification of TAAs in vivo; 
effective separation of a complex 
mixture of proteins based on their 
isoelectric points and molecular 
weights; able to identify the 
modified protein; able to select 
raw material from the body to 
detect; less time for detection; 
Tumor associated antigens 
were fully observed by two-
dimensional Western blotting

Limited identification 
of low-abundance 
and transmembrane 
TAAs; proteins that 
can only recognize 
linear epitopes; cannot 
identify membrane 
proteins; the 
experimental methods 
can only be carried out 
in the laboratory

Phage 
display

High Yes May take 
several days

Cost more 
than SEREX

Constructed directly from tumor 
tissue or patient tumor material—
derived cell line

Cannot detect alternate 
tumor-associated 
PTMs of antigens

Protein 
microarray

High Yes Due to the 
restrict of 
the short 
time of 
proteins’ life

Production 
of thousands 
recombination 
is very 
expensive

Lots of proteins can be detected 
at the same time; the amount 
of serum for detection is very 
small; the results can be easily 
distinguished, and the results 
can be read by the scanner

Protein purity 
requirements are 
relatively high

HCC, hepatocellular carcinoma; SERPA, serum proteomics analyses; SEREX, serological analyses of recombinantly expressed cDNA 
clone; TAA, tumor-associated antigens; PTM, post-translational modifications.

genetic recombination technology. It uses recombinant 
cDNA expression libraries to express recombinant proteins 
that can react with the serum of cancer patients. The 
technology was first reported by Undschuh et al. in 1995. 
Its key step is to establish an effective and comprehensive 
cDNA expression library (18). The first step to explore 
the differential autoantibodies is synthesis of protein 
(TAAs) and the second step is making TAAs react with 
autoantibodies in the serum samples. By using SEREX 
technology, high expression of anti-TAAs autoantibodies 
would be identified according to the reaction with the 
synthesized TAAs (19). Song et al. successfully reproduced 
the CT antigens (AKAP3, CTp11) in HCC patients and 
verified their expression in multiple cancer cells (20). 
Chen et al. identified Sui1 and RalA antigens from HCC 

patients using SEREX, and detected their autoantibodies 
in patients’ sera and showed that the sensitivity of single 
Sui1 and RalA autoantibodies was 11.7% (9/77) and 19.5% 
(15/77), respectively, which increased to 66.2% (51/77) 
when combined with eight known autoantibodies and 
can even reach 88.7% when combined with AFP in HCC 
patients (21). Wang et al. separated 81 kinds of antigens 
from the HepG2 cell line and identified five differential 
autoantibodies in HCC patients. The individual sensitivity 
of these autoantibodies was 76.4–91.0% and the sensitivity 
and specificity when combined with KRT23, AHSG and 
FTL could reach 98.2%, 90%, respectively (18). SEREX 
is a high throughput screening technology, but it could 
not mark off the modified proteins such as glycerogelatin 
antigen. In addition, difficulties in selecting differentially 
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expressed proteins and long period for preparing expression 
plasmids, which is not so accurate, have restricted the 
development of SEREX (5,17).

Phage display technologies

Phage display technology is a technology that uses 
molecular biology methods to introduce genes which 
produce exogenous polypeptides or proteins into the 
genome of phage capsid proteins to express fusion proteins 
on the surface of phage (22). This method was first reported 
by Smith et al. in 1985 for displaying polypeptide protein 
on the surface of filamentous phage (23). Phage display 
technology is a third generation technology to identify 
autoantibodies. Depending on the host cells and the 
expression vector, it can be divided into three types: the 
filamentous phage display system, T7 or T4 phage display 
system and λ phage display system. These three types 
of phage display systems can carry different amounts of 
proteins, thus they are more advantageous than SEREX 
technology (24). Talwar et al. used T7 phage display library 
to screen tuberculosis and sarcoidosis autoantibodies (25).  
Zhang found that anti-LMP1 autoantibodies were 
associated with EB virus (26). Zhang utilized filamentous 
M13 phage display system and combined the screening 
result with AFP to diagnose patients with early HCC (22).  
Liu reverse transcribed all mRNAs of HCC cells into 
cDNA and constructed a cDNA expression library using 
T7 phage display technology. Liu identified DDX3, 
CENPF and other tumor-associated antigens (TAAs) after 
five rounds of serum screening of ten cases of liver cancer 
and ten cases of healthy and identified DDX3, HSPA4, 
CENPF, HSPA5, VIM, LMNB1 and TP53 as markers for 
early diagnosis of HCC by performing ELISA of 70 HCC 
patients, 50 CH patients and 70 Normal Healthy Serum 
(NHS) (27). This technique is similar to SEREX, which 
could express modified proteins and the proteins cannot 
be expressed as phage coat proteins. Besides, after many 
rounds of screening, autoantibodies with lower affinity are 
easy to be lost (2,5,9,17).

Protein microarray and high throughput protein 
microarray

The protein microarray is based on high-throughput 
protein chips, and there are thousands of known proteins 
fixed on it. With the development of molecular genomics, 
some known protein encoding genes can be expressed 

in vitro  (28). These known recombinant proteins are 
labeled with special tags and immobilized on the same two 
chips. The results of protein microarray indicated different 
expression of autoantibodies which response to assigned 
protein antigens in the sera samples of patients and healthy 
control. High throughput protein chips provide a new way 
for the search of TAAs or autoantibodies. The technology 
has advantages of high throughput, high automation 
degree and fast speed. The second generation chip contains 
nearly 20,000 recombinant proteins (29-32). Although 
the second generation high-throughput protein chip has 
been applied for disease diagnosis, it has not been reported 
in HCC. Hu identified autoantibodies of KLHL12 and 
ZBTB2 using high throughput protein chip technology 
and used them as primary markers for diagnosis of biliary  
cirrhosis (31). Jeong et al. used this chip to rapidly identify 
specific autoantibodies or antigens (30). All these reports 
suggest that high-throughput protein chips can be used to 
screen HCC autoantibodies.

Current researches on the diagnostic 
autoantibodies in HCC

Although autoantibodies have been identified for long time, 
they have not been incorporated into diagnostic criteria of 
cancers. For HCC, single autoantibody has high specificity 
and low sensitivity, which cannot meet the diagnostic 
requirements. However, combined autoantibodies are 
considered could improve these autoantibodies’ diagnosis 
value of HCC. And many researchers have tested the 
combined autoantibodies in large samples. 

Table 2 lists the latest research advances on single-
autoantibodies and the panel of autoantibodies.

Autoantibodies for HCC detection

p53, p16, p62, p90

The P53 gene, mapped to chromosome 17p13, encodes 
a 53-kDa nuclear phosphoprotein (p53). It is involved in 
the regulation of cell growth, DNA repair, and apoptosis 
function (50-52). Inactivation of the wild-type p53 is 
considered to play a key role in the carcinogenesis of 
many malignancies. . Studies have shown that p53 protein 
is expressed in many cancers, including lung cancer, 
esophageal cancer, oral cancer, colon cancer and gastric 
cancer (8). At present, most researches on autoantibodies 
are focused on the anti-p53 autoantibodies, a tumor 
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suppressor protein. The sensitivity and specificity of 
anti-p53 autoantibodies were reported to be 5.3–73.3% and 
>95% for HCC (21,27,42-44,50-54,65-69). Many studies 
have shown that the sensitivity of anti-p53 autoantibodies 
for HCC varied greatly possibly due to the heterogeneity 
of HCC. For example, EI-Emshaty et al. detected anti-p53 
autoantibodies in HCV-HCC in 2014 and showed that its 
ELISA sensitivity was 73.3% (42). Gadelhak et al. detected 
anti-p53 autoantibodies and showed its ELISA sensitivity 
was 73.07% (53). However, Edis et al. and Raedle et al. 
showed the sensitivity of anti-p53 autoantibodies were only 
12.8% and 22.7% (54,70). The sensitivities of anti-p53 
autoantibodies varied greatly for HCV-HCC and hepatitis 
B virus (HBV)-HCC. The former has high sensitivity (42) 
while the latter has low sensitivity (27,44,52), which 
suggests that anti-p53 autoantibodies may become a new 
indicator of immune diagnosis of HCV-HCC.

p16, also known as MTS (multiple tumor suppressor 
1), is an inhibitor of cyclin dependent kinases such as 
CDK4 and CDK6. It has been implicated as an important 
tumor suppressor protein. Missense mutations in p16 
gene are strongly linked to several types of human cancer. 
Deletion of p16 protein will lead to corresponding 
changes (21,43,44,59). Furthermore, detection of anti-p16 
autoantibodies also has been used in early detection of 
specific changes in HCC. p62/IMP2 is a member of 
the IGF-II mRNA binding protein (IMP) family and 
contains four hnRNP K-homology (KH) domains and 
two RNA recognition motifs (71). Although the sensitivity 
of anti-p62 autoantibodies is low (44,56,64,72), it is still 
helpful in the diagnosis of HCC. Cancerous inhibitor of 
PP2A (CIP2A/p90) is another TAA with molecular weight 
of 90 kD on SDS-PAGE gel (also known as p90) (73).  
Current study about the role of p90/CIP2A in tumor 
formation and progression mainly focus on its ability to 
inhibit PP2A phosphatase activity and regulate c-myc 
stability (74). Whether p16, p62 and p90 proteins can 
induce humoral immune responses in cancer, in other 
words, whether anti-p16, p62 and p90 autoantibodies can 
be used as biomarkers for cancer detection still remain to 
be investigated. 

Sui1

Homo sapiens putative translation initiation factor (Sui1), 
which is also called eukaryotic translation initiation factor1 
(eif1), is expressed in some eukaryotic organisms including 
fungi and yeast (Baker’s yeast). Besides eiF2 and tRNA-

Met initiator, Sui1 can directly start the transcription at 
initiation site. Sui1 is indispensable for discovering the 
right initiation site and the development of the preinitiation 
complex (75). The sensitivity, prevalence and specificity 
of anti-Sui1 autoantibodies for HCC was 10–15.5% (36), 
11.7% (9/77) (21) and 98%, respectively.

Binding proteins: Ku86, GPR78, HnRNP L, RalA

The Ku complex is composed of two subunits Ku70 and 
ku86. It is a DNA dependent protein kinase involving in 
multiple biological functions. Ku86 is an ATP dependent 
helicase participating in the repair of DNA rupture. 
Abnormal expression of Ku86 may lead to the occurrence 
of some tumors in the digestive system. Xu et al. detected 
the expression of Ku86 and its autoantibodies in 85 
patients with HBV-HCC (40). They further performed 
immunohistochemistry (IHC) analysis and found that Ku86 
was expressed in 67.1% HBV-HCC tissues and HBV-
HCC patients with higher expression of Ku86 had a poor 
prognosis. In addition, the expression of serum anti-Ku86 
autoantibody was significantly higher in patients with HCC 
than in patients with LC and healthy controls (0.47 vs. 
0.23 vs. 0.11). Meanwhile, the area under curve (AUC) of 
detection using anti-Ku86 autoantibodies in combination 
of AFP reached 0.85, significantly higher than that of using 
anti-Ku86 autoantibodies alone (40). Nomura et al. detected 
anti-Ku86 autoantibodies in 57 patients of HCV-HCC and 
found that the detection sensibility was 60.7% for tumors 
<2 cm (41). Moreover, the titer of anti-Ku86 autoantibodies 
differed in patients with HCC at different stages, indicating 
that it has certain roles in the occurrence and development 
of HCC.

GPR78, also known as the immune heavy chain binding 
protein, is a member of HSP70 family originally found in 
the end of parasitic reticulum. The main function of GPR78 
is to help protein folding, collection and transportation. 
Over-expression of GRP78 was demonstrated on the 
surface of many cancer cells but not normal cells. Chang 
et al. found that GPR78 can mediate certain drugs to 
treat HCC (76). Shao et al. found that the sensibility of 
anti-GRP78 autoantibodies was 35.5% for serum of HCC 
patients when using recombinant GRP78 proteins and 
71.4% when combined with AFP (47).

HnRNP L is a RNA binding protein that preferentially 
combines with the repeat sequences of RNA to form 
hnRNP complexes. Studies have shown that knockout 
of hnRNP L gene can inhibit cell growth, migration and 
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invasion. Yau et al. used SERPA technology to obtain 
anti-N segment of hnRNP L autoantibodies from the 
serum of HBV-HCC patients and showed that its sensitivity 
was 60% in 70 HCC patients (45).

Ras family small GTP binding protein RalA can be 
detected in HCC. It has been shown that co-functioning 
of RalA and RalB play an important role in maintenance 
of tumorigenicity through regulation of both proliferation 
and survival. However, the mechanisms of Ral GTPase 
for proliferation and transformation remain unclear. 
Wang et al. studied anti-RalA autoantibodies in HCC 
and found its sensitivity and specificity was 20.1% and 
98.3%, respectively (49). Due to the small sample size, 
whether autoantibodies responding to RalA in HCC sera 
are correlated with the clinical significance remains to be 
established.

Survivin

Survivin, a recently described member of the inhibitor-
of-apoptosis protein (IAP) family, contains a single 
baculovirus IAP repeat and lacks a carboxyl-terminal 
RING finger (77). Yagihashi et al. demonstrated that anti-
survivin autoantibodies was present in a substantial fraction 
of HBV and HCV patients as well as HCC patients at the 
first time and its sensitivity and specificity were 24.5% and 
84.5%, respectively (60). In addition, most researchers 
considered anti-survivin autoantibodies as one of combined 
indexes to improve the overall efficiency of diagnosis.

CENPF

Centromere protein F (CENPF) is an essential nuclear 
protein which was associated with the centromere 
kinetochore complex. CENPF plays a critical role in 
chromosome segregation during mitosis (1,27,44). A 
recent research showed that the sensitivity and specificity 
of anti-CENPF autoantibodies in HCC were 73.6% and 
73.7%, respectively (1). However, Liu et al. showed that the 
sensitivity and specificity of anti-CENPF autoantibodies 
were 24.3%, and 100%, respectively (27). This discrepancy 
suggests that single anti-CENPF autoantibody is not 
enough for diagnosis of HCC and more things should be 
done to improve its diagnostic value.

Other autoantibodies in HCC

Other autoantibodies have been explored for diagnosis of 

HCC including anti-C-myc autoantibodies, anti-HSP60 
autoantibodies, anti-HSP70 autoantibodies, anti-NY-
ESO-1 autoantibodies, anti-DHCR24 autoantibodies, 
anti-14-3-3 zeta autoantibodies, anti-nucleophosmin 
1 (NPM1) autoantibodies, anti-osteophotin (OPN) 
autoantibodies and anti-mouse double minute 2 (MDM2) 
autoantibodies (1,13,15,33,35,38,39,46,78-80). However, 
most of them have a low sensitivity in diagnosis of 
HCC and are not explored intensively. The reported 
sensitivity and specificity of these autoantibodies are 
below 25% and 70–100%, respectively. A comprehensive 
analysis of the above various autoantibodies showed 
that the autoantibodies with low sensitivity and high 
specificity are suitable biomarkers for diagnosis of HCC. 
Although autoantibodies are highly specific to HCC at 
early stage, their low sensitivity limits the application of 
single autoantibody for detection of HCC. Thus, further 
exploration is needed to improve their sensitivity. In 
addition, with the progress of research and the emergence 
of new experimental techniques, they may play important 
roles in diagnosis of HCC in the future.

Using the panel of autoantibodies to enhance 
the sensitivity of HCC diagnosis

Since autoantibodies have low sensitivity in HCC, it is 
important to use a penal of anti-TAAs autoantibodies 
to improve the detection rate. Table 2 summarizes some 
literatures on HCC detection using multiple specific 
autoantibodies for HCC. Zhang et al. studied single 
autoantibody and their combinations for detection of 
HCC (9,56,62,72,81). Zhang et al. showed that the overall 
sensitivity of eight autoantibodies including anti-p62, 
anti-Imp1, anti-Koc, anti-p53, anti-c-myc, anti-cyclinB1, 
anti-p16 and anti-survivin autoantibodies was 59.8% in 142 
HCC patients (56). Dai et al. showed that the sensitivity 
of individual anti-TAAs autoantibodies (anti-CAPERα, 
anti-p90, anti-RalA, anti-NPM1, anti-MDM2, anti-14-3-
3zeta autoantibodies, etc.) was only 6.6–21.1%, while the 
sensitivity and specificity of their combination were 69.7% 
and 83%, respectively. This method could make up for the 
deficiency of AFP detection sensitivity. Moreover, a high 
sensitivity of the combined autoantibodies was also found in 
detection of HCC patients at early stage (44).

It is necessary to point out that the sensitivity of 
combined autoantibodies in detection of HCC varies 
with the number of autoantibodies (43). Middleton et al. 
detected 96 cases of HCC patients using 41 autoantibodies 
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and found that although the sensitivity of individual 
autoantibody for detection of HCC was only 0–10%, the 
sensitivity and specificity of the combined autoantibodies 
were 45% and 92%, respectively, significantly different 
from those in the normal control (NC) group. When 
the number of combined autoantibodies dropped to 21, 
the sensitivity only decreased from 45% to 41%, and 
the specificity only decreased slightly (26). Therefore, 
the selection of a suitable number of autoantibody in an 
autoantibodies panel is also one of the most important 
factors for detection of HCC. Overall, using a panel of 
autoantibodies in the diagnosis of HCC could achieve 
significantly higher sensitivity and specificity.

However, excessive autoantibodies in a panel used 
for detection of HCC in clinical application should be 
avoided to save resources. Most researchers used less than 
ten autoantibodies in a panel to detect HCC, which not 
only improves the detection sensitivity, but also basically 
meets the diagnostic requirements. Selection of anti-TAAs 
autoantibodies is the primary key and the most important 
task in detection of HCC using a panel of autoantibodies.

HCC is heterogeneous and caused by a variety of 
pathogens (2). A comprehensive analysis and evaluation 
of various combinations of selected autoantibody-antigen 
systems will be useful for the development of autoantibody 
profiles involving different panels or arrays of anti-TAAs 
autoantibodies, and the results could be helpful for the 
detection and diagnosis of some types of HCC. Because it 
is impossible to detect HCC caused by different pathogens 
through detecting only one abnormal protein, it is necessary 
to find suitable autoantibodies to establish a panel and 
improve the detection efficiency of the panel.

Discussion

The establishment of the concept of humoral immunity and 
immune surveillance of tumor promotes the application of 
autoantibodies as diagnostic cancer biomarkers. Series of 
studies on the autoantibodies in HCC have been helpful for 
the early diagnosis of HCC and enhancing the efficiency of 
early diagnosis of HCC. Understanding the characteristics 
of autoantibodies will help us observe the development and 
progress of disease and predict the prognosis of disease. 
Many TAAs play important roles in disease development 
process. Studies on their corresponding autoantibodies 
can not only provide ideas for clinical diagnosis, but also 
contribute our understanding on their molecular pathways 
and signal transduction.

The studies on autoantibodies of HCC are still in 
the initial exploration stage. There is still lack of a clear 
conclusion about whether the autoantibodies could be 
biomarkers of early diagnosis for HCC. For the current 
studies, autoantibodies have advantage of high specificity 
in early HCC. In addition, some autoantibodies can also 
assist the diagnosis of HCC when the expression of AFP 
is in the normal range. Of course, autoantibodies also 
have disadvantages. For example, anti-p53 autoantibody 
is not specific for HCC. Moreover, low sensitivity of 
autoantibodies also limits their independent application in 
clinics.

Overall, the development of tumor autoantibodies 
screening technology has greatly promoted the identification 
of autoantibodies. Compared with the pathological 
staging of HCC, serum indices using autoantibodies can 
predict the occurrence of HCC earlier. Although the 
studies of autoantibodies in HCC start late and only a few 
of autoantibodies have been identified to be associated 
with early HCC, some autoantibodies such as the DCP 
have been applied in clinics (82). The mechanisms of 
autoantibodies in HCC need to be further studied. With 
the development of the screening technology, computer 
technology and molecular biology technology, the 
diagnostic value of autoantibodies would further explored 
and validated and provide more reliable evidences for the 
diagnosis and prognosis of HCC than before (83). 
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