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ABSTRACT

Purpose: To identify Heptocellular carcinoma (HCC) associated antigens by 
proteomics, and validate whether autoantibodies against tumor-associated antigens 
(TAAs) could be used for diagnosis and conditional monitoring.

Results: The 78 kDa glucose regulated protein (GRP78) was selected as a 
candidate TAA. The titers of autoantibodies against 78 kDa glucose regulated protein 
(GRP78) from patients with HCC, liver cirrhosis (LC), and chronic hepatitis (CH) were 
VLJQL¿FDQWO\�KLJKHU�WKDQ�WKDW�IURP�QRUPDO�FRQWUROV��P<0.05, P<0.001, and P<0.01, 
respectively). The expression of autoantibodies against GRP78 was associated with 
clinical stage (P<0.01), portal vein invasion (P<0.05), and metastasis (P<0.05). The 
H[SUHVVLRQ�RI�DQWL�*53���DQWLERGLHV�ZDV�VLJQL¿FDQWO\�KLJKHU���PRQWK�DIWHU�VXUJHU\�
in recurrent patients who had accepted hepatic resection 1 month after surgery 
compared to patients who had surgery before surgery or within 1 week after surgery 
(P<0.01 and P<0.001). Immunohistochemistry (IHC) showed higher expression of 
GRP78 in HCC compared to the non-HCC liver tissues (P <0.05).

Materials and Methods: HCC serum with high titer of autoantibodies against TAAs 
were screened and used for a proteome-based approach to identify HCC associated 
antigens. Indirect enzyme-linked immunoassay (ELISA) was used to detect the 
corresponding autoantibodies against TAAs.

Conclusion: GRP78 is an autoantigen that could stimulate autoimmune responses 
and serve as a potential marker for recurrent and metastatic progression in HCC.

 INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the leading 

causes of cancer-related deaths worldwide [1]. The majority 

of patients with HCC are usually in advanced stages of 

disease with poor prognosis. Alpha fetal protein (AFP) is a 

common serum marker of HCC, however, its sensitivity and 

VSHFL¿FLW\�DUH�QRW�RSWLPDO�>����@��7KHUHIRUH��LGHQWLI\LQJ�QHZ�
biomarkers of HCC is of great clinical importance. Studies 

have demonstrated that antigenic changes in cells can be 

recognized by the immune system of patients and elicit an 

immunoreaction [4, 5]. Many autoimmune diseases such 
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as systemic lupus erythematosus (SLE) [6], diabetes [7], 

and rheumatoid arthritis (RA) [8] have been shown to have 

autoantibody responses. Many nonautoimmune diseases 

such as cancer [9–11] also have autoantibody responses-

TAAs are cellular proteins whose aberrant regulation of 

function is linked to malignancy. Autoantibodies stimulated 

by TAAs are involved in tumorigenesis. Therefore, these 

autoantibodies could be used as probes to identify antigens 

that are potentially involved in malignant transformation. 

6HYHUDO� DSSURDFKHV� DUH� DYDLODEOH� IRU� WKH� LGHQWL¿FDWLRQ�
of TAAs in cancer. For instance, serum antibodies from 

patients can be used to screen cDNA libraries to identify 

TAAs with potential value as biomarkers for cancer 

diagnosis. Several studies have used this approach to 

LGHQWLI\�7$$V�VXFK�DV�S���DQG�S���>������@��&RPSDUHG�
to the cDNA expression library immunoscreen approach, 

proteomics technology can be used to identify a large 

number of antigens and distinguish isoforms and detection 

of autoantibodies directed against post-translational 

PRGL¿FDWLRQV��370V��RI�WDUJHWV�>������@��,Q�WKLV�VWXG\��+&&�
serum with high titer of autoantibodies against TAAs were 

VFUHHQHG�DQG�LGHQWL¿HG��7KH�UHVXOWV�ZHUH�XVHG�WR�GHWHUPLQH�
whether autoantibodies to TAAs could be used for diagnosis 

and conditional monitoring in HCC.

RESULTS

Prevalence of autoantibodies in patients with 
hepatocellular carcinoma

���� +&&� SDWLHQWV�� ��� /&� SDWLHQWV�� ��� &+�
SDWLHQWV��DQG����FRQWURO�SDWLHQWV�ZHUH�UHFUXLWHG�WR�VFUHHQ�
serum samples from HCC patients with high titers of 

autoantibodies. Some patients’ sera contained high titer of 

DXWRDQWLERGLHV�DJDLQVW�VSHFL¿F�FHOOXODU�DQWLJHQV��+&&�VHUD�
ZHUH�LGHQWL¿HG�E\�:HVWHUQ�EORW�XVLQJ�DQWLERGLHV�DJDLQVW�
WKH�XQNQRZQ�����N'D�SURWHLQV������N'D�SURWHLQV�����N'D�
proteins, and 76-kDa proteins. The HCC sera contained a 

higher frequency of autoantibodies to these antigens than 

that in LC, CH, and normal human sera (NHS) groups. 

5HSUHVHQWDWLYH�:HVWHUQ�EORWV�DUH�LOOXVWUDWHG�LQ�)LJXUH���
and Supplementary Table 1.

,GHQWL¿FDWLRQ�RI�FDQGLGDWH�SURWHLQV� 
by proteomic approach

HCC serum with high titer of autoantibodies 

was selected to identify candidate proteins. Serum 

samples and HepG� cell extractions were subjected 

Figure 1: Detection of autoantibodies against cellular proteins in sera from patients with liver diseases. A. Detection of 

DXWRDQWLERGLHV�DJDLQVW�����N'D�FHOOXODU�SURWHLQV�LQ�VHUD�IURP�SDWLHQWV�ZLWK�OLYHU�GLVHDVHV��1+6�VHUD������ODQHV����������DQG�����+&&�VHUD�
�����ODQHV�����������DQG�����+&&�VHUD�����ODQHV�����������DQG�����/&�VHUD�����ODQHV�����������DQG�����B. Detection of autoantibodies against 

����N'D�FHOOXODU�SURWHLQV�LQ�VHUD�IURP�SDWLHQWV�ZLWK�OLYHU�GLVHDVHV��1+6�VHUD�����ODQHV����������DQG�����+&&�VHUD������ODQHV�����������DQG�����
+&&�VHUD������ODQHV�����������DQG�����&+�VHUD�����ODQHV�����������DQG�����C. Detection of autoantibodies against 98-kDa cellular proteins 

LQ�VHUD�IURP�SDWLHQWV�ZLWK�OLYHU�GLVHDVHV��1+6�VHUD�����ODQHV�����������DQG�����+&&�VHUD������ODQHV�����������DQG�����+&&�VHUD������ODQHV����
�������DQG�����/&�VHUD��ODQHV�����������DQG�����&+�VHUD�����ODQHV������������DQG�����D. Detection of autoantibodies against 76-kDa cellular 

SURWHLQV�LQ�VHUD�IURP�SDWLHQWV�ZLWK�OLYHU�GLVHDVHV��1+6�VHUD������ODQHV����������DQG�����+&&�VHUD������ODQHV�����������DQG�����+&&�VHUD������
ODQHV�����������DQG�����&+�VHUD�����ODQHV�����������DQG�����+&&��KHSDWRFHOOXODU�FDUFLQRPD��/&��OLYHU�FLUUKRVLV��&+��FKURQLF�KHSDWLWLV��1+6��
normal human serum.
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to immunoprecipitation followed by SDS-PAGE and 

coomassie blue staining. Target gels were analyzed 

E\� /&�06�06�� ,Q� WRWDO�� ���� SURWHLQV� ZHUH� LGHQWL¿HG�
�6XSSOHPHQWDU\� 7DEOH� ���� (LJKW� FDQGLGDWH� SURWHLQV��
including Alpha-actinin-4 (ACTN4), ATP-citrate synthase 

LVRIRUP� �� �$&/<��� H[SRUWLQ��� LVRIRUP�� �&6(�/���
HQGRSODVPLQ�SUHFXUVRU��75$����KHDW�VKRFN�SURWHLQ�����
N'D� �+63+���� KHDW� VKRFN� ��� N'D� SURWHLQ� �� �+63$����
78 kDa glucose regulated protein precursor (GRP78), 

and heat shock protein 75 kDa (TRAP1) were selected 

based on bioinformation standards, test reliability, and 

targeted molecular weight (Table 1). These proteins 

were primarily located in the cytoplasm and involved in 

biological processes such as protein transport, localization, 

programmed cell death, and associated with molecular 

functions such as stress response, and antigen processing 

RU�SUHVHQWDWLRQ��7DEOH����

Detection of autoantibodies in sera from 173 
HCC patients

Eight recombinant candidate proteins were 

commercially purchased and further used as coating 

DQWLJHQV�LQ�(/,6$�IRU�WKH�GHWHFWLRQ�RI�DXWRDQWLERGLHV�LQ�
VHUD� IURP�����+&&�SDWLHQWV������/&�SDWLHQWV������&+�
SDWLHQWV� DQG� ���FRQWURO� SDWLHQWV�� 0RVW� DXWRDQWLERGLHV�
DJDLQVW� SURWHLQV� VXFK� DV� *53���� &6(�/�� $&/<��
GRP78, ACTN4, and HSPH1 had different expression 

levels when compared among HCC, LC, CH, and NHS 

groups (P��������7KH�H[SUHVVLRQ�RI�DQWL�*53���LQ�+&&�
was higher than in the NHS (P������� DQG� LQ� WKH� HDUO\�
+&&�FRPSDUHG� WR�1+6�JURXS� �)LJXUH��$���&RPSDUHG�
with early-HCC, LC, CH, and NHS group, the titer of 

autoantibodies against GRP78 in early stage of HCC, LC, 

DQG�&+�JURXSV�ZHUH� VLJQL¿FDQWO\� KLJKHU� WKDQ� FRQWUROV�
�)LJXUH� �%��� 7DEOH� �� GHPRQVWUDWHV� WKH� IUHTXHQF\� RI�
serum autoantibodies against GRP78. The prevalence 

of anti-GRP78 autoantibodies in the HCC (P�������
and LC (P������� JURXSV�ZDV� VLJQL¿FDQWO\� KLJKHU� WKDQ�
WKDW� LQ� 1+6� JURXSV�� 7KH� VHQVLWLYLW\� DQG� VSHFL¿FLW\� RI�
anti-GRP78 autoantibody detection in HCC were 7.5% 

and 94.4%. Meanwhile, the positive predictive value 

and negative predict value of anti-GRP78 autoantibody 

GHWHFWLRQ�LQ�+&&�ZHUH�������DQG��������PHDQ���6'�
of NHS samples was used as a cutoff value). The titer of 

anti-GRP78 autoantibodies was different in sera of HCC 

patients at different stages of disease (P��������7KH�WLWHU�RI�
anti-GRP78 autoantibodies showed a decreasing tendency 

LQ�VWDJH�,��,,��DQG�,,,��7KH�WLWHU�LQ�VHUD�IURP�+&&�SDWLHQWV�
ZLWK�VWDJH�,9�ZDV�KLJKHU�WKDQ�WKRVH�LQ�RWKHU�VWDJHV��)LJXUH�
�&���7KH� WLWHU� RI� DQWL�*53��� DXWRDQWLERGLHV� FRUUHODWHG�
with clinical and pathological characteristics (both 

P��������)LJXUH��'���$XWRDQWLERG\�DJDLQVW�*53���KDG�QR�
UHODWLRQVKLS�ZLWK�$)3��,QWHUHVWLQJO\��ERWK�$)3�DQG�DQWL�
*53���DXWRDQWLERG\�ZDV�RQO\�GHWHFWHG�LQ�VHUD�RI��RI�����
+&&�SDWLHQWV��7KH�FRQFHQWUDWLRQ�RI�$)3�LQ������������

+&&� SDWLHQWV� ZDV� !���� QJ�PO� DQG� !��� QJ�PO� LQ� ����
��������+&&�SDWLHQWV��:KHQ�ERWK�$)3�DQG�DQWL�*53���
autoantibody were used simultaneously as biomarkers, 98 

������+&&�SDWLHQWV��$)3!����QJ�PO��DQG�������������
+&&�SDWLHQWV��$)3!��QJ�PO��ZHUH�SRVLWLYH��UHVSHFWLYHO\�

Validation of Anti-GRP78 antibodies as 
biomarkers for monitoring curative effects in 
HCC patients

The expression of anti-GRP78 autoantibodies 

LQ� ���� +&&� SDWLHQWV� ZLWKLQ� �� ZHHN� DIWHU� WUHDWPHQW�
ZDV� VLJQL¿FDQWO\� GHFUHDVHG� FRPSDUHG� WR�+&&�SDWLHQWV�
EHIRUH� WUHDWPHQW� �3��������� 7KHUH� ZDV� QR� FKDQJH� LQ�
the expression of anti-GRP78 autoantibodies in patients 

ZLWKRXW� VXUJHU\� �)LJXUH� �(��� 7KH� WLWHU� RI� DQWL�*53���
DXWRDQWLERGLHV� ZDV� VLJQL¿FDQWO\� KLJKHU� �� PRQWK� DIWHU�
surgery in recurrent patients who accepted hepatic 

resection compared to patients before surgery or within 1 

ZHHN�DIWHU�VXUJHU\��)LJXUH��)���7KHUH�ZHUH�QR�VLJQL¿FDQW�
differences in the titer of anti-GRP78 autoantibodies in 

QRQ�UHFXUUHQW�+&&�SDWLHQWV��(LJKWHHQ������RI�����+&&�
patients were tested for AFP before and after 1 week of 

WUHDWPHQW�� 7KH� FRQFHQWUDWLRQ� RI�$)3� ZDV� VLJQL¿FDQWO\�
GHFUHDVHG� ZLWKLQ� �� ZHHN� DIWHU� WUHDWPHQW� �3� ���������
%RWK�WKH�VXUJHU\�DQG�WUHDWPHQW�JURXSV�VKRZHG�GHFUHDVHG�
AFP, which was different from that of anti-GRP78 

DXWRDQWLERGLHV��$)3�FRQFHQWUDWLRQ�LQ����UHFXUUHQW�+&&�
patients declined one month after surgery compared to 

EHIRUH� VXUJHU\� �3��������:H� IRXQG�$)3� GHFOLQHG� LQ� ��
recurrent HCC patients who had detectable levels of both 

AFP and GRP78 autoantibodies before surgery and 1 

month after surgery while only the titer of autoantibodies 

against GRP78 was elevated 1 month after surgery.

Intense perinuclear staining pattern detected in 
+H/D�FHOOV�E\�LQGLUHFW�LPPXQRÀXRUHVFHQFH�DVVD\�
with representative positive HCC serum

HCC serum with anti-GRP78 positive expression 

had a perinuclear staining pattern which was similar to 

that shown by polyclonal anti-GRP78 antibody (Figure 

����:KHQ� WKH� VDPH� +&&� VHUXP� ZDV� SUH�DEVRUEHG� E\�
UHFRPELQDQW�*53���SURWHLQ��WKH�ÀXRUHVFHQW�VWDLQLQJ�ZDV�
VLJQL¿FDQWO\�UHGXFHG�

Expression of GRP78 in different cancer cell 
lines

+&7� ����� %[3&���� DQG� /1&DS� &��� FHOO� OLQHV�
VKRZHG�VWURQJHU�UHDFWLYH�EDQGV�FRPSDUHG�WR�+.����$������
DQG�1&,�+�����FHOO�OLQHV�ZKHQ�DQDO\]HG�E\�:HVWHUQ�EORW�
�)LJXUH��$���7KH�OLYHU�FDQFHU�FHOO�OLQHV�+HS�%��+HS*�, 

600&������� DQG� OLYHU� FHOO� OLQH�/2�� VKRZHG� VWURQJHU�
*53���H[SUHVVLRQ�WKDQ�+&&��+XK�������DQG�+HS*�������
�)LJXUH��%��
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Expression of GRP78 in HCC tissues

7KH�H[SUHVVLRQ�RI�*53���LQ����+&&�WLVVXHV�����/&�
tissues, 11 CH tissues and 4 normal liver tissues are shown 

LQ�)LJXUH����$OO�+&&�WLVVXHV����������ZHUH�SRVLWLYH�IRU�
GRP78 staining. GRP78-positive staining was observed in 

the cytoplasm of the cancer cells. Sixteen (16) of 18 LC, 9 

RI����&+�DQG���RI���QRUPDO�OLYHU�WLVVXHV�ZHUH�SRVLWLYH�IRU�
GRP78 staining. The positive rate of GRP78 in the HCC 

group was higher than in the non-HCC group (P��������7KH�
expression of GRP78 in the HCC, LC, CH and normal liver 

WLVVXHV�DUH�VKRZQ�LQ�7DEOH����,Q�+&&��*53���ZDV�H[SUHVVHG�

7DEOH����3DUWLDO�UHVXOWV�RI�SURWHLQV�LGHQWL¿HG�E\�PDVV�VSHFWURPHWU\

No. Accession 
no.

,GHQWL¿HG�SURWHLQV Score Coverage Unique 
peptides

MW(kDa)

1 �������� LQWHUOHXNLQ�HQKDQFHU�ELQGLQJ�IDFWRU���LVRIRUP�F ����� ����� � 74.6

� �������� polyubiquitin-C 41.81 ������ � 77

� ������� DNA replication licensing factor MCM6 85.89 ����� 6 ����

4 �������� O\PSKRLG�VSHFL¿F�KHOLFDVH � 1.19% 1 97

5 4557469 $3���FRPSOH[�VXEXQLW�EHWD�LVRIRUP�E 56.89 ����� 5 �����

6 �������� $3���FRPSOH[�VXEXQLW�DOSKD���LVRIRUP�� ����� ����� � �����

7 ��������� KN motif and ankyrin repeat domain- containing 

SURWHLQ���LVRIRUP��
� 1.41% 1 91.1

8 ��������� KH[RNLQDVH���LVRIRUP�+.,�WG 58.11 7.51% 6 ���

9 ��������� P\RVLQ����LVRIRUP�� ����� ����� 1 �����

�� �������� ATP-binding cassette sub-family F member 1 

isoform a

� ����� 1 95.9

11 �������� staphylococcal nuclease domain-containing 

protein 1

����� ����� 5 �����

�� �������� KLVWRQH�+�%�W\SH���' ����� 15.87% � ����

�� �������� GHVPRSODNLQ�LVRIRUP�, ����� ����� 8 �����

14 16579885 ��6�ULERVRPDO�SURWHLQ�/� ����� ����� 1 47.7

15 ������� '1$�UHSOLFDWLRQ�OLFHQVLQJ�IDFWRU�0&0� ����� 6.81% 5 ����

16 �������� KHDW�VKRFN����N'D�SURWHLQ��/ 59.45 5.96% � 94.5

17 �������� 78 kDa glucose-regulated protein precursor � ����� 1 ����

18 �������� heterogeneous nuclear ribonucleoprotein U-like 

protein 1 isoform d

����� ����� 1 84.7

19 ������� endoplasmin precursor ������ ������ 15 ����

�� �������� pre-rRNA-processing protein TSR1 homolog � ����� 1 91.8

�� 189458817 transferrin receptor protein 1 ������ ������ 14 84.8

�� �������� QLEDQ�OLNH�SURWHLQ���LVRIRUP�� ���� ����� 1 ����

�� ������� KLVWRQH�+��� ����� ����� � ����

�� �������� DNA replication licensing factor MCM4 ����� 8.46% 6 96.5

�� �������� FRQGHQVLQ�FRPSOH[�VXEXQLW�� ����� 1.48% 1 ����

�� ��������� immunoglobulin lambda-like polypeptide 5 

isoform 1

������ ������ 6 ��

�� ��������� IDU�XSVWUHDP�HOHPHQW�ELQGLQJ�SURWHLQ�� ����� ����� 1 61.6

�� �������� catenin alpha-1 � ����� 1 ���
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Table 2: Candidate 8 proteins selected as hepatocellular carcinoma associated antigens

No. Accession 
no.

,GHQWL¿HG�SURWHLQV Score Unique peptides Protein functions

1 �������� alpha-actinin-4 ������ �� ,QYROYHG�LQ�WLJKW�MXQFWLRQ�DVVHPEO\�LQ�
epithelial cells

� �������� ATP-citrate synthase isoform 

�
94.99 �� Enzyme for the synthesis of cytosolic 

acetyl-CoA

� �������� H[SRUWLQ���LVRIRUP�� ����� �� Export receptor for importin-alpha

4 ������� endoplasmin precursor ����� 15 Process and transport of secreted 

proteins

5 �������� KHDW�VKRFN�SURWHLQ�����N'D ������ 9 Prevent the aggregation of denatured 

proteins in cells

6 �������� KHDW�VKRFN����N'D�SURWHLQ�� ������ �� ATP binding

7 �������� 78 kDa glucose regulated 

protein precursor

������� �� Facilitate the assembly of protein 

complexes inside the endoplasmic 

reticulum

8 ��������� heat shock protein 75 kDa ������ �� Chaperone that express an ATPase 

activity

Figure 2: Titer of anti-GRP78 autoantibodies in human serum samples. A. Comparison of the titer of anti-GRP78 autoantibodies 

in HCC with the other groups. B. Comparison the titer of anti-GRP78 autoantibodies in early-HCC with the other groups. C. Titer of 

anti-GRP78 autoantibodies in sera from HCC patients with different clinical stages. D. Titer of anti-GRP78 autoantibodies from HCC 

patients with and without portal vein invasion and metastasis. E. The comparision of anti-GRP78 autoantibodies in sera from HCC patients 

before treatment and within 1 week after treatment. F. The comparision of anti-GRP78 autoantibodies in sera from HCC patients with 

UHFXUUHQFH�EHIRUH�VXUJHU\��ZLWKLQ���ZHHN�DIWHU�VXUJHU\��DQG���PRQWK�DIWHU�VXUJHU\��*53�������N'D�JOXFRVH�UHJXODWHG�SURWHLQ��1+6��QRUPDO�
KXPDQ�VHUXP��&+��FKURQLF�KHSDWLWLV��/&��OLYHU�FLUUKRVLV��+&&��KHSDWRFHOOXODU�FDUFLQRPD��139,��QRQ�SRUWDO�YHLQ�LQYDVLRQ��39,��SRUWDO�YHLQ�
LQYDVLRQ��10��QRQ�PHWDVWDVLV��0��PHWDVWDVLV�����EHIRUH�VXUJHU\�����ZLWKLQ���ZHHN�DIWHU�VXUJHU\�������PRQWK�DIWHU�VXUJHU\�
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LQ�WKH�KLJK�JUDGHV����������ZKLOH�*53���LQ�QRQ�+&&�JURXS�
ZDV�PDLQO\�H[SUHVVHG�LQ�WKH�ORZ�JUDGHV����������P���������
The expression of GRP78 had no correlation with clinical 

or pathological characteristics such as gender, tumor size, 

KLVWRORJLFDO�JUDGH��FOLQLFDO�VWDJH��FDSVXODU�LQ¿OWUDWLRQ��SRUWDO�
vein invasion, lymphatic metastasis and distant metastasis.

DISCUSSION

GRP78, also known as immunoglobulin heavy chain 

ELQGLQJ�SURWHLQ��%LS��>��@��EHORQJV�WR�WKH�KHDW�VKRFN�SURWHLQ�
���IDPLO\��*53���ORFDOL]HV�WR�WKH�HQGRSODVPLF�UHWLFXOXP�
(ER) and is involved in proper protein folding and 

assembly, proteosome degradation of misfolded proteins, 

ER Ca
��

 binding, and the activation of transmembrane ER 

VWUHVV�VHQVRUV�>������@��,W�LV�UHSRUWHG�WKDW�GHUHJXODWLRQ�RI�
GRP78 has a causal relationship with tumor occurrence 

DQG�SURJUHVVLRQ�>��±��@��7KH�SUHVHQW�VWXG\�VKRZHG�WKDW�WKH�
expression of GRP78 was higher in HCC than non-HCC 

groups, suggesting that GRP78 may be associated with 

+&&�RFFXUUHQFH�DQG�SURJUHVVLRQ��=KHQJ�HW�DO��>��@�IRXQG�
that GRP78 expression in gastric carcinoma was positively 

linked to tumor size, depth of invasion, lymphatic and 

YHQRXV� LQYDVLRQ�� O\PSK� QRGH� PHWDVWDVLV�� DQG� 8,&&�
VWDJLQJ��:H� GLG� QRW� ¿QG� DQ\� UHODWLRQVKLS� EHWZHHQ� WKH�
expression of GRP78 and clinicopathological features of 

HCC. This may be due to the limited number of specimens. 

This study revealed a high expression level of GRP78 in 

WKH�/1&DS�&����+&7������%[3&����DQG�+HS��%�FDQFHU�
FHOO�OLQHV�DQG�ZHDN�H[SUHVVLRQ�LQ�WKH�+.����1&,�+������
+XK��������DQG�+89(&�FHOO�OLQHV��:KHWKHU�*53���FDQ�
be regarded as a biomarker for different types of cancer 

warrants further investigation.

2XU� UHVXOWV� LQGLFDWHG� WKDW� IUHTXHQF\� RI�
autoantibodies against GRP78 in sera from patients 

ZLWK� +&&� DQG� /&� ZHUH� VLJQL¿FDQWO\� KLJKHU� WKDQ� WKDW�
in sera from normal controls. Further analysis indicated 

that the expression level of autoantibodies against 

GRP78 was associated with clinical stage, portal vein 

LQYDVLRQ��DQG�PHWDVWDVLV�� ,QWHUHVWLQJO\�� WKH� WLWHU�RI�DQWL�
*53���DXWRDQWLERGLHV�GHFUHDVHG� IURP�FOLQLFDO� VWDJH,WR�
VWDJH� ,,,��EXW� LQFUHDVHG� LQ� WKH�VWDJH� ,9��7KH�H[SUHVVLRQ�

of anti-GRP78 autoantibodies increased in metastasis 

SDWLHQWV��2QH�RI�WKH�KDOOPDUNHUV�RI�FDQFHU�LV�WKH�HYDVLRQ�
RI�LPPXQH�GHVWUXFWLRQ�>��@��ZKLFK�PD\�EH�DVVRFLDWHG�ZLWK�
WKH�DERYH�SKHQRPHQRQ��,QWUDFHOOXODU�SURWHLQV�LQYROYHG�LQ�
carcinogenesis have been shown to provoke autoantibody 

UHVSRQVHV�>��±��@��:H�EHOLHYH�WKLV�WR�EH�RQH�UHDVRQ�IRU�WKH�
KLJKHU�H[SUHVVLRQ�RI�DQWL�*53���LQ�VWDJH�,9�+&&�

'HIUHVQH� HW� DO�� >��@� IRXQG� WKDW� DQ� LQFUHDVH� LQ�
GRP78 auto-antibody titer preceded the detection of a 

palpable tumor mass. This study showed the average titer 

of anti-GRP78 autoantibodies was higher in the early 

stage of HCC. Although our study showed the titer of 

autoantibodies against GRP78 in early-HCC, LC, and 

&+� JURXSV� ZDV� VLJQL¿FDQWO\� KLJKHU� WKDQ� 1+6� JURXS��
there was no difference among early-HCC, LC, and CH 

groups. The study also showed that the titer of anti-GRP78 

DXWRDQWLERGLHV�LQ�/&�JURXS�ZDV�VLJQL¿FDQWO\�KLJKHU�WKDQ�
FRQWUROV��:H� VXJJHVW�7$$� DXWRDQWLERGLHV� DSSHDU� \HDUV�
before the detection of cancer. This is supported by a 

SUHYLRXV� UHSRUW� >��@��7KH� VHQVLWLYLW\� DQG� VSHFLWLYLW\� RI�
anti-GRP78 autoantibody for HCC diagnosis were 7.5% 

DQG� ������� UHVSHFWLYHO\�� %RWK� WKH� SUHYDOHQFH� RI� DQWL�
GRP78 autoantibodies in HCC and LC groups were 

VLJQL¿FDQWO\�KLJKHU�WKDQ�WKDW�LQ�1+6�JURXSV��)XUWKHUPRUH��
QRQH� RI� WKH� ���$)3� QHJDWLYH�+&&� SDWLHQWV�ZHUH� DQWL�
*53���DXWRDQWLERG\�SRVLWLYH��2XU� UHVXOWV� LQGLFDWH� WKDW�
anti-GRP78 autoantibody may not be used for diagnosis 

of HCC because of its low sesitivity in HCC.

To compare changes in anti-GRP78 autoantibodies 

before and after treatments, HCC patients were divided 

into surgery and non-surgery groups. Anti-GRP78 

DXWRDQWLERGLHV�GHFUHDVHG�VLJQL¿FDQWO\� LQ� VXUJHU\�JURXS�
but no differences were observed in the non-surgery 

group. Previous reports found that chemotherapy and 

radiotherapy differentially affect the anti-GRP78 immune 

response. Moreover, radiation increased the concentration 

of GRP78 auto-Ab and chemotherapy reduced the 

concentration of GRP78 auto-Ab. Different treatments 

may have different effects on anti-TAA autoantibodies. 

:H�VSHFXODWH�WKDW�KHSDWLF�UHVHFWLRQ�UHGXFHV�WXPRU�EXUGHQ�
and reduces the production of GRP78 antigens and anti-

GRP78 antibodies.

Table 3: Frequency of autoantibodies against GRP78 in human serum samples by ELISA

Type of serum No. tested Frequency(patients with autoantibody/total patients 
with disease)

HCC ��� �������������


LC ��� ��������������


CH ��� ������������
NHS ��� ����������

&XWRII�YDOXH��PHDQ����6'�RI�1+6�VDPSOHV��

3��������3�YDOXH�UHODWLYH�WR�1+6�
$EEUHYLDWLRQV��*53�������N'D�JOXFRVH�UHJXODWHG�SURWHLQ��+&&��KHSDWRFHOOXODU�FDUFLQRPD��/&��OLYHU�FLUUKRVLV��&+��FKURQLF�
KHSDWLWLV��1+6��QRUPDO�KXPDQ�VHUXP�
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This study also showed that the expression level of 

anti-GRP78 autoantibodies differed before surgery and 

after surgery in recurrent HCC patients. The titer of anti-

GRP78 autoantibodies before surgery was higher than 

that within 1 week after surgery, and lower than that1 

month after surgery. The expression level of anti-GRP78 

autoantibodies was detected in HCC serum at 1-15 months 

after surgery. Therefore, we speculated that the decrease 

then increase titer of anti-GRP78 autoantibodies after 

surgery may predict recurrence or metastasis. The fact that 

the titer of anti-GRP78 autoantibodies was more sensitive 

than AFP suggests that anti-GRP78 autoantibodies may 

serve as a potential marker for tumor recurrence and 

metastatic progression.

,Q�FRQFOXVLRQ��ZH�LGHQWL¿HG�D�KLJK�OHYHO�RI�DQWL�
GRP78 autoantibodies in HCC and recurrent HCC 

patients, as well as a high expression of GRP78 in 

HCC. Due to similar titers of anti-GRP78 between liver 

)LJXUH����5HSUHVHQWDWLYH�LPPXQRÀXRUHVFHQFH�VWDLQLQJ�SDWWHUQ�RI�DQWL�*53���DQWLERG\�SRVLWLYH�+&&�VHUXP�VDPSOHV� A. A normal 

human serum sample. B. A representative anti-GRP78 antibody positive HCC serum sample. C.�7KH�VDPH�+&&�VHUXP�VDPSOH�LQ�%�ZDV�SUH�
absorbed with recombinant GRP78 protein. D.�3RO\FORQDO� DQWL�*53���DQWLERG\�ZKLFK� VKRZHG�D�SHULQXFOHDU� LPPXQRÀXRUHVFHQFH� VWDLQLQJ�
SDWWHUQ�ZDV�XVHG�DV�SRVLWLYH�FRQWURO��$EEUHYLDWLRQV��*53�������N'D�JOXFRVH�UHJXODWHG�SURWHLQ��+&&��KHSDWRFHOOXODU�FDUFLQRPD���î����
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Figure 4: The expression of GRP78 in different cancer cell lines and the reaction of GRP78 with different serum 
samples. A. The expression of GRP78 in other cancer cell lines. B. The expression of GRP78 in liver cancer cell lines.

Figure 5: The expression of GRP78 in different liver tissues by immunohistochemistry. A. a normal liver tissue. B. a liver 

tissue with chronic hepatitis. C. a liver tissue with liver cirrhosis. D.�D�OLYHU�WLVVXH�ZLWK�KHSDWRFHOOXODU�FDUFLQRPD���î���



Oncotarget24836www.impactjournals.com/oncotarget

cirrhosis group and HCC group, anti-GRP78 cannot 

be used as a diagnostic maker for HCC. The current 

data does not provide enough evidence to support 

*53���LQ�FDUFLQRJHQHVLV��:H�VXJJHVW�WKDW�$QWL�*53���
autoantibody may be used to monitor metastasis of 

HCC, indicate recurrence after hepatic resection, and 

PRQLWRU� WKH� HI¿FDF\� RI� VXUJHU\�� )XUWKHU� VWXGLHV�ZLWK�
larger sample size and detailed pathological information 

are warranted.

MATERIALS AND METHODS

Patient characteristics

The number of total participants was 561, including 

����+&&�� ����/&�� ����&+�� DQG� ���� QRUPDO� FRQWUROV��
����+&&�SDWLHQWV�����/&�SDWLHQWV�����&+�SDWLHQWV��DQG�
��� FRQWURO� SDWLHQWV� ZHUH� UHFUXLWHG� WR� VFUHHQ� VHUXP� RI�
HCC patients with high titers of autoantibodies against 

7$$V� E\�:HVWHUQ� EORW� �FRKRUW� ���� ���� +&&� SDWLHQWV��
���� /&� SDWLHQWV�� ���� &+� SDWLHQWV�� DQG� ���� FRQWURO�
patients were recruited to detect the serum levels of 

autoantibodies against eight candidate TAAs (cohort 

���� ���� +&&� SDWLHQWV� ZHUH� UHFUXLWHG� WR� GHWHFW� WKH�
changes of autoantibodies against TAAs before and after 

treatment such as hepatic resection, liver transplantation, 

transcatheter arterial chemoembolization, radiofrequency 

DEODWLRQ�HWF��FRKRUW�����7KLV�VWXG\�ZDV�DSSURYHG�E\�WKH�
(WKLFV�FRPPLWWHH�RI�7KH�)LUVW�$I¿OLDWHG�+RVSLWDO�RI�;L¶DQ�
Jiaotong University.

Serum samples and tissue specimens

Serum and liver tissue specimens from patients 

ZLWK�+&&��/&��&+�ZHUH�FROOHFWHG� IURP�2FWREHU������
WR�2FWREHU������LQ�7KH�)LUVW�$I¿OLDWHG�+RVSLWDO�RI�;L¶DQ�
-LDRWRQJ�8QLYHUVLW\��;L¶DQ��6KDQQ[L��&KLQD��+&&�VHUXP�
VDPSOHV� �FRKRUW� �� DQG� FRKRUW� ���ZHUH� FROOHFWHG� EHIRUH�
patients were treated with chemotherapy, radiotherapy 

RU� VXUJHU\�� +&&� VHUXP� VDPSOHV� IURP� FRKRUW� �� ZHUH�
collected before and after treatment. All blood samples 

ZHUH�REWDLQHG�E\�FHQWULIXJDWLRQ�DW�������USP�IRU���PLQ�
DQG�VWRUHG�DW�����&�

Cell culture and cell extracts

(LJKWHHQ�FHOO�OLQHV��+HS*���+HS�%��600&�������
++&&��+XK�������+HS*��������0&)���%[3&����+H/D��
6L+D��+&7������1&,�+������/1&DS�&����$������+.�
���/2���%($6��%��DQG�+89(&�ZHUH�REWDLQHG�IURP�WKH�
'HSDUWPHQW�RI�7UDQVIRUPDWLRQ�0HGLFDO�&HQWHU�RI�;L¶DQ�
Jiaotong University.

Western blotting

+HS*���1&,�+������+H/D��DQG�0&)��FDQFHU�FHOO�
O\VDWHV� ZHUH� HOHFWURSKRUHVHG� RQ� ���� VRGLXP� GRGHF\O�
sulfate polyacrylamide gel electropheresis (SDS-PAGE) 

DQG� WUDQVIHUUHG� WR� SRO\YLQ\OLGHQH� ÀXRULGH� �39')��
membranes to screen the autoantibody-positive serum. 

7KH� PHPEUDQHV� ZHUH� LQFXEDWHG� ZLWK� ������ GLOXWLRQ� RI�
human serum for 8 h, and then incubated with horseradish 

SHUR[LGDVH��+53��FRQMXJDWHG�JRDW�DQWL�KXPDQ�,J*���������
GLOXWLRQ���$EFDP�,QF��&DPEULGJH��0$��86$���$Q�HQKDQFHG�
FKHPLOXPLQHVFHQFH�NLW��0LOOLSRUH�&RUSRUDWLRQ��%LOOHULFD��
MA, USA) was used to detect immunoreactive bands.

Immunoprecipitation

+HS*�� &HOOV� H[WUDFWV� ZHUH� SUHSDUHG� E\� UH�
suspending cells in 1.5 ml of radioimmunoprecipitation 

DVVD\� �5,3$�� O\VLV� EXIIHU�� VRQLFDWLQJ� IRU� �� PLQ� DQG�
FHQWULIXJLQJ� DW� ������� USP� IRU� ��PLQ� DW� �� �&�� 7KH�
+HS*��DQWLJHQ�V��ZHUH� LPPXQRSUHFLSLWDWHG�IURP�WKHVH�
VDPSOHV�XVLQJ�WKH�,3�.LW��,QYLWURJHQ��86$��DFFRUGLQJ�WR�
PDQXIDFWXUHU¶V�LQVWUXFWLRQV��%ULHÀ\��DQWLERGLHV�IURP�+&&�
serum was immobilised on dynabeads. The antigen (whole 

FHOO�H[WUDFWV�RI�+HS*��FHOOV��ZDV�DGGHG�WR�LPPRELOLVHG�
antibody gel mixture together with binding buffer on 

a rocking platform at room temperature. The antigens 

were eluted from the beads into the elution buffer using 

microcentrifuge spin cups.

SDS-PAGE electrophoresis and in-Gel digestion

Following gel electrophoresis, gels were stained 

ZLWK� %ULOOLDQW� %OXH� &ROORLGDO� &RRPDVVLH� WR� YLVXDOLVH�

Table 4: Expression of GRP78 in patients’ liver tissues with different diseases

Group Expression of GRP78 P

I(%) II(%) III(%) IV(%)

HCC ������� �������� ��������� 17 (44.7) �����

LC �������� ��������� �������� 1 (5.6) �����

CH �������� 6 (54.5) �������� 1 (9.1) �����

N �������� �������� �������� �������

$EEUHYLDWLRQV��*53�������N'D�JOXFRVH�UHJXODWHG�SURWHLQ��+&&��KHSDWRFHOOXODU�FDUFLQRPD��/&��OLYHU�FLUUKRVLV��&+��FKURQLF�
KHSDWLWLV��1��QRUPDO�OLYHU�WLVVXH��3�YDOXH�UHODWLYH�WR�QRUPDO�OLYHU�WLVVXH�
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precipitated proteins. Target gels were excised 

IURP� WKH� JHO� DQG� GHVWDLQHG� ZLWK� ���� P/� RI� ���� P0�
NH

4
+&2������ DFHWRQLWULOH� �$&1��� 3URWHLQV� ZHUH� LQ�

JHO�UHGXFHG�ZLWK�����P0�'77�IRU����PLQ�DW����&�DQG�
6�DON\ODWHG� ZLWK� ���� P0� LRGRDFHWDPLGH� IRU� ��� PLQ�
LQ� WKH� GDUN��*HO� SDUWLFOHV�ZHUH�ZDVKHG�ZLWK� ����P0�
NH

4
+&2� and dehydrated for 5 min at room temperature 

LQ������$&1��WKHQ�GULHG�E\�6SHHG�9DF��7U\SVLQ�*ROG�
VROXWLRQ� �3URPHJD�� :,�� ZDV� XVHG� WR� UHK\GUDWH� JHO�
DW����&�IRU����K��$OO�H[WUDFWV�ZHUH�FROOHFWHG�LQ�D�QHZ�
PLFURFHQWULIXJH�WXEH�DQG�GULHG�E\�6SHHG�9DF��7KH�WU\SWLF�
SHSWLGHV�ZHUH�UHVXVSHQGHG�LQ������IRUPLF�DFLG�IRU�/&�
MS/MS analysis.

Liquid chromatography-tandem mass 
spectrometry (LC-MS/MS) analysis

After in-Gel Digestion, the freeze-dried samples 

ZHUH�UHVXVSHQGHG�LQ������IRUPLF�DFLG�DQG�GHVDOWHG�E\�&���
peptide traps. Peptides were separated in a C18 capillary 

FROXPQ� ����� PP�� ���� c��$JLOHQW� 7HFKQRORJLHV�� 6DQWD�
Clara, CA). Eluted peptides were subjected to LC-MS/

06�DQDO\VLV��XVLQJ�QDQRHOHFWURVSUD\�LRQL]DWLRQ��7UL9HUVD�
NanoMate system, Advion) coupled to a linear ion trap-

PDVV� VSHFPHWHU� �/74� ;/�� 7KHUPR�)LVKHU� 6FLHQWL¿F���
All MS/MS data were searched against the human 

SURWHLQ�GDWDEDVH�IURP�1DWLRQDO�&HQWHU�IRU�%LRWHFKQRORJ\�
,QIRUPDWLRQ��1&%,��QRQUHGXQGDQW�GDWDEDVH�E\�%LRZRUNV�
YHUVLRQ� ���� VRIWZDUH� �6(48(67�� 7KHUPR� (OHFWURQ��
LQVWDOOHG�RQ�D�ORFDO�VHUYHU��6(48(67�¿OWHU�FULWHULD�ZHUH�
XVHG�DV�IROORZV��FKDUJH� ����;FRUU��������FKDUJH� ����;FRUU�
�������FKDUJH� ����;FRUU���������'HOWD&Q��������

Bioinformatics analysis

%LRLQIRUPDWLRQ�ZDV�REWDLQHG� IURP�ZHEVLWHV� VXFK�
DV�KWWS���ZZZ�XQLSURW�RUJ��KWWS���QFEL�QOP�QLK�JRY��KWWS���
JHQHRQWRORJ\�RUJ��KWWS���GDYLG�DEFF�QFLIFUI�JRY��DQG�KWWS���
www.genome.jp/kegg. Target proteins were selected 

EDVHG�RQ�WKH�IROORZLQJ�FULWHULD�����$Q�LRQ�VFRUH�FXWRII�RI�
���WR�HQVXUH�WKH�TXDOLW\�RI�YDOLG�SHSWLGHV�DQG�WR�UHPRYH�
UHGXQGDQW� SURWHLQ� KLWV�� DQG� WKH� XQLTXHSHSWLGHV� ���� ���
6HOHFW�SURWHLQV�FORVH� WR� WKH� WDUJHW�PROHFXODU�ZHLJKW�����
Protein functions associated with tumor.

ELISA

96-well microtiter plates were coated overnight at 

��&�ZLWK�UHFRPELQDQW�SURWHLQV��3URWHLQWHFK�*URXS�,QF��
&KLFDJR�� ,/�� 86$�� DW� D� ¿QDO� FRQFHQWUDWLRQ� RI� ���� ȝJ�
PO��+XPDQ� VHUXP� ������GLOXWHG� LQ� ���%6$�3%6��ZDV�
LQFXEDWHG� IRU� �� K� DW� ���&�� +53�FRQMXJDWHG� JRDW� DQWL�
KXPDQ� ,J*� �������� GLOXWHG�� �$EFDP� ,QF�� &DPEULGJH��
0$��86$��DQG�WHWUDPHWK\OEHQ]LGLQH��70%��ZHUH�XVHG�
DV�GHWHFWLQJ�UHDJHQWV��7KH�RSWLFDO�GHQVLW\��2'��YDOXH�DW�D�
ZDYHOHQJWK�RI�����QP�ZDV�DSSOLHG�

Immunohistochemistry

6SHFLPHQV�RI����+&&�WLVVXHV�����/&�WLVVXHV�����&+�
WLVVXHV��DQG���QRUPDO�OLYHU�WLVVXH�ZHUH�GHSDUDI¿QL]HG�DQG�
rehydrated. The sections were incubated with polyclonal 

DQWL�*53���DQWLERG\��������GLOXWLRQ���3URWHLQWHFK�*URXS��
USA). HRP detection system (HRP streptavidin labeled 

DQG�SRO\YDOHQW�ELRWLQ\ODWHG� OLQNHG�� DQG�'$%�VXEVWUDWH�
kit were used as detecting reagents (Zhongshanjinqiao, 

China). Two independent pathologists evaluated and 

VFRUHG�WKH�,+&�VWDLQLQJ��6FRULQJ�RI�F\WRSODVPLF�*53���
staining was evaluated as previously reported [16].

Absorption of antibodies with recombinant 
protein

6HUXP� ������ GLOXWLRQ�� ZDV� LQFXEDWHG� ZLWK�
UHFRPELQDQW� *53��� SURWHLQ� RYHUQLJKW� DW� ��&�� DQG�
WKHQ� FHQWULIXJHG� DW� ������� [� J� IRU� ��� PLQ�� 7KH�
¿QDO� FRQFHQWUDWLRQ� RI� WKH� SURWHLQ� GLOXWHG� ZLWK� +&&�
VHUXP� ZDV� ����� ȝJ�ȝO�� 7KH� VXSHUQDWDQW� ZDV� XVHG� IRU�
LPPXQRÀXRUHVFHQFH�DVVD\�

,QGLUHFW�LPPXQRÀXRUHVFHQFH

,QGLUHFW� LPPXQRÀXRUHVFHQFH� ZDV� SHUIRUPHG� WR�
FRQ¿UP� WKH� UHDFWLYLW\� RI� DQWL�*53��� DXWRDQWLERGLHV�
in HCC serum samples and the intracellular location of 

*53����7KH�GLOXWHG�KXPDQ�VHUD��������ZDV�LQFXEDWHG�ZLWK�
UHFRPELQDQW�SURWHLQ��¿QDO�FRQFHQWUDWLRQ�RI�UHFRPELQDQW�
SURWHLQ�LQ�WKH�GLOXWHG�KXPDQ�VHUD�ZDV�����ȝJ�ȝO��RYHUQLJKW�
DW� �&�� WKHQ� FHQWULIXJHG� DW� ������[J� IRU� ��PLQ�� 7KH�
VXSHUQDWDQW� ZDV� XVHG� IRU� LQGLUHFW� LPPXQRÀXRUHVFHQFH�
assay.

+H/D� FHOOV� ZHUH� LQFXEDWHG� ZLWK� VHUXP� ������
GLOXWLRQ��DQG�SUHDEVRUEHG�VHUXP�������GLOXWLRQ��RYHUQLJKW�
DW���&��),7&�FRQMXJDWHG�JRDW�DQWL�KXPDQ�,J*��3URWHLQWHFK�
*URXS�,QF��&KLFDJR��,/��86$��ZDV�XVHG�DV�WKH�VHFRQGDU\�
DQWLERG\� DW� D� ����� GLOXWLRQ�� )OXRUHVFHQFH� PLFURVFRSH�
�/HLFD�'0������*HUPDQ\��ZDV�XVHG�IRU�H[DPLQDWLRQ�

Statistics

6366� YHUVLRQ� ����� �6366� ,QF��� &KLFDJR�� ,/��
ZDV� XVHG� WR� DQDO\]H� WKH� GDWD�� 7KH� PHDQ� 2'� YDOXH�
of autoantibodies against candidate proteins in each 

group was compared using analysis of variance. The 

autoantibody frequency to GRP78 of patients’ sera in each 

JURXS�ZDV�FRPSDUHG�E\�&KL�6TXDUH�WHVW�DQG�¿VKHU¶V�H[DFW�
test. Comparison of the clinicopathological parameters 

with GRP78 expression was conducted by the two-tail 

0DQQ�:KLWQH\�8�WHVW��7KH�OHYHO�RI�DXWRDQWLERGLHV�DJDLQVW�
GRP78 before and after treatment and AFP were compared 

E\�WKH�PHDQV�RI�WKH�UDQGRPL]HG�EORFN�GHVLJQ�$129$�DQG�
rank sum test. A P������ZHUH�FRQVLGHUHG�WR�EH�VWDWLVWLFDOO\�
VLJQL¿FDQW�
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