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Abstract. Recent studies have indicated that a certain level 
of autoantibodies may be essential for maintaining good 
health as well as preventing cancer development, and that the 
levels of serum autoantibodies can decline during malignant 
progression. The aim of the present study was to identify 
such an autoantibody‑based biomarker for screening cervical 
lesions. An autoantigen reactive with healthy female sera was 
detected in the cytosolic fraction of HeLa cells, a cervical 
cancer cell line, and identified. Serum immunoglobulin (Ig)‑G 
and IgM levels against the purified autoantigen in normal, 
cervical intraepithelial neoplasias (CINs) I, II and III, and 
cervical cancer were compared using ELISAs. The autoan-
tigen in HeLa cells was identified to be GAPDH. The serum 
levels of anti‑HeLa‑GAPDH IgG decreased with increasing 
severity of cervical lesions, and similar decreases in IgM 
levels were revealed. Notably, the anti‑HeLa‑GAPDH IgG 
level was discovered to discriminate cervical cancer from 
normal samples with 80.0% sensitivity and 96.6% specificity. 
The serum anti‑HeLa‑GAPDH autoantibody level, as a single 
parameter, is a promising serum biomarker for screening 
cervical lesions.

Introduction

Cervical cancer is the third leading cause of cancer‑associated 
mortalities in women in low‑and middle‑income countries (1). 
The 5‑year survival rate of International Federation of 
Gynecology and Obstetrics (FIGO) stage I cervical cancer 

reaches 90% (2‑4). However, <16% of patients survive FIGO 
stage IV cancer (4,5). Women who never participated in a 
cervical cancer screening program are associated with an 
incidence rate of cervical cancer ≥2‑fold higher than those 
previously screened  (6). Therefore, increasing primary 
screening and early detection of cervical cancer are high 
priorities for improving survival rates.

The Papanicolaou (Pap) test is the most widely used test for 
primary screening of cervical cancer (7). However, accumu-
lating data indicate that the test alone can miss cervical lesions 
due to its low sensitivity (8,9). In certain developed countries, 
the human papillomavirus (HPV) DNA test is performed in 
combination with the Pap test to increase the accuracy of 
detection (10). The Pap test and the HPV DNA test require 
cells to be collected from the uterine cervix by a physician. 
This procedure can cause embarrassment and anxiety, and 
may lead to reluctance in being screened (11). In addition, 
cell‑based tests are not suitable for high‑throughput screening. 
Instead, serum offers advantages in the collection, storage and 
transportation of specimens. Therefore, serum‑based strategies 
are considered advantageous for high‑throughput screening.

Recent data suggest that 10‑20% of cancer cases are associ-
ated with viral infections (12,13). Therefore, serum antibodies 
acquired from virus infection are potential biomarkers for 
diagnosing cancer types, such as cervical cancer (14), nasopha-
ryngeal carcinoma (15) and adult T‑cell leukemia (16). HPV 
is detected in almost all patients with cervical cancer (17). 
Persistent HPV infection evokes humoral immune responses 
and there have been many attempts to use elevated levels 
of anti‑HPV L1, E6 or E7 antibodies as markers of cervical 
lesions (14,18). However, none of these biomarkers have proved 
to be sufficiently sensitive. Furthermore, ≥12 types of HPV can 
be involved in the development of cervical cancer (19,20) and 
there are technical barriers to preparing numerous different 
HPV antigens for assays. Therefore, discovering a serum 
biomarker for primary screening of cervical cancer remains 
a priority.

Autoantibodies serve important homeostatic roles by 
eliminating apoptotic and malignant cells and misfolded 
proteins (21‑23), and changes in autoantibody levels are thought 
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to occur in disease states (24‑26). Autoantibody levels may 
be elevated in patients with autoimmune disease; elevated 
anti‑nuclear antibody levels are revealed in 78% of patients with 
systemic lupus erythematosus and can be detected several years 
prior to disease onset (27). Elevated levels of autoantibodies 
have also been investigated in several types of cancer (28‑30). 
However, these autoantibodies have drawbacks as independent 
cancer markers because they do not provide sufficient accuracy. 
Only 10‑30% of patients with a given cancer have been demon-
strated to be seropositive when single autoantibodies were used 
for screening (31,32). Furthermore, not all autoantibodies exhibit 
an increase in patients with cancer (33‑35).

Changes in protein expression and post‑translational modi-
fications occur during transitions to malignancy (36‑39). In 
cancer cells, overexpression, unusual expression and misfolding 
of autoantigens, as well as aberrant post‑translational modi-
fications of autoantigens, can affect their recognition by the 
immune system in cancer (40), although the exact mechanism 
involved is unclear. Therefore, the use of cancer cell lines 
may be useful for identifying suitable autoantigens as cancer 
markers. HeLa cells, the most widely used cells in cancer 
research, have an altered pattern of protein expression when 
compared with normal cervical cell lines (41,42). In the present 
study, HeLa cells were used as a source of autoantigens and for 
the first time a HeLa cell autoantibody was identified, whose 
level reflects the severity of cervical lesions.

Materials and methods

Specimens. The present study was carried out with the 
approval of the Institutional Review Board of the Ewha 
Woman's University Mokdong Hospital, Seoul, South Korea 
(approval no.  EUMC 2016‑07‑067‑002). The study was 
conducted in accordance with the Declaration of Helsinki. All 
serum samples were collected in a prospective and consecutive 
manner following the collection of written informed consent 
from the subjects.

A total of 130 serum samples were collected from female 
patients diagnosed with no cervical abnormalities (n=29), 
cervical intraepithelial neoplasia (CIN) I (n=18), CIN II 
(n=23), CIN III (n=30) and cervical cancer (n=30), and stored 
at ‑80˚C. All participants underwent a liquid‑based cytology 
examination and those who tested positive for any abnormality 
in the cervix were designated for biopsy. Each cervical lesion 
was graded on the basis of hematoxylin and eosin staining 
of sections of formalin‑fixed and paraffin‑embedded tissue 
samples. Hysterectomy specimens with negative results in the 
hematoxylin and eosin staining examination were classified as 
normal. Cervical cancer was graded according to the FIGO 
staging system. All women >20 years old with abnormalities 
detected in the cervical cytology examinations, and who were 
designated for biopsy or surgery under suspicion of cervical 
CINs or cervical cancer, were included. Immunosuppressed 
individuals (those with human immunodeficiency virus 
infection, having undergone a transplant operation or on any 
immunosuppressive medication) or individuals with histories 
of other types of cancer, were excluded. The sera from the 
normal group were collected following the examination of 
the hysterectomy specimens. The sera from the CIN I group 
were collected immediately following punch biopsy, and those 

from the CIN II and CIN III groups were collected prior to 
large loop excision of transformation zones. The sera from the 
patients with cervical cancer were collected prior to surgery.

Extraction of cytosolic proteins from HeLa cells. The HeLa 
cell line, obtained from Korean Cell Line Bank, were main-
tained in Dulbecco's Modified Eagle's medium supplemented 
with 10% fetal bovine serum (InvivoGen, San Diego, CA, 
USA), 100 U/ml penicillin‑streptomycin (GenDepot, Katy, TX, 
USA) and 25 µg/ml normocin (InvivoGen). The HeLa cells 
were detached from dishes with trypsin‑EDTA (GenDepot), 
and cell pellets were collected by centrifugation (400 x g for 
5 min). The pellets were washed once with PBS and recovered 
by centrifugation (400 x g for 5 min). To obtain the cytosolic 
proteins, the cell pellet was lysed with lysis buffer (20 mM 
Tris, 20 mM NaCl, 1 mM EDTA, 5% glycerol, 0.1% Triton 
X‑100 and 0.1% β‑mercaptoethanol; pH 5.7; 4˚C; 12 h) and the 
cell debris was removed by centrifugation (400 x g for 5 min). 

Cation‑exchange chromatography for the isolation of 
HeLa‑GAPDH. The loading sample was prepared by adding 
10 volumes of binding buffer (20 mM Tris, 20 mM NaCl, 
1 mM EDTA, 5% glycerol, 0.02 % Triton X‑100 and 0.1% 
β‑mercaptoethanol; pH 5.7) to the HeLa cell cytosolic proteins. 
A total of 1 ml POROS XS resin (Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) was equilibrated with binding 
buffer and the sample was loaded onto the resin. Unbound 
proteins were collected, the column was washed with 10 resin 
volumes of binding buffer, and the bound proteins were eluted 
by successive additions of elution buffer consisting of binding 
buffer containing 25‑375 mM NaCl at 25 mM increments. The 
loading sample, flow‑through, column wash and eluates were 
fractionated on a 12.5% polyacrylamide gel and the proteins 
were visualized by silver staining.

Western blotting. The proteins were fractionated by SDS‑PAGE 
on 12.5% gels and transferred to polyvinylidene difluoride 
membranes (Merck KGaA, Darmstadt, Germany). Concentration 
of HeLa cytosolic proteins were determined by Bradford protein 
assay and 9 or 18 µg of the proteins were loaded in each lane. 
Equal volume of samples eluted from cation‑exchange chro-
matography were loaded to perform SDS‑PAGE and Western 
blotting analysis. Mixtures of sera from the group of control 
females (n=20) and rabbit anti‑human GAPDH polyclonal 
antibody (cat. no.10094‑T52, Sino Biological, Beijing, China) 
were diluted 1:200 in TBS containing 0.1% Tween‑20 (TBST) 
and 2.5% skimmed milk, and 1:1000 in TBST containing 0.5% 
skimmed milk, respectively, and reacted with the membranes 
for 2 h at room temperature. Following washing with TBS 
with 1% Tween‑20, horseradish peroxidase (HRP)‑conjugated 
goat anti‑human IgG (Sigma‑Aldrich; Merck KGaA) or 
HRP‑conjugated goat anti‑rabbit IgG (Bethyl Laboratories, Inc., 
Montgomery, TX, USA) was incubated with the membranes for 
1 h at room temperature. The signals were developed using an 
AB Signal Chemiluminescence kit (AbClon, Inc., Seoul, South 
Korea) and photo activated on AGFA film (AGFA Healthcare, 
Ghent, Belgium). Rabbit anti‑beta actin polyclonal antibody (cat.
no.sc‑1615‑R, Santa Cruz Biotechnology, Texas, USA), diluted 
1:1,000 in TBST containing 0.5% skimmed milk, was used as a 
positive internal loading control. 
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Identification of the major protein purified by cation‑exchange 
chromatography. A total of 1  µg of the protein fraction 
extracted with 275 mM NaCl in the cation‑exchange chro-
matography was fractionated on a polyacrylamide gel and 
visualized by Coomassie blue staining. The protein band of 
molecular mass 37 kDa was cut out and treated with trypsin. 
The tryptic peptides were separated and analyzed by nano 
ACQUITY ultra performance liquid chromatography coupled 
directly to a LTQ‑orbitrap‑mass spectrometer (LC‑MS/MS). 
The spectra from the LC‑MS/MS were processed using 
the SEQUEST (Thermo Quest, San Jose, CA, USA) soft-
ware and the peak list files generated were used to query 
the National Center for Biotechnology Information using the 
MASCOT search program (Matrix Science Ltd., London, UK, 
http://www.matrixscience.com/). 

ELISAs for measuring serum antibody against HeLa cell 
whole cytosolic protein, purified HeLa‑GAPDH or recombi‑
nant GAPDH in the normal, CIN I, CIN II, CIN III and cervical 
cancer groups. A 96‑well microplate (SPL Life Sciences, 
Pocheon, South Korea) was coated overnight at 4˚C with 2,000, 
1,000, 500, 250 or 125 ng/well HeLa cell cytosolic protein, 
50 ng/well purified HeLa‑GAPDH or 50 ng/well recombinant 
GAPDH (rGAPDH; Sino Biological, China), and blocked 
with 5% skimmed milk in PBS containing 0.05% Tween‑20 
(PBST). To measure the serum antibody against HeLa cell 
cytosolic protein, a mixture of normal group sera (n=5) and a 
mixture of cervical cancer group sera (n=5) were diluted 1:400 
and incubated in the plate for 90 min at 37˚C. To measure the 
serum anti‑HeLa‑GAPDH antibody (Total, n=130; normal, 
n=29; CIN I, n=18; CIN II, n=23; CIN III, n=30; and cervical 
cancer, n=30) or anti‑rGAPDH antibody levels (Total, n=129; 
normal, n=29; CIN I, n=17; CIN II, n=23; CIN III, n=30; and 
cervical cancer, n=30), individual sera were diluted 1:100 and 
incubated in a plate coated with HeLa‑GAPDH or rGAPDH. 
The serum samples were diluted with 1% skimmed milk in 
PBST. HRP‑conjugated goat anti‑human IgG polyclonal 
antibody or HRP‑conjugated goat anti‑human IgM polyclonal 
antibody (both Sigma‑Aldrich; Merck KGaA) was diluted 
1:5000 in 0.5% skim milk in PBST and incubated in the wells 
for 1 h at 37˚C. The reactions were developed with o‑phenyl-
enediamine (Sigma‑Aldrich; Merck KGaA) and measured at 
492 nm using a FlexStation 3 Multi‑Mode microplate reader 
(Molecular Devices, LLC, Sunnyvale, CA, USA). The plates 
were washed 3 or 5 times with PBST between reactions.

To exclude interference by non‑specific signals due to 
direct binding of the serum to the polyethylene plate, a mirror 
plate without coating antigen was prepared, and serum and 
secondary antibody were incubated as described above. 
The final optical density (OD) data were obtained using the 
following equation: OD from ELISA coated with antigen‑OD 
from ELISA without antigen. 

Statistical analysis. The difference in antibody levels was 
analyzed using the Kruskal‑Wallis test with Dunn's multiple 
comparison test (GraphPad Prism version 5.01; GraphPad 
Software, Inc., La Jolla, CA, USA). The difference in ages 
between the groups was analyzed using analysis of variance 
with Bonferroni correction (ANOVA; GraphPad Software, 
Inc., La Jolla, CA, USA). P<0.05 was considered to indicate 

statistically significant differences. Statistical power values 
(1‑β error) were calculated using the G*Power v.3.1 program. 
Receiver operating characteristic (ROC) curves were plotted, 
and areas under the curves (AUCs) were obtained, using 
GraphPad Prism version 5.01. The sensitivity, specificity, 
negative predictive value (NPV), positive predictive value 
(PPV) and accuracy of each assay were determined from 
the ROC curves. Optimal cut‑off values were determined 
from Youden's index, which yields maximum values of 
sensitivity plus specificity based on the ROC curves. The 
following parameters were calculated: Sensitivity=number 
of true positives/(number of true positives + number of false 
negatives); specificity=number of true negatives/(number of 
true negatives + number of false positives); NPV=number of 
true negatives/(number of true negatives + number of false 
negatives); PPV=number of true positives/(number of true 
positives + number of false positives); and accuracy=(number 
of true positives + number of true negatives)/(number of 
true positives + number of true negatives + number of false 
positives + number of false negatives).

Results

Serum IgG against total HeLa cell cytosolic proteins in the 
normal and cervical cancer groups. ELISAs were performed 
to investigate the overall levels of antibodies against HeLa cell 
cytosolic proteins in the normal and cervical cancer group. 
As observed in Fig. 1, the IgG level was significantly lower 
in the cervical cancer group than the controls, and the level 
decreased as the amount of cytosolic protein used for coating 
decreased. This result indicates that the overall level of serum 
IgG against the whole cytosolic protein fraction in the cervical 
cancer group is lower than in the normal group.

Identification of a HeLa cell cytosolic protein with strong 
reactivity with sera from healthy females. Western blot 
analysis was performed to detect any major protein among the 
HeLa cell cytosolic proteins that reacted strongly with the sera 
from healthy females. A 37‑kDa protein with strong reactivity 
was revealed (Fig. 2) and was identified by LC‑MS/MS. The 
protein was termed HeLa‑GAPDH for the purposes of the 
present study and was identified as GAPDH isoform‑1.

Purification of HeLa‑GAPDH by cation‑exchange chroma‑
tography. Cation‑exchange chromatography was used to purify 
HeLa‑GAPDH from the total cytosolic proteins. The protein 
was isolated with satisfactory purity in the 275‑mM NaCl 
elution fraction (Fig. 3A). Western blotting confirmed that the 
isolated fraction reacted with control sera from healthy females 
and with anti‑human GAPDH antibody (Fig. 3B and C). The 
purified protein was demonstrated to give a linear response 
with human sera and anti‑human GAPDH antibody in ELISAs 
(data not shown). 

Serum anti‑HeLa‑GAPDH antibody levels in normal, CIN 
I, CIN II, CIN III and cervical cancer samples. Levels of 
serum anti‑HeLa‑GAPDH IgG and IgM were investigated in 
the normal, CIN (I, II and III) and cervical cancer groups by 
ELISA. The clinicopathological characteristics of each group 
are as follows: A total of 130 serum samples were used and 
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the average ages of the normal (n=29), CIN I (n=18), CIN II 
(n=23), CIN III (n=30) and cervical cancer (n=30) groups were 
43.6, 43.5, 45.7, 40.7 and 51.8 years, respectively. A significant 
difference of ages was observed between CIN III and cervical 
cancer groups (ANOVA with Bonferroni correction; P<0.05). 
In the cervical cancer group, the proportions of squamous cell 
carcinoma, adenocarcinoma and adenosquamous carcinoma 
were 60.0, 36.7 and 3.3%, respectively.

When compared with the anti‑HeLa‑GAPDH antibody 
levels in the normal group, the anti‑HeLa‑GAPDH IgG level of 
the CINs and cervical cancer groups generally declined as the 
severity of the cervical lesions increased (CIN II, P<0.01 versus 
normal; CIN III, P<0.001 versus normal; and cervical cancer, 
P<0.001 versus normal; Fig. 4A). Similarly, anti‑HeLa‑GAPDH 
IgM was lower in the CIN and cervical cancer samples than 
in the controls (CIN II, P<0.05 versus normal; and cervical 
cancer, P<0.001 versus normal; Fig. 4B). When rGAPDH was 
used as the coating antigen for the ELISAs, reduced number of 
serum sample (Total, n=129; normal, n=29; CIN I, n=17; CIN 
II, n=23; CIN III, n=30; and cervical cancer, n=30) was used in 
measuring anti‑rGAPDH antibody levels. However, the trends 
in levels of anti‑rGAPDH IgG and anti‑rGAPDH IgM in the 
groups were similar to when HeLa‑GAPDH was used (Fig. 5). 

The statistical power (1‑β) and diagnostic performances 
(sensitivity, specificity, NPV, PPV, accuracy and AUC) were 
evaluated for the ability to discriminate the various cervical 
lesions from normal samples (Table I). It was demonstrated 
that the anti‑HeLa‑GAPDH IgG levels discriminated cervical 
cancer from healthy samples with high sensitivity (80.0%) 
and specificity (96.6%), whereas the anti‑HeLa‑GAPDH IgM 
levels discriminated cervical cancer from normal with 73.3% 
sensitivity and 72.4% specificity. Overall, higher AUCs for 
discriminating cervical cancer from normal were obtained with 
anti‑HeLa‑GAPDH IgG than with anti‑HeLa‑GAPDH IgM 
(AUC, 0.91 vs. 0.78, respectively; Fig. 6 and Table I). Therefore, 
anti‑HeLa‑GAPDH IgG may be a more reliable biomarker for 
detecting cervical cancer than anti‑HeLa‑GAPDH IgM. 

CIN II is a clinically important end‑point because CIN II 
and III can progress to cervical cancer if left untreated (43). 
Anti‑HeLa‑GAPDH IgM was revealed to discriminate CIN 
II+ lesions (CIN  II, CIN  III and cervical cancer) from the 
normal plus CIN I group with 74.7% sensitivity and 53.2% 

specificity, and higher sensitivity (74.7%) and specificity 
(72.3%) were obtained with anti‑HeLa‑GAPDH IgG (Table I; 
normal + CIN I vs. CIN II+). In addition, the overall AUC 
values for anti‑HeLa‑GAPDH IgG were higher than those 
for anti‑HeLa‑GAPDH IgM for discriminating CIN II+ from 
the normal plus CIN I group (Table I; normal + CIN I vs. 
CIN II+). Therefore, the results indicate that anti‑GAPDH 
IgG reflects the severity of cervical lesions more accurately 
than anti‑GAPDH IgM. It can be concluded that anti‑GAPDH 
autoantibody is a potential serum biomarker for high‑grade 
CINs and cervical cancer.

Discussion 

High‑grade CINs (II and III) have a high probability of 
progressing to cervical cancer (44‑46). Therefore, discrimi-
nating CIN II and more severe cervical lesions from normal 
sample is important in primary screening for cervical lesions. 
The present study aimed to discover a new autoantibody‑based 
marker for detecting cervical lesions and revealed that serum 
anti‑GAPDH IgG or IgM may be a useful marker for that 
purpose. Anti‑GAPDH IgG was identified to decrease with 
increasing severity of cervical lesions, and cervical cancer 
was detected with high sensitivity (80.0%) and specificity 
(96.6%) with anti‑HeLa‑GAPDH IgG as marker. In addition, 
a lower anti‑HeLa‑GAPDH IgG level discriminated CIN 
II+ from normal and CIN I samples with 74.7% sensitivity 
and 72.3% specificity. The present findings suggest that a 
decreased anti‑GAPDH IgG level is a promising biomarker 
for cervical cancer.

Figure 2. Reactivity of sera from healthy females against HeLa cell cyto-
solic proteins using western blotting. The arrow indicates a major HeLa 
cell cytosolic protein detected by the sera from healthy females. The 
major protein was identified as GAPDH isoform‑1 using nano ACQUITY 
ultra performance liquid chromatography coupled directly to a linear trap 
quadrupole‑orbitrap‑mass spectrometer. β‑actin polyclonal antibody was 
used as a positive internal loading control in western blotting. 

Figure 1. Linear response of serum IgG to total HeLa cell cytosolic protein 
fraction in ELISAs. The data are presented as the mean ± standard deviation 
of two independent assays. R2 values were used to assess the linearity of the 
ELISAs. IgG, immunoglobulin G.
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Autoantibodies have received much attention as 
serum biomarkers for cancer screening over the past five 
decades (24,47‑49). Misfolding, overexpression and aberrant 
glycosylation of autoantigens are recognized to be general 
features of cancer development  (36,38,39,50), and it was 
considered likely that alterations in the properties of auto-
antigens that can elicit humoral immune responses would be 
encountered (40). Therefore, previous attempts to discover 
autoantibody‑based cancer markers have focused on auto-
antibodies whose levels increase in the presence of cancer. 
However, recent studies have demonstrated that an increase in 
the level of an autoantibody is only one of a variety of changes 
associated with autoantibodies in cancer. Autoantibodies not 
only eliminate the breakdown products of antigens resulting 
from apoptosis but also protect healthy cells from attack by 
the immune system of the individual (21,23,51,52). In addition, 
autoantibodies can serve anti‑oncogenic roles by promoting 
the apoptosis of malignant cells and reducing their invasive-
ness  (53,54), as well as by maintaining homeostasis  (55). 
Decreased levels of anti‑glucose‑regulated protein 78 and 
anti‑α‑enolase 1 antibodies have been demonstrated in ovarian, 
breast and lung cancer  (34,35,53), and decreased levels of 
anti‑α‑enolase 1 were revealed in late stage (stage IV) lung 

cancer but not in earlier stages (stage I/II) (34). The present 
observations on anti‑GAPDH autoantibody levels during 
cervical cancer development together with these other findings 
suggest that maintaining a certain level of various autoanti-
bodies is critical for the balance of the immune system, and 
that decreased levels can be associated with a malignant state.

GAPDH is a glycolytic enzyme that promotes the 6th 
step of glycolysis (56). Increased levels of GAPDH mRNA 
are detected in cervical cancer tissues and cell lines (57,58). 
Malignant cells preferentially employ aerobic glycolysis rather 
than oxidative phosphorylation to generate adenosine triphos-
phate (59), and overexpression of glycolytic enzymes has been 
suggested to be a hallmark of cancer cell metabolism (60). 
Furthermore, GAPDH is associated with an increased migra-
tory behavior and proliferation of cancer cells (61‑63), and its 
downregulation by GAPDH segregator, a triazine‑based small 
molecule, decreases the viability of colon carcinoma cells (64). 
In addition, treatment with antisense oligonucleotides against 
GAPDH, or glycolysis‑targeting anticancer agents, including 
3‑bromopyruvate, was demonstrated to prevent the prolifera-
tion of human colon cancer cells and to induce apoptosis of 
human and mouse cervical carcinoma cells (65,66). Therefore, 
it appears that GAPDH has anti‑apoptotic or pro‑proliferative 

Figure 3. Purification of HeLa‑GAPDH from HeLa cell cytosolic proteins by cation‑exchange chromatography. (A) HeLa cell cytosolic proteins were sepa-
rated by cation‑exchange chromartography. The proteins were separated by SDS‑PAGE and visualized with silver staining. (B) Western blot analysis of 
proteins from cation‑exchange chromatography using healthy donor sera. (C) Western blot analysis where HeLa‑GAPDH was detected in fractions from 
cation‑exchange chromatography using anti‑human GAPDH polyclonal antibody. HeLa‑GAPDH is indicated by arrowheads. M, protein markers; LS, loading 
sample; FT, flow‑through; CW, column wash.
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activity for malignant cells, and that maintaining GAPDH 
levels may be critical for preventing malignancy. In light 
of the results of the present study and previous findings, 
it may be that a decrease in anti‑GAPDH autoantibody 
levels in cervical cancer is a consequence of providing a 
favorable microenvironment for the survival and proliferation 
of cancer cells.

Panels of autoantibodies, generally ones that are elevated in 
cancer, have been used as cancer biomarkers to overcome the insuf-
ficient sensitivity or specificity of single autoantibodies (29,30,32). 
The EarlyCDT®‑Lung test, which uses a combination of 6 auto-
antibodies (anti‑cellular tumor antigen p53, autoimmunogenic 
cancer/testis antigen NY‑ESO‑1, cancer‑associated gene protein, 

GBU4‑5, Annexin I and transcription factor SOX2), provides 
39% sensitivity and 89% specificity for identifying individuals 
at high risk of lung cancer (67). Similarly, the present research 
group had demonstrated that a combination of 3 autoantibodies 
[cancer antigen (CA)15‑3, carcinoembryonic antigen and CA19‑9 
autoantibodies] discriminate cervical cancer from normal 
samples with 90.3% sensitivity and 82.1% specificity (68). In 
contrast with previous findings, a decrease in the level of a single 
autoantibody (IgG against GAPDH) was identified in the present 
study to discriminate cervical cancer from normal samples with 
80.0% sensitivity and 96.6% specificity. This finding indicates 
that the reduced IgG response against the autoantigen may be 
useful as a biomarker. 

Figure 5. Comparison of anti‑rGAPDH IgG and anti‑rGAPDH IgM levels in the normal, CIN I, CIN II, CIN III and cervical cancer groups in ELISAs using 
rGAPDH as the coating antigen. (A) Levels of anti‑rGAPDH IgG. (B) Levels of anti‑rGAPDH IgM. The central lines represent the mean values, and the 
error bars indicate the ranges of the standard error of the mean. Total, n=129; normal, n=29; CIN I, n=17; CIN II, n=23; CIN III, n=30; and cervical cancer, 
n=30. Statistical analysis was performed using the Kruskal‑Wallis test with Dunn's multiple comparison test. *P<0.05, **P<0.01 and ***P<0.001, as indicated. 
rGAPDH, recombinant GAPDH; CIN, cervical intraepithelial neoplasia; IgG/IgM, immunoglobulin G/M.

Figure 4. Anti‑HeLa‑GAPDH antibody levels in the normal, CIN I, CIN II, CIN III and cervical cancer groups. (A) Levels of anti‑HeLa‑GAPDH IgG. 
(B) Levels of anti‑HeLa‑GAPDH IgM. The central lines represent the mean values and the error bars indicate the ranges of the standard error of the mean. Total, 
n=130; normal, n=29; CIN I, n=18; CIN II, n=23; CIN III, n=30; and cervical cancer, n=30. Statistical analysis was performed using the Kruskal‑Wallis test 
with Dunn's multiple comparison test. *P<0.05, **P<0.01 and ***P<0.001, as indicated. CIN, cervical intraepithelial neoplasia; IgG/IgM, immunoglobulin G/M.
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Overexpression of the GAPDH gene has been 
observed in breast, ovarian, colon, lung, liver and cervical 
cancer (60,69‑71). In addition, several types of non‑cancerous 
cells, such as inflammatory cells, naïve T lymphocytes 
and endothelial cells also undergo rapid proliferation and 
obtain energy by aerobic glycolysis during their activation 
or proliferation which are involved in GAPDH gene expres-
sion (72). Therefore, it will be of the interest to examine the 
distinctive role of GAPDH in such non‑cancerous cells as 

well as anti‑GAPDH antibody levels in the non‑cancerous 
status. Understanding the functions of anti‑GAPDH autoan-
tibody in cancer may provide new insights for the treatment 
of cancer.

The limitations of this study include a limited number of 
serum samples (n=130) used, although the resulting power 
(0.8‑1.0) satisfied the criterion for reliability. In addition, the 
anti‑GAPDH antibody levels were only investigated in a single 
ethnic group (Korean women). Therefore, further studies 

Figure 6. ROC curves for discriminating CIN I, CIN II, CIN III and cervical cancer from healthy specimens. (A) ROC curves for discriminating cervical 
lesions from normal cytology based on the anti‑HeLa‑GAPDH IgG levels observed in Fig. 4A. (B) ROC curves for discriminating cervical lesions from normal 
cytology based on the anti‑HeLa‑GAPDH IgM level observed in Fig. 4B. ROC, receiver operating characteristic; CIN, cervical intraepithelial neoplasia.

Table I. Statistical parameters based on anti‑HeLa‑GAPDH IgG or IgM levels for discriminating CINs or cervical cancer from 
normal cytology, and CIN II+ from Normal + CIN I.

A, IgG

Comparison	 Power (1‑β error)a	 Sensitivityb, %	 Specificityc, %	 NPV, %	 PPV, %	 Accuracy, %	 AUC

Normal vs. CIN I	 0.48	 72.2	 65.5	 79.2	 56.5	 68.1	 0.69
Normal vs. CIN II	 0.99	 73.9	 82.8	 80.0	 77.3	 78.8	 0.83
Normal vs. CIN III	 0.98	 83.3	 65.5	 79.2	 71.4	 74.6	 0.79
Normal vs. Cervical cancer	 1.00	 80.0	 96.6	 82.4	 96.0	 88.1	 0.91
Normal + CIN Id vs. CIN II+e	 1.00	 74.7	 72.3	 61.8	 82.7	 73.8	 0.78

B, IgM

Comparison	 Power (1‑β error)a	 Sensitivityb, %	 Specificityc, %	 NPV, %	 PPV, %	 Accuracy, %	 AUC

Normal vs. CIN I	 0.68	 83.3	 62.1	 85.7	 57.7	 70.2	 0.73
Normal vs. CIN II	 0.80	 78.3	 72.4	 80.8	 69.2	 75.0	 0.74
Normal vs. CIN III	 0.55	 56.7	 75.9	 62.9	 70.8	 66.1	 0.67
Normal vs. Cervical cancer	 0.98	 73.3	 72.4	 72.4	 73.3	 72.9	 0.78
Normal + CIN Id vs. CIN II+e	 0.80	 74.7	 53.2	 73.8	 54.3	 66.9	 0.65

aPower (1‑β error) was calculated using the G* power 3.1 program. bSensitivity or cspecificity was evaluated based on Youden's index which 
yields maximum values of sensitivity plus specificity. dNormal + CIN I: Normal and CIN I. eCIN II+: CIN II, CIN III and cervical cancer. 
NPV, negative predictive value; PPV, positive predictive value; AUC, area under the curve; CIN, cervical intraepithelial neoplasia; IgG/IgM, 
immunoglobulin G/M.
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involving larger sample sizes and diversity are required to 
confirm whether the decreased anti‑GAPDH level in patients 
with cervical lesions is a general feature.

In conclusion, the present study presents the first evidence 
that decreased levels of anti‑GAPDH autoantibody (IgG 
and IgM), particularly anti‑GAPDH IgG, is a potential 
serum biomarker for detecting CINs and cervical cancer. 
Furthermore, it was revealed that decreased levels of serum 
anti‑GAPDH autoantibodies reflect the severity of cervical 
lesions. Serum anti‑GAPDH IgG level, as a single indicator, 
was able to discriminate CIN II+ from normal plus CIN I with 
high sensitivity and specificity. It is expected that the present 
findings can provide a new paradigm to the discovery of serum 
biomarker for cervical lesions screening.
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