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Abstract There has been no attempt to apply protein-
based markers of exfoliated cervical cells (ECCs) for pri-
mary screening of cervical cancer. In the present study, the
levels of six tumor-associated protein [TAPs: Sialyl Lewis
A (SLeA), Cancer Antigen 15-3 (CA 15-3), p53, heat
shock protein (Hsp)70, Hsp27 and squamous cervical car-
cinoma antigen (SCCA)]and of two human papillomavirus
(HPV) viral proteins (HPV16 E7 and HPV16 L1) of ECCs
lysates were evaluated by enzyme-linked immunosorbent
assays (ELISAs).The wells of 96-well plates were coated
with the ECCs lysates from normal, cervical intraepithelial
neoplasia (CIN) I, CIN II, CIN I and cancer groups, and
candidate proteins were detected by relevant antibodies.
SLeA level decreased with increasing severity of lesions,
whereas the levels of other candidate proteins increased.
SLeA, HPV16 L1 and p53 levels appeared more useful for
detecting cervical lesions than the other candidates. The
combination of ELISA-SLeA and ELISA-HPV16 L1 could
efficiently detect cervical lesions from normal. The com-
bination of ELISA-SLeA and ELISA-p53 could powerfully
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discriminate cancer from normal with 91.3% sensitivity
and 96.7% specificity. The protein levels of ECCs have
great potential as biomarkers for primary screening of
cervical cancer.

Keywords Cervical cancer - Pap test - Exfoliated cervical
cell - Tumor-associated protein - Human papillomavirus

Introduction

Cervical cancer is the fourth most common cancer in
women worldwide, and almost 100% of cervical cancers
are caused by human papillomavirus (HPV) (Snijders et al.
2006; Simayi et al. 2013). HPV types are subdivided into
low-risk (wart-causing) and high-risk (cancer-causing) and
type 16 HPV itself causes nearly 50% of cervical cancers
(Ghittoni et al. 2015). Invasive cervical cancer may
develop from a preinvasive state termed a cervical
intraepithelial neoplasia (CIN) (Snijders et al. 2006) and
treatment at the CIN stage can prevent the development of
invasive cervical cancer (Mishra et al. 2011). Therefore,
early diagnosis and treatment of CINs provide an oppor-
tunity to reduce mortality from cervical cancer.

Pap smear test is the most common primary screening
program for cervical cancer and is used to detect abnormal
exfoliated cervical cells (ECCs), which are collected from
superficial layer cells of the cervical squamous epithelium
(Williams et al. 1998; Habis et al. 2004). Gynecologists
then decide whether to carry out colposcopy to confirm
lesions based on the results of the Pap test (Sahasrabuddhe
et al. 2011). CIN is graded into levels I, II and III
depending on the proportion of the thickness of the
epithelium showing mature and differentiated cells (Mishra
et al. 2011). Almost 90% of CIN I (low grade CIN) cases
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regress spontaneously within 2 years. However CIN II and
CIN III (high grade CINs) can develop into cervical cancer
if the high-risk HPV infection persists (Bosch et al. 2008).
Therefore, it is important to detect precancerous cells in the
primary screening. However, the sensitivity of the current
Pap test for detecting abnormal precursor cells is relatively
low: the mean sensitivity for CINs is suggested to be 51%
(Litjens et al. 2013). The results of the Pap test are affected
by sampling conditions and physicians’ interpretations
because the test depends on visual inspection (Wentzensen
et al. 2007). Therefore, the development of a method that is
more objective and potentially standardized is a high
priority.

Since the 1980s researchers have sought to develop
protein-based biomarkers for detecting and monitoring
cancers. It has been suggested that particular proteins ter-
med tumor-associated proteins (TAPs) are overexpressed,
modified, mutated or degraded during carcinogenesis
(Anderson et al. 2005). Therefore, detection of these TAPs
could increase the chance of detecting cancers and
cancerous lesions. Among TAPs, Sialyllewis A (SLeA),
p53, heat shock proteins (Hsps), Cancer Antigen 15-3 (CA
15-3) and squamous cervical carcinoma antigen (SCCA)
have received much attention as potential biomarkers.
SLeA is a carbohydrate ligand on cells; it is involved in
interactions with E-selectin on vascular endothelial cells,
and plays a major role in cancer cell metastasis and inva-
sion (Kannagi et al. 2004). Blood SLeA levels increase in
patients with pancreatic cancer, and urinary SLeA increa-
ses in patients with bladder cancer (Casetta et al. 1993;
Duffy 1998; Ballehaninna et al. 2011). P53 is a well-known
tumor suppressor protein. In response to DNA damage, it
activates a molecular defense against carcinogenesis,
stimulating DNA repair and inducing the death of mutated
cell (Bhatt et al. 2010). Elevated levels of p53 are indeed
found in a breast cancer cell line (MCF 7) (Alkhalaf et al.
2003).

Hsp expression is a tailored response to particular
microenvironmental stresses (low glucose, change of pH,
and viral and bacterial infections) (Zugel et al. 1999; Bhatt
et al. 2010). Increased levels of Hsp70 (molecular weight:
70 kDa) are presented in sera from breast, lung and col-
orectal cancers and increased levels of Hsp27 (molecular
weight: 27 kDa) are found in sera from breast, ovarian and
endometrial cancers (De et al. 2004; Gunaldi et al.
2015a, b; Balazs et al. 2016).

CA 15-3 is a cell surface glycoprotein involved in
cancer cell migration and metastasis (Bhatt et al. 2010).
Blood CA 15-3 levels have been used to assess the prog-
nosis of breast cancer, and increased levels of CA 15-3 are
also found in lung, ovarian and colorectal cancers (Shering
et al. 1998; Bhatt et al. 2010). Elevated SCCA level was
suggested as serological marker in cervical carcinoma

(Catanzaro et al. 2011). However, few studies have been
conducted to assess whether these TAP can be used as
biomarker of ECC for primary screening of cervical cancer.

Unlike other types of cancer, the causes of which vary,
cervical cancer is invariably caused by HPV infection.
Therefore, the presence of HPV proteins provides critical
evidence for a risk of cervical cancer. The expression of the
HPV E7 oncoprotein mainly starts in the basal layer cells
of the cervical squamous epithelium and is maintained in
the superficial layer (Litjens et al. 2013), and HPV L1 is
mainly expressed in the superficial layer (Yemelyanova
et al. 2013). Therefore, it is thought that the superficial
layer cells may reflect the cancerous state of the cervix.
However, there has been little effort to evaluate levels of
HPV proteins in ECCs and no attempts to use them as
biomarkers of ECCs.

In this study we measured the levels of six TAPs (SLeA,
p53, Hsp70, Hsp27, CA 15-3 and SCCA) and two HPV
proteins (HPV16 E7 and HPV16 L1) in the cytoplasmic
fraction of ECCs using enzyme-linked immunosorbent
assays (ELISAs), and assessed the possibility of using these
proteins as biomarkers for primary screening of cervical
cancer.

Materials and Methods
Ethics statement

This study was conducted with the approval of the Insti-
tutional Review Board of EwhaWomans University Mok-
dong Hospital (Approval No. EUMC 2016-07-067-002).
Patients’ samples were collected in a prospective and
consecutive manner after obtaining written informed
consents.

Specimens

A total of 146 ECC samples from liquid-based cytology
(LBC) were collected from women with normal cytology
(n = 30), CINI (n = 28), CINII (n = 33), CIN III (n = 32)
and cervical cancer (n = 23) with a Thinprep 2000 liquid-
based cytology processor (Hologic, USA). All of the
samples were collected under colposcopy-directed biopsy
setting by three different gynecology oncology specialists.
Cervical lesions were graded by hematoxylin and eosin
(H&E) staining review.

Preparation of soluble factions of ECC lysates
The ECCs were washed gently once with ice cold phos-

phate-buffered saline (PBS) and suspended in lysis buffer
(150 mM NaCl, 50 mM Tris, 1% Triton X-100, pH 7.2),
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then incubated on ice for 2 h. Thereafter, they were dis-
rupted with a Dounce homogenizer (Wheaton, USA), and
the lysates were incubated on ice for an additional 1 h.
Finally, supernatants were collected after centrifugation at
14,000 rpm for 10 min at 4 °C. Protein concentrations
were determined with a BCA protein assay kit (Pierce,
USA).

Enzyme-linked immunosorbent assays (ELISAs)

96-well ELISA plates (Greiner, Germany) were coated
overnight at 4 °C with optimum amounts of cell lysate
[30 ng for ELISA-SLeA; 500 ng for ELISAs-p53, Hsp70,
CA 15-3, HPV16 Lland SCCA; 250 ng for ELISA-Hsp27;
62.5 ng for ELISA-HPV16 E7]. The plates were blocked
with 5% skim milk at room temperature (RT) for 2 h. Then
mouse anti-SLeA monoclonal antibody (Millipore,
MAB2095, USA, 1:10,000 dilution), mouse anti-p53
monoclonal antibody (Sigma,P6749, USA, 1:5000), mouse
anti-Hsp70 monoclonal antibody (Fitzgerald, 10R-1046,
USA, 1:2500), mouse anti-CA 15-3 monoclonal antibody
(Fitzgerald, 10-CO3E, USA, 1:3000), mouse anti-Hsp27
monoclonal antibody (Enzo, ADI-SPA-800, USA,1:2500),
mouse anti-SCCA1/2 monoclonal antibody (Santacruz, sc-
28384, USA, 1:1000), mouse anti-HPV16 E7 polyclonal
antibody (in-house made antibody; 1:10,000) or mouse
anti-HPV16 L1 monoclonal antibody (in-house made
antibody; 1:20) were added to the wells and incubated for
90 min at 37 °C. Finally, antibodies bound to the antigens
were detected with HRP-conjugated goat anti-mouse IgG
(Bethyl, USA, 1:5,000). Color reactions were developed
using o-phenylenediamine (Sigma, USA), and measured at
492 nm.

Evaluation of the linearity and reproducibility
of ELISAs

To analyze the linearity of the ELISAs, ECC lysates from
normal (n =5) and cancer (n = 5) samples were diluted
serially (two-fold) from 5 to 0.07 pg/ml (ELISA-SLeA),
10-0.16 pg/ml (ELISA-p53, HPV16 E7 and HPV16 L1)
and 5-0.16 pg/ml (ELISA-Hsp70, CA 15-3, Hsp27and
SCCA), respectively. 96-well plates were coated overnight
with 100 pL of the serial dilutions at 4 °C, and candidate
protein levels were measured as described above.

Western blots for detecting SLeA

Samples of ECC lysates were fractionated on 12.5%
polyacrylamide gels and the proteins were visualized by
silver staining. The same samples were separated on 10%
polyacrylamide gels and transferred onto polyvinylidene
difluoride (PVDF) membranes (Millipore, USA). The
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membranes were blocked with 5% skim milk in Tris-buf-
fered saline (TBS) containing 0.05% Tween 20 (TBST) for
2 h and reacted with mouse anti-SLeA monoclonal anti-
body (Millipore,1:10,000) for 1 h at RT. The membranes
were then incubated with HRP-conjugated goat anti-mouse
IgG (1:5000) and developed on X-ray film (Kodak, USA)
using an enhanced chemiluminescence kit (Abclon,
Korea).

Immunoprecipitation of protein carrying SLeA
from ECC lysates

Immunoprecipitation was conducted using protein A
agarose beads (10 pl, Sigma, USA) coupled with mouse
anti-SLeA monoclonal antibody (Fitzgerald, 2 pg) from
normal or cancer cell lysate (500 pg). SLeA levels in
immunoprecipitates were detected with mouse anti-SLeA
monoclonal antibody (1:50,000) followed by HRP-conju-
gated goat anti-mouse IgG(1:10,000) in Western blot.

Statistical analysis

Differences between groups were analyzed using two-
tailed Student’s t-tests. P < 0.05 was considered statisti-
cally significant. Receiver operating characteristic (ROC)
curves and areas under the curves (AUCs) were obtained
using Graphpad version 5.01. The sensitivity and speci-
ficity of each assay were determined from the ROC curves.
The optimum cut-off values were obtained from the You-
den’s index of the ROC curves, which elicit the maximum
values of sensitivity plus specificity. For the combination
assays, the logistic regressions were performed using ‘Bia-
reduced logistic regression version 1-1.23-r7" (http://www.
wessa.net/) software. Negative predictive values (NPV),
positive predictive values (PPV) and accuracies were cal-
culated using EPR-Val Test Pack 2 (http://www.hutchon.
net/EPRval.htm). Statistical power (1-B error) was calcu-
lated using the G*power 3.1 program.

Results

Clinicopathological characteristics of normal, CIN I,
CIN II, CIN III and cancer groups

As shown in Table 1, the mean age of normal, CIN I, CIN
II, CIN III and cancer patients were 48.1, 40.2, 44.2, 37.8
and 51.0 years, respectively. HPV16 DNA positivities of
those were 6.7, 16.0, 23.1, 44.8 and 37.5%, respectively.
Moreover, the proportion of squamous cell carcinomas in
the cancer group was 78.3% and that of adenocarcinomas
was 21.7%.
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Determination of amount of ECC lysate protein
to use for coating in ELISAs

The linearity of each ELISA as a function of the amount of
ECC lysate protein used for coating was assessed and the
optimum amount for each ELISA was determined based on
the linear phase of the response. As shown in Fig. 1, linear
responses in the ELISA-SLeA, ELISA-HPV16 E7, ELISA-
p53, ELISA-HPV16 L1, ELISA-Hsp70, ELISA-Hsp27,
ELISA-CA 15-3 and ELISA-SCCA were observed in the
ranges of 15-250, 16-1000, 31-500, 62.5-1000, 16-500,
31-250, 16-500, 16-500 ng/well, respectively.

Levels of candidate proteins in the normal, CIN I,
CIN II, CIN III and cervical cancer groups

As shown in Fig. 2, SLeA levels in the cervical cancers
were significantly lower than in the normal, CIN I, CIN II
or CIN IIT group whereas HPV16 E7, p53 or HPV16 L1
levels in the cancer group were considerable higher than in
the other groups. Moreover, the SLeA, HPV16 E7, p53 or
HPV16 L1 levels seemed useful for discriminating cervical
cancer from CIN III, because of the marked changes in
levels of these proteins in cervical cancer. In addition,
Hsp70, Hsp27 and CA 15-3 tended to increase in the CIN I,
CIN II, CIN HI and cancer groups, compared to normal
group. SCCA elevated only in cancer group.

The decrease in SLeA level of cell lysates or immuno-
precipitates with increasing severity of lesion was con-
firmed by Western blots (Fig. 3). The mean values of the
coefficient variations (CVs) for inter-and intra-assay

Fig. 1 Evaluation of the linearity of ELISAs. Details are given inp
Materials and Methods. Vertical dotted lines indicate the ranges of the
calculated R> values. Data are means + SDs of five individual
samples of the normal and cancer groups. Blue lines indicate normal
group, and red lines cancer group. (Normal, n = 5; Cancer, n = 5).
(Color figure online)

precision of each assay were < 10%, indicating satisfactory
reproducibility (Supplementary Table S1).

Evaluation of ELISAs for discriminating the CIN
I+, CIN II+, CIN III+ and cancer groups
from the normal group

The P-values, AUCs, sensitivities and specificities of the
individual ELISAs were analyzed for their ability to dis-
criminate between CIN I and worse (CIN I+), CIN II+,
CIN II+and the actual cancer from the normal group
(Table 2). AUC values, sensitivities and specificities were
determined based on the ROC curve for each ELISA.

An AUC value > 0.6 is usually taken as acceptable for
diagnosis (Fielding AH 1997). The AUC values of ELISA-
SLeA and ELISA-HPV16 L1 were effective in discrimi-
nating CIN I+, CIN II+4, CIN III+ and cervical cancer
from normal, while ELISA-HPV16 E7 and ELISA-p53
could discriminate CIN III4+ and cancer from normal,
andELISA-Hsp70, ELISA-Hsp27 and ELISA-CA 15-3
were useful for discriminating cancer from normal.

Table 1 Clinicopathological characteristics of normal, CIN I, CIN II, CIN III and cancer groups

Normal CINI(n=28) CINI CIN III Cancer (n = 23)
(n = 30) (n = 33) (n = 32)
Age, years (Mean + SEM; Age 48.1 £+ 2.1; 40.2 £ 2.6; 442 + 2.2; 37.8 + 1.7; 51.0 + 3.3; 29-81
range) 25-72 19-74 26-71 23-61

HPV16 DNA positivity*

Histology of cervical cancer (Punch
biopsy)

6.7% (1/15) 16.0% (4/25) 23.1% (6/26) 44.8% (13/29)  37.5% (6/16)
Adenocarcinoma (n = 5; 21.7%)

Squamouscell carcinoma (n = 18;
78.3%)

lIa(n=25)
Ib (n=38)
Ila (n =2)
IIb (n =5)
Ila(n=1)
b n=1)
IVb(n=1)

Stage of cervical cancer®

“HPV16 DNA positivity = number of HPV16 DNA presence sample x 100/number of implemented HPV DNA testing sample

"Stage of cervical cancer was classified by international federation of obstetrics and gynecology (FIGO) clinical staging system
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Combination assays for distinguishing the CIN I+,
CIN II+, CIN III+ and cancer groups
from the normal group

Combination assays were conducted using logistic regres-
sion, the abilities of pairs of ELISA assays to discriminate
cervical lesions from normal were assessed.

The combination of ELISA-SLeA and ELISA-HPV16
L1 had improved ability to discriminate CIN I+, CIN II+
or CIN III+ from normal, and the relevant statistical
parameters are presented in Table 3. In addition, the
combination of ELISA-SLeA and ELISA-p53 had
increased sensitivity and specificity for discriminating
cancer from normal. The power values (1-B) of all the
combination assays exceeded 0.90, indicating that the
sample sizes used supported statistical reliability. More-
over, the AUC values of the combination assays and the
ROC curves are presented in Fig. 4. Taken together, these
results indicate that the combination assays are more useful
for discriminating patients with CIN I+, CIN II4, CIN
III+ and cervical cancer from normal than the individual
assays.

Discussion

We have investigated the use of eight ECC proteins as
biomarkers for primary screening of cervical cancer. SLeA,
HPV16 L1 and p53 levels were more suitable for detecting
cervical lesions than the other candidates (Table 2). The
combination of ELISA-SLeA and ELISA-HPV16 L1 was
found to discriminate cervical lesions from the normal
group efficiently (Table 3). Moreover the combination of
ELISA-SLeA and ELISA-p53 discriminated the cancer
group from normal with 91.3% sensitivity and 96.7%
specificity (Table 3).

We found that SLeA decreased with increasing severity
of the cervical lesions (Fig. 2a), whereas increased SLeA
levels have been reported in colon and breast cancer tissues
(Renkonen et al. 1997; Matsui et al. 2004) and in the
squamous epithelium of cervical cancer (Engelstaedter
et al. 2012). Therefore, the trend of SLeA in the ECCs was
contrary to previous results. Creuzot-Garcher et al. found
reduced SLeA levels in pterygium tissue compared to
normal conjunctiva and suggested that this was due to
reduced Galb1-3GIcNAc a2,3-sialyltransferase (ST3Gal
III) levels in the pterygium tissue. Furthermore, they found
that SLeA was mainly located in the superficial layer of
normal conjunctive tissue but in the deep layer of ptery-
gium epithelium (Creuzot-Garcher et al. 1999). Thus, the
SLeA distribution may differ according to tissue layer. The
SLeA distribution in different cervical tissue layers needs
to be investigated. Meanwhile a protein carrying SLeA of

180-245 kDa was found in immunoprecipitates and
detected by Western blotting (Fig. 3d). The SLeA level
appeared to be markedly reduced in cervical cancer (Sup-
plementary Fig. S1A) although there was no difference in
banding patterns between normal and cancer on SDS-
PAGE as visualized by silver staining (Supplementary
Fig. S1B). Therefore, it is likely that the reduced level of
SLeA in cancer is caused by a reduced level of SLeA
structures on the carrier protein, rather than a reduced
amount of the protein carrying SLeA (Supplementary
Fig. S1).

HPV L1 is expressed during the maturation of basal
cells into the superficial layer cells of cervix tissue, and
may therefore be mainly found in the superficial layer
(Yemelyanova et al. 2013; Lee et al. 2014). One study
suggested that HPV L1 is located in the cytoplasm as well
as the nuclei of cells of the superficial cervix tissue in
cervical cancers (Lee et al. 2008), and others found that
HPV was mainly located in the cytoplasm of the superficial
layer cells in cervical cancer patients (Hernandez et al.
2011). Therefore we hypothesize that the HPV16 L1 levels
of the cytoplasm of the superficial layer cells of the cervix
may increase with the increasing severity of cervical
lesions. HPV16 L1 appeared to be the most effective bio-
marker for discriminating CINs and cervical cancer from
normal or cervical cancer from CINs (Table 2; Fig. 2d).
Our results indicate that L1 protein level in the cytoplasmic
fraction faithfully reflects the severity of cervical lesion
(Fig. 2d).

Previous studies showed that p53 is overexpressed in
cervical cancer tissue (Bremer et al. 1995; Dimitrakakis
et al. 2000; Zhou et al. 2015). In the present study, p53
levels in the cytoplasmic fractions of superficial cervical
layer cells increased with increasing stage of the cervical
lesions (Fig. 2c). Therefore, it appears that the enhanced
p53 levels in the basal layer cells of cervical neoplasias and
cancers are also reflected in the superficial layers.

E7 protein, an oncoprotein of HPV, plays a major role in
malignant transformation (Yim et al. 2005). The expression
of E7 increases as a function of the severity of cervical
lesions because integration of the gene into the host gen-
ome in high grade CIN stabilizes its expression (Narisawa-
Saito et al. 2007). Previously, a study showed that inte-
gration of the HPV 16 gene increased with stage of cervical
lesion (Li et al. 2008). The substantial increase of E7
protein in in ECCs in CIN III and cervical cancer in this
study is consistent with previous suggestions (Fig. 2b).

Both Hsp27 and Hsp70 increased in low grade CIN as
well as in high grade CIN and cervical cancer (Fig. 2e, f).
The expression of heat shock proteins is closely related to
virus infection because infection induces cellular stress
(Zugel et al. 1999). And the heat shock responses primarily
act to trigger the immune system (Merkling et al. 2015).
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Fig. 3 Western blot analysis of SLeA levels. Three micrograms of cell lysate protein from the normal and cancer groups were loaded per well
for SDS-PAGE (a), and 150 ng samples were loaded for Western blot to detect SLeA levels (b). Normal, n = 5; Cancer, n = 5. Mixtures of cell
lysates from 20 individual samples were loaded for Western blot (c¢). Native SLeA (purified from a human colon adenocarcinoma cell line,
Fitzgerald, USA) was used as positive control. The results show that Hela cells (a cervical cancer cell line) as well as ECCs from cervical cancers
have considerably reduced SLeA levels. The reduced SLeA level in Hela cells supports our findings. The decreased SLeA level was also
confirmed by immunoprecipitation followed by Western blot for detecting SLeA. Mixture of cell lysates was prepared from 10 individual
samples from normal or cancer. Mouse anti-SLeA monoclonal IgG, 1% input of the mixture and 10% of its immunoprecipitates were loaded for
Western blot (d). Anti-SLeA antibody dilution ratio: 1:10,000 for panel B and C; 1:50,000 for panel D

Therefore, we supposed that Hsp27 and Hsp70 levels may
increase even in early stages of cervical cancers, and the
Hsp levels observed agrees with that idea (Fig. 2e, f).

CA 15-3 is a member of the mucin family involved in
cancer cell proliferation and metastasis (Bhatt et al. 2010;
Nath et al. 2014). In our study, an increased CA 15-3 level
was found in the CIN I group (Fig. 2g). Therefore, CA
15-3 expression is sensitive to cervical lesions even though
CIN I has almost no relation to metastasis. Expression of
the mucin-type carbohydrate antigen Tn in cervix tissue is
in the increasing order normal, CIN III and cervical cancer
groups (Carrilho et al. 2000). These findings suggest the
members of the mucin family could be potential
biomarkers for cervical cancer screening.

In our study, an elevated SCCA level of cytoplasmic
fractions of superficial cervix layer was found in cervical
cancer group (Fig. 2h). Diaconu et al. also found increased
SCCA levels not only in superficial layer but also in
suprabasal layers in the basal cell carcinoma (Diaconu

et al. 2007). Therefore, our result is consistent with that of
Diaconu et al.

During the past two decade researchers have tried to
develop new biomarkers while the majority of these
biomarkers were discovered in histological samples and
although they detect cervical cancer with high accuracy
(Litjens et al. 2013) they are not suitable for primary
screening for several reasons: sample collection causes
patient stress, they are inaccurate and cannot cope with
large numbers of sample and they need costly equipment.
We expected that protein biomarkers from ECCs would be
suitable for primary screening of cervical cancer because
ECCs are easy to sample and can be used in a variety of
molecular assays (Davey et al. 2006; Arbyn et al. 2008).
Moreover, we thought that ECCs might reflect cellular
changes during cervical carcinogenesis, because ECCs are
derived from cells of the superficial layer that have
migrated from the basal layer (Steinau et al. 2005). In this
study, the simple format of ELISA was used to enhance the
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Table 2 Sensitivities,

specificities, P value, AUC Assay End point P value AUC Sensitivity (%) Specificity (%) Youden’s Index
value and Youden’s Index value gy o o CIN I+ 0.07 065 612 733 0.35
of individual assays for
distinguishing CIN I+, CIN CIN I+ 0.02 0.68 62.5 73.3 0.36
11+, CIN III+ or cancer group CINIII+ < 0.0001  0.79 74.6 76.7 0.51
from normal group Cancer <0.0001 09 95.7 73.3 0.69
HPV16 E7 CIN I+ 0.05 0.56 43 76.7 0.20
CIN I+ 0.027 0.58 33 90 0.23
CIN I+ 0.005 0.63 43.6 90 0.34
Cancer 0.0003  0.69 52.2 96.7 0.49
p53 CIN I+ 0.04 0.56 50 70 0.20
CIN I+ 0.04 0.58 39.7 86.7 0.26
CIN I+ 0.009 0.65 50.9 86.7 0.38
Cancer < 0.0001 0.84 73.9 86.7 0.61
HPV16 L1  CIN I+ 0.019 0.65 24.1 100 0.24
CIN I+ 0.017 0.68 62.5 60 0.23
CIN I+ 0.011 0.70 43.6 86.7 0.30
Cancer 0.001 0.81 87.0 60 0.47
Hsp70 CIN I+ 0.016 0.60 41.3 83.3 0.25
CIN I+ 0.029 0.58 37.5 83.3 0.21
CIN I+ 0.029 0.58 36.4 93.3 0.30
Cancer 0.011 0.67 56.5 83.3 0.40
Hsp27 CIN I+ 0.05 0.52 41.4 80 0.21
CIN I+ 0.066 0.53 42.1 80 0.22
CIN I+ 0.047 0.56 47.3 80 0.27
Cancer 0.009 0.62 56.5 80 0.37
CA 15-3 CIN I+ 0.16 0.51 314 86.7 0.18
CIN I+ 0.142 0.51 30.7 90 0.21
CIN I+ 0.108 0.54 30.9 90 0.21
Cancer 0.017 0.64 435 90 0.24
SCCA CIN I+ 0.18 0.51 26.7 93.3 0.20
CIN I+ 0.21 0.53 27.3 93.3 0.21
CIN I+ 0.14 0.51 40.0 83.3 0.23
Cancer 0.035 0.55 39.1 90 0.29

Table 3 Sensitivities, specificities, NPVs, PPVs, accuracy, P-values, and power of combination of different assays for distinguishing CIN I+,
CIN II+4, CIN III+ or cancer group from normal group

End-point Combination assay  Sensitivity (%) Specificity (%) NPV (%) PPV (%) Accuracy (%) P value Power (1-f) AUC

CIN I+ SLeA + HPV16 L1 69.8 73.3 38.6 91.0 70.6 0.001 091 0.69
CIN II+  SLeA + HPV16 L1 773 70 51.2 88.3 75.4 0.0002 0.97 0.74
CIN III+ SLeA + HPV16 L1 927 70 84 85 84.7 < 0.0001  0.9999 0.84
Cancer SLeA + HPV16 L1 913 86.7 92.9 84 88.7 < 0.0001 1.00 0.95

SLeA + p53 91.3 96.7 93.6 95.5 94.3 < 0.0001 1.00 0.97

use of ECCs and it is also easy to standardize because  increased by using precise cut-off values and that they

results can be expressed numerically. It is likely that the = could be validated in further studies.

accuracy of the ELISAs developed in this study could be The goal of primary screening of cervical cancer is to
discriminate CIN II4 patients from normal patients.
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Fig. 4 ROC curves of combination assays to discriminate CIN I+, CIN II+, CIN III+ and cancer samples from normal samples. ROC curves
are shown for the combination of ELISA-SLeA and ELISA-HPV16 L1 to discriminate CIN I+from normal (a), CIN II+ from normal (b) and
CIN III4 from normal (c). Panel D is a ROC curve for the combination of ELISA-SLeA and ELISA-p53 to discriminate the cancer group from

the normal group (d)

Because almost 90% of CIN I regresses within 2 years,
treatment is recommended for CIN I+ cases (Litjens et al.
2013). Therefore, the ability of each candidate to dis-
criminate between the (normal 4 CIN I) group and the CIN
II+ group was also assessed (Supplementary Table S2).
The values of Youden’s Index and AUCs indicated that
SLeA and HPV16 L1 were the most promising markers for
discriminating the CIN II+group from the control (nor-
mal 4+ CIN I) group. Both markers were also found to be
the most powerful markers for discriminating the CIN I+,
CIN II+4, CIN II+ and cancer groups from the normal

group (Table 2). Therefore it appears that SLeA and
HPV16 L1 may be useful in clinical application.

The rates of HPV16 DNA positivity in low-grade
squamous intraepithelial lesions (LSIL) and high grade
intraepithelial lesions (HSIL) have been reported to be 25.1
and 47.5%, respectively (Guan et al. 2012), and positive
rates for HPV16 L1 protein in the cervical tissue of LSIL
and HSIL patients were found to be 74 and 52%, respec-
tively (Uranbolor Jugder 2015). These findings indicate
that HPV viral proteins as well as HPV DNA could be
useful for detecting cervical lesions. HPV16 L1 and
HPV16 E7 levels in the HPV16 DNA positive group and
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HPV16 DNA negative group (other types of HPV DNA
positives) are compared in Supplementary Figure S2). The
levels of HPV viral proteins were compared in the high
grade CIN, cancer and CIN II+ groups, and elevated levels
of HPV16 L1 and HPV16 E7 were found not only in the
HPV16 DNA positive group but also in the “other types of
HPV DNA positive group”. It has been suggested that the
antibody against HPV16 L1 has cross-reactivity towards
HPV11, HPV31, HPV33, HPV52 or HPV58 L1, and that
the antibody against HPV16 E7 also has cross-reactivity
towards HPV31, HPV33, HPV35 or HPV58 (Scherpenisse
et al. 2013; Combes et al. 2014). Therefore, it is likely that
this cross-reactivity is responsible for the high apparent
rate of detection of HPV16 viral proteins. It has been
reported that the use of multiple high risk types of HPV
DNA increases the sensitivity of detection of cervical
lesions compared with using a single type of HPV DNA
(Agorastos et al. 2015). Therefore, simultaneous testing for
several HPV viral proteins is expected to increase the
sensitivity and specificity of detection of cervical lesions.

Although just eight candidates were used in the present
study, most of them showed considerable potential as
biomarkers. Therefore, it is expected that ECCs contain
many more potential candidate proteins. We suggest that
care should be taken to record any changes in protein levels
in ECCs as a basis for discovering new biomarkers for
cervical cancer.
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