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Abstract: Cervical cancer (CC) is the second most frequent neoplasia

among women worldwide. Cancer prevention programs around the

world have used the Papanicolaou (Pap) smear as the primary diagnostic

test to reduce the burden of CC. Nevertheless, such programs have not

been effective in developing countries, thus leading to research on

alternative tests for CC screening. During the virus life cycle and in the

process toward malignancy, different human papillomavirus (HPV)

proteins are expressed, and they induce a host humoral immune

response that can be used as a potential marker for different stages

of the disease. We present a new Slot blot assay to detect serum

antibodies against HPV16 E4, E7, and VLPs-L1 antigens. The system

was validated with sera from a female population (n¼ 485) aged 18 to

64 years referred to the dysplasia clinic at the General Hospital in

Cuautla, Morelos, Mexico. To evaluate the clinical performance of the

serological markers, the sensitivity, specificity, positive, and negative

predictive values and receiver-operating characteristic curves (for anti-

bodies alone or in combination) were calculated in groups of lesions of

increasing severity. The results showed high prevalence of anti-E4

(73%) and anti-E7 (80%) antibodies in the CC group. Seropositivity
Sc, Emilia Orozc D,
d Lourdes Gutierrez-Xicotencatl, PhD

only anti-E4þE7 antibodies (OR¼ 187.7). The best clinical perform-

ance to discriminate CC from cervical intraepithelial neoplasia 2 to 3

was the one for the combination of anti-E4 and/or anti-E7 antibodies,

which displayed high sensitivity (93.3%) and moderate specificity

(64.1%), followed by anti-E4 and anti-E7 antibodies (73.3% and

80%; 89.6% and 66%, respectively). In addition, the sensitivity of

anti-E4 and/or anti-E7 antibodies is high at any time of sexual activity

(TSA), which suggests they can be biomarkers for the early detection of

CC. The sensitivity of anti-E4 antibodies was low (<10%) when the

TSA was<10 years, and it increased up to 100% in relation to the TSA,

suggesting that anti-E4 antibodies can be useful as HPV exposure

markers at early stages of the disease.

(Medicine 95(6):e2769)

Abbreviations: AU = arbitrary units, AUC = area under the receiver-

operating characteristics curve, CC = cervical cancer, CI = con-

fidence interval, CIN = cervical intraepithelial neoplasia, ELISA =

Enzyme Link Immunosorbent Assay, GFP = green fluorescent

protein, HPV = human papillomavirus, HR = high risk, NPV =

negative predictive value, OR = odds ratio, Pap = Papanicolaou, PBS

= phosphae buffer solution, PPV = positive predictive value, TSA =

time of sexual activity, VLPs = virus-like particles.

INTRODUCTION

H uman papillomavirus (HPV) infections are a necessary
cause but not sufficient for cervical cancer (CC) to

develop.1,2 Women with persistent infections with high risk
(HR) HPVs, especially HPV16, are at increased risk of devel-
oping precancerous lesions that may ultimately progress to
CC.3–7

CC is the second most frequent neoplasia among women
worldwide. In developed countries, there is a marked decrease
in CC incidence and mortality rates due to efficient Papanico-
laou (Pap)-based screening programs. However, in developing
countries these programs are not that effective, thus leading to
the search for alternative tests for CC screening.8 For instance,
DNA testing for HR-HPV provides a more reliable identifi-
cation of women with cervical precancerous lesions and cancer
than Pap testing.9,10 The limitations of DNA testing for HR-
HPV include its complexity, its cost, and its inability to detect a
productive or persistent infection that could progress to CC.

During the virus life cycle and in the process toward
malignancy, different HPV proteins are expressed, and they
can induce a host humoral immune response.11 Some women
ill become seropositive, as an antibody
east 18 months to develop.12,13 The L1
is considered a marker of cumulative

www.md-journal.com | 1

mailto:mlxico@insp.mx
http://dx.doi.org/10.1097/MD.0000000000002769
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(n = 1000) 
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FIGURE 1. Flow diagram of the selection of the female study
population. CC¼ cervical cancer, CIN¼ cervical intraepithelial
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exposure to HPV, and it has been the study target for the
development of vaccines against the virus. Early proteins E6
and E7 interact with proteins involved in the cell cycle control
system and the DNA repair process (p53 and pRb, respectively);
therefore, they have been implicated in the induction and
maintenance of malignant cell transformation. The anti-E6
and anti-E7 antibodies have been identified as markers of
CC.11,14–16 The E4 protein binds to the cytoskeleton to promote
the release of viral particles and assembles into stable amyloid-
like fibers to finally accumulate in the lesion at different extents,
depending on lesion grade.17 In consequence, it has been
suggested that the detection of E4 protein and/or antibodies
against it in cervical biopsy tissues or serum can be markers for
cervical lesions.18–20

We present a new immunoenzymatic assay (Slot blot) to
detect serum antibodies against HPV16 capsid protein L1 and
early proteins E4 and E7. The system was validated in women
with precancerous lesions and CC, and it pointed to the benefit
of using antibodies against E4 and E7 to detect CC at early
stages of the disease.

MATERIALS AND METHODS

Study Population
Between 2007 and 2009, 1000 women that were referred to

the dysplasia clinic ‘‘Dr. Mauro Belauzaran Tapia’’ General
Hospital in Cuautla, Morelos, Mexico, were invited to participate
in our prospective serological study. Women who agreed to
participate in the study (n¼ 516) provided written informed
consent, answered a risk factor questionnaire, and donated a
blood sample to detect antibodies against HPVantigens (E4, E7,
and L1 VLPs [virus-like particles]). Women underwent clinical
examination, and the presence of uterine cervical lesions was
confirmed by histopathology, except for 31 women whose biopsy
sample was insufficient or inadequate (Figure 1). Women whose
cervical lesion was confirmed by histopathology underwent
treatment at the clinic according to the medical doctor.

The Ethical Research Committee at the National Institute
of Public Health in Mexico revised and approved the study.

Production of HPV16 Antigens for the Slot Blot
Assay

HPV16 antigens (E4 and E7) were produced in the in vitro
Rapid Translation System (RTS, Roche appliced Science,
Germany) at high concentrations and low contaminating
proteins from bacterial extract. Protein production of E4 and
E7 was performed at 228C for 16 hours with continuous stirring,
and it was purified on a Ni-NTA resin (Qiagen, Germany). The
VLPs-L1 from HPV16 were produced in High Five cells
infected with recombinant baculoviruses harboring the corre-
sponding L1 gene. After production, the VLPs-L1 was purified
using a cesium chloride gradient as described elsewhere.21 Viral
antigens (E4, E7, and VLPs-L1) were analyzed by immune
Western blot to verify the presence and identity of the proteins.
In the case of E4 and E7 proteins, an anti-His monoclonal
antibody generated in our laboratory was used to identify the 6-
His present in the recombinant proteins produced in vitro. The
HPV16 L1 protein was tested with an anti-HPV1 mouse mono-
clonal antibody (DAKO, Denmark) that recognizes a linear L1
epitope from several types of HPV including HPV16. The
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antigen-antibody reaction was detected using the Western
Lightning Chemiluminescence Reagent Plus (Perkin Elmer),
and it was analyzed with the Odyssey Fc system (LI-COR

2 | www.md-journal.com
GmbH, Germany). Protein concentrations from the different
viral antigens were calculated from the blots by using a standard
protein curve of previously purified E7 protein, and they were
analyzed using the Image Studio Lite 4.0.21 software.

The green fluorescent protein (GFP) was prepared under
the same in vitro conditions as the HPV antigens to discard the
background of the Slot blot system for each one of the
sera tested.

Slot Blot for Antibody Detection
Ten nanograms of E4, 10 ng of E7, 200 ng of VLPs-L1, or

200 ng of GFP proteins were placed per well onto a PROTRAN
nitrocellulose membrane using the Hybri-Slot Manifold (Bio-
metra, Germany), previously equilibrated with phosphae buffer
solution (PBS). Membranes were blocked with 10% nonfat milk
in PBS-0.05% Tween 20, and strips containing E4, E7, VLPs-
L1, and GFP proteins were cut and tested with the women’s sera.
The sera were diluted in blocking solution at 1:2,500 and
incubated at 4oC for 16 hours with continuous shaking. The

neoplasia grade 1, 2, or 3, HSIL¼high-grade squamous intrae-
pithelial lesion, LSIL¼ low-grade squamous intraepithelial lesion,
VLPs-L1¼ virus-like particles from L1 protein.
biotinylated secondary antibody (goat anti-human immunoglo-
bulins; dilution 1:10,000) (Jackson Immunoresearch Labora-
tories, USA) was diluted in blocking solution and incubated at
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4oC for 1.5 hours. To develop the system, Streptavidin-horse-
radish peroxidase (DAKO, Germany) diluted in PBS-0.05%
Tween 20 was incubated at 4oC for 1.5 hours, and it was
visualized by chemiluminescence in the Odyssey Fc system.
The images obtained from the slot blot assay were analyzed
with the Image Studio Lite 4.0.21 software (Figure 2).

Internal controls were used for each membrane strip: slot
without antigen to control for reagents background, and GFP
protein, an irrelevant antigen, to control for contaminants from
the antigen production and purification processes. To control for
sera background and for system reproducibility in the case of
the 3 antigens, a negative and a positive female serum were
introduced in the slot blot system for every 20 sera tested
(Figure 2). Although the difference between positive and nega-
tive signals was visible, we used the Image Studio software to
measure the optical density, and the cutoff points for each one of
the antibodies tested were established.

The cutoff points for anti-E4, anti-E7, and anti-VLPs-L1
for total immunoglobulins expressed as arbitrary units (AU/mL)
were calculated from a standard curve for each antibody using
the 4-parameter equation. The standard curves for each antibody
were derived from a pool of 10 serum samples from women with
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CC, HPV16 DNA-positive women, and anti-HPV antibody-
positive women by means of Enzyme Link Immunosorbent
Assay (ELISA). Serial dilutions of the pooled sera were carried

E4

10 ng 1

Sera from women
with CC 

Sera from
healthy women  

Control Sera 

E4 E

10 ng 1 

E4 E

10 ng 1 

1

2

1

2

1

2

A

B

C

FIGURE 2. Seropositivity to E4, E7, and VLPs-L1 in serum of healthy wo
antigens were immobilized in PROTRAN membranes using the Hybri-S
‘‘Materials and Methods.’’ Strips containing the 3 HPV16 antigens (E
alone and GFP 200 ng) were incubated with dilutions (1:2,500) of se
positive and negative female serum controls for anti-HPV antibodies (C
horseradish peroxidase (1:8,000) were used to develop the system, a
Odyssey Fc system. CC¼ cervical cancer, GFP¼green fluorescent pr
from L1 protein.
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out in the Slot blot system, and the standard curves were
constructed by measuring the number of pixels per area of
the specific antigen bands visualized in the Slot blot strips as
described above. The cutoff values were estimated by using a
control seruam bank (n¼ 81) from naive female adolescents
(aged between 9 and 13 years), and they were defined as the
geometric meanþ 2SD and established as 7 AU/mL for anti-E4,
2 AU/mL for anti-E7, and 4 AU/mL for anti-VLPs-L1.

Statistical Analysis
The research associate and the PhD student carrying out

the Slot blot were trained for 6 months to standardize, prepare,
develop, and read the Slot blot system. The personnel validated
the system with a control non–HPV-exposed young female
population and a female population with CC using the histo-
pathological diagnostic as the gold standard to discriminate true
cases. The personnel were blinded to the clinical information of
all the patients recruited in this study.

For the analysis, we compared the distributions of socio-
demographic and sexual behavior characteristics by pathologi-
cal diagnosis group. To identify the behavior of anti-HPV
antibodies during the development of CC, the prevalence of

Anti-HPV Antibodies as Diagnostic Markers for CC
each one of the serum antibodies against HPV antigens was
compared among the different cervical lesions and the time of
sexual activity (TSA). Logistic regression models were used to

E7 VLPs-L1 Buffer GFP

 ng 20 ng - 20 ng

Positive

Negative

7 VLPs-L1 Buffer GFP

ng 20 ng - 20 ng

7 VLPs-L1 Buffer GFP

ng 20 ng - 20 ng

men and women with CC by Slot blot system. In vitro purified HPV
lot system, and membranes were fixed and blocked as described in
4 10 ng, E7 10 ng, VLPs-L1 200 ng) and negative controls (buffer
ra from women with CC (A), sera from healthy women (B), and
). Biotinylated secondary antibody (dil 1:10,000) and Streptavidin-
nd the bands were finally visualized by chemiluminescence in the
otein, HPV¼human papillomavirus, VLPs-L1¼ virus-like particles
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TABLE 1. Sociodemographic and Sexual Behavior Characteristics of the Female Population Studied

Characteristic

Total Population
(n¼ 485)

Controls
(n¼ 150)

CIN 1
(n¼ 214)

CIN 2–3
(n¼ 106)

CC
(n¼ 15)

No. No. (%) No. (%) No. (%) No. (%)

Age
�29 y 73 10 (7) 43 (20) 19 (18) 1 (7)
30–39 y 163 46 (31) 79 (37) 33 (31) 5 (33)
40–49 y 147 46 (31) 66 (31) 29 (27) 6 (40)
�50 y 102 48 (32) 26 (12) 25 (24) 3 (20)

Marital status
Steady partner

�
380 123 (82) 167 (78) 79 (75) 11 (73)

No steady partnery 105 27 (18) 47 (22) 27 (25) 4 (27)
Smoking

No 399 119 (79) 181 (85) 89 (84) 10 (67)
Yes 86 31 (21) 33 (15) 17 (16) 5 (33)

Number of sexual partners
0–1 270 88 (59) 126 (59) 51 (48) 5 (33)
�2 215 62 (41) 88 (41) 55 (52) 10 (67)

Time of sexual activityz

�10 y 79 15 (10) 46 (21) 17 (16) 1 (7)
11–20 y 144 38 (25) 74 (35) 27 (26) 5 (33)
21–30 y 134 44 (29) 55 (26) 31 (29) 4 (27)
�31 y 128 53 (36) 39 (18) 31 (29) 5 (33)

�
Married or with stable partner.

t th
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estimate the multivariate odds ratios (ORs) and the 95% confi-
dence intervals (CIs) for the association of serological antibody
profiles against HPV16 antigens with precancerous lesions and
CC, adjusted by TSA. Profiles were determined in the sera from
women that presented only anti-E4, anti-E7, or anti-VLPs-L1
antibodies alone or in combination (anti-E4þE7, antiE4þVLPs-
L1, anti-E7þVLPs-L1, and anti-E4þE7þVLPs-L1). The anti-
E4þVLPs-L1 profile was not present in the sera of the female
population studied. There were no seropositives in the case of
only anti-E4, only anti-L1, anti VLPS-E7þVLPs-L1, and anti-
E4þE7þVLPs-L1 profiles in the reference group (group of
women seronegative to all antigens), and the OR could not be
calculated for these categories. Sensitivity, specificity, positive
predictive value (PPV) and negative predictive value (NPV), and
areas under the receiver-operating characteristics curve (AUC)
for the 3 serological markers alone and for the combined anti-E4
and/or anti-E7 marker were calculated in the groups of lesions
with increasing severity (cervical intraepithelial neoplasia [CIN
1] vs control group; CIN 2–3 vs CIN 1; CC vs CIN 2–3). Finally,
we evaluated the clinical performance of the serological markers
by comparing their prevalence across the categories of TSA. All
the tests were 2-sided and the level of significance was 5%. The
statistical analysis was carried out using Stata 12 statistical
software (Stata Corp, College Station, TX).

RESULTS

Population Characteristics

y Single women, widows, or divorcees.
zObtained by subtracting the age of onset of sexual life to the age a
The mean age of the final study population (n¼ 485) was
40 years (range 18–64 years). Out of the total population, 214
women were diagnosed with CIN 1, 72 with CIN 2, 34 with CIN

4 | www.md-journal.com
3, and 15 women with CC. A group of 150 women finally
diagnosed without cervical lesions accepted to participate as the
control group (mean age 43.6 years) (Table 1). The study
population’s overall sociodemographic and sexual behavior
characteristics did not show statistically significant differences
by pathological diagnosis groups. The highest prevalence of any
cervical lesion was in the 30 to 39 and 40 to 49 age groups (33%
and 40%, respectively) (Table 1). Most women were married or
had a steady partner (>75%) and had never smoked (82%). A
high prevalence of sexual behavior risk factors was present only
in the CIN 2 to CIN 3 and CC groups where >50% of the
women reported >2 sexual partners and >58% reported >20
years of initiated sexual activity. A parallel analysis of the
sociodemographic and sexual behavior characteristics of the 31
women that were not included in the study, due to an insufficient
or inadequate biopsy, did not show a statistical difference with
the female population studied.

Prevalence of Sera Antibodies Against HPV16
Proteins From Women With Different Cervical
Lesions

In an attempt to identify the behavior of the anti-HPV
antibodies during the development of CC, we compared the
prevalence of each one of the serum antibodies against HPV
antigens among the different cervical lesion groups (Figure 3A).
The prevalence of anti-E4 and anti-VLPs-L1 was low (17% and
9%, respectively) in the control and in all the CIN groups.
However, a substantial increase of the prevalence of anti-E4

e time of the study.
antibodies (73%) was observed in the CC group (Figure 3A).
Anti-E7 antibodies were highly prevalent even in normal
women (39%) as well as in CIN 2 to CIN 3 patients (34%),

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
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whereas women with CC showed the highest prevalence of anti-
E7 antibodies (80%) (Figure 3A).

We compared the prevalence of anti-HPV antibodies
among the TSA groups, as a measure of exposure to HPV
and as a risk factor to develop CC (Figure 3B). The prevalence
of anti-E7 antibodies was especially high (41%) among those in
the group with 11 to 20 years of TSA, and it remained around
30% for the rest of the TSA groups. In the case of anti-E4 and
anti-VLPs-L1 antibodies, the prevalence was around 15% and
9%, respectively, in the different TSA groups (Figure 3B).

Association of Antibodies Against HPVl6 E4, E7,
and VLPs-L1 in Patients With Premalignant and
Cancer of Lesions of the Uterine Cervix

The presence of serum antibodies against HPV16 E4, E7,
and VLPs-L1 was correlated with the lesion degree as shown in
Table 2. Initially, antibody profiles were analyzed as seropo-
sitive for only 1 antigen or for the combination of 2 or 3
serological markers, and the reference group included all those
women that were negative to all antigens (n¼ 296). A statisti-

degree of cervical lesions and CC to detect the presence of anti-E
antibodies against each one of the antigens was plotted against the
(B). CC¼ cervical cancer, HPV¼human papillomavirus, VLPs-L1¼
cally significant association was observed between seroposi-
tivity to any antigen and CC (OR¼ 21.7; 95% CI 2.8–170.2),
whereas seropositivity to 1, 2, or 3 antigens showed increasing

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
statistically significant associations with CC (OR¼ 12.6, 19.9,
and 58.5, respectively) (Table 2). On the contrary, when
serological markers were analyzed as antibody profiles (specific
antibody combinations), the strongest association was shown
between seropositivity to anti-E4þE7 antibodies and CC
(OR¼ 187.7; 95% CI 8.3–4232.9). A marginal association of
seropositivity with only anti-E7 antibodies and CIN 2 to CIN 3
lesions (OR¼ 1.92, 95% CI 0.9–4.0) was also observed
(Table 2). No statistically significant associations were found
between the rest of the specific antibody profiles and the CIN 1
and CIN 2 to CIN 3 groups (Table 2).

In addition, when serological markers were analyzed as
seropositive for 1 antigen (seropositive for one specific marker
alone and/or in combination with others) and the reference
group included women who were exclusively seronegative for
that specific marker category, the ORs for the association
between antibodies and CC ranged between 6.34 (anti-E7
and anti-VLPs-L1) and 13.10 (anti-E4) (Table 2). When the
analysis was carried out for seropositivity to multiple antigens
(combination of 2 or 3 antibodies together or separately) and the
reference groups included women who were seronegative to 2

), anti-E7 (D) and anti-VLPs-L1 ( ) antibodies. The frequency of
gree of the cervical lesion (A) or against the time of sexual activity

us-like particles from L1 protein.
or 3 antigens, the results showed that anti-E7 and/or anti-VLPs-
L1 seropositivity was associated to CC (OR¼ 6.36). However, a
higher association with CC was observed in the case of anti-E4

www.md-journal.com | 5
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TABLE 3. Comparison of HPV16 Serological Markers as Diag-
nostic Test for Cervical Cancer

Diagnostic Anti-E4 Anti-E7
Anti-

VLPs-L1
Anti-E4 and/

or E7

CIN 1 vs control (n¼ 214/150)
Sensitivity 12.1 32.7 7.9 33.1
Specificity 82.7 61.3 90.7 61.3
PPV 50.0 54.7 54.8 55.0
NPV 39.7 38.9 40.8 39.1
AUC 0.47 0.47 0.49 0.47

CIN 2–3 vs CIN 1 (n¼ 106/214)
Sensitivity 10.4 33.9 5.7 33.9
Specificity 87.9 67.3 92.0 66.8
PPV 29.7 33.9 26.1 34.9
NPV 66.4 67.2 66.3 67.7
AUC 0.49 0.51 0.49 0.51

CC vs CIN 2–3 (n¼ 15/106)
Sensitivity 73.3 80.0 40.0 93.3
Specificity 89.6 66.0 94.3 64.1
PPV 50.0 25.0 50.0 26.9
NPV 95.7 95.9 91.7 98.5
AUC 0.81 0.73 0.67 0.79

Anti-HPV Antibodies as Diagnostic Markers for CC
and/or anti-E7 seropositivity (OR¼ 22.23) and anti-E4 and/or
anti-E7 and/or anti-VLPs-L1 seropositivity (OR¼ 21.7). All of
these associations were statistically significant (Table 2).

Clinical Performance of Serological Markers by
Degree of Cervical Lesion

The clinical performance (sensitivity, specificity, PPV,
NPV, and AUC) was determined for the 3 serological markers
separately and for the combined serological marker anti-E4 and/
or anti-E7 in the different groups of lesions of increasing
severity (CIN 1 vs control group; CIN 2–3 vs CIN 1; CC vs
CIN 2–3) as shown in Table 3. Anti-E4 and anti-E7 antibodies,
as separate markers, were the most sensitive to detect CC
(73.3% and 80%, respectively) and to differentiate it from
CIN 2 to CIN 3. However, the highest sensitivity to differentiate
CIN 2 to CIN 3 from CC was shown by the combined anti-E4
and/or anti-E7 marker (93.3%). The sensitivity displayed by the
separated and combined serological markers in the remaining
comparison groups was low (<40%) (Table 3).

The anti-E7 marker was the less specific (61.3%–67.3%)
in all the comparison groups, followed by the anti-E4 (82.7%–
89.6%). The serological marker with the highest specificity was
the anti-VLPs-L1, according to the lesion degree (90.7%–
94.3%) (Table 3). The anti-VLPs-L1 marker showed the highest
PPV (54.8%) when comparing the CIN 1 group and the controls.
The combined anti-E4 and/or anti-E7 marker displayed the
highest NPV (98.5%) when comparing CIN 2 to CIN 3 and CC.

In terms of the comparison between CIN 2 to CIN 3 and
CC, the AUCs ranged from 0.67 (anti-VLPs-L1) to 0.81 (anti-
E4). The remaining comparison AUCs of each serological
markers were close to 0.50.

Finally, we evaluated the clinical performance of the
serological markers by comparing their prevalence across the
TSA categories (Figure 4). When comparing the early stages of
the disease (CIN 2–3 vs CIN 1), the higher sensitivity was
observed for serological markers anti-E7 and anti-E4 and/or
anti-E7 (approximately 40%) with 2 slight peaks at ages �10
and 21 to 30 years (Figure 4A) and a maximum PPV of 47% for
women with a TSA�21 years (Figure 4B). On the contrary, the
sensitivity to discriminate CC from CIN 2 to CIN 3 had an
increasing trend for serological markers anti-VLPs-L1 (0%–
60%) and anti-E4 (0%–100%) with increasing years of TSA.
The sensitivity shown by serological markers anti-E7 and anti-
E4 and/or E7 was between 80% and 100% across the different
TSA categories, although a low sensitivity was observed in the
21 to 30 years TSA group (50%) (Figure 4C). The best PPVs for
CC vs CIN 2 to CIN 3 were observed for markers anti-E4 and
anti-VLPs-L1 (83% and 60%, respectively) at TSA �31 years.
On the contrary, serological markers anti-E7 and anti-E4 and/or
anti-E7 displayed fluctuating PPVs with a maximum of 35% for
both TSA categories 11 to 20 and �31 years (Figure 4D).
Therefore, serological markers anti-E4 and/or anti-E7 displayed
the best performance to differentiate CC from CIN 2 to CIN 3,
with a high sensitivity and a PPV of around 35%, from early
HPV exposure (TSA �10 years).

DISCUSSION
We have hereby evaluated the clinical performance (sen-

sitivity, specificity, PPV, NPV, and AUC) of serum antibodies
against HPV16 E4, E7, and VLPs-L1 (alone or in combination)

Medicine � Volume 95, Number 6, February 2016
to detect women with CC by means of a novel immunoenzy-
matic assay (Slot blot). We found positive associations between
virtually all serological markers and CC, and this novel Slot blot

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
showed a high ability to discriminate CC from CIN 2 to CIN 3
through the detection of anti-E4, anti-E7, and anti-E4 and/or
anti-E7 serological markers (AUC¼ 0.81, 0.73, and 0.79,
respectively). The anti-E4 and/or anti-E7 antibodies displayed
the best clinical performance with high sensitivity (93%) and
moderate specificity (64%). In addition, the sensitivity of anti-
E4 and/or anti-E7 antibodies was high for all categories of TSA,
which suggests that these antibodies can be used as biomarkers
for the early detection of CC.

The analysis of the humoral immune response against the
HPV infection has been mainly used to study current and past
HPV infections and more recently to follow the efficacy of HPV
vaccines.22 Some groups have also investigated the presence of
antibodies to HPV antigens in patients with different degree of
cervical lesions associated to the viral infection, and it has been
suggested that these antibodies can be markers of disease
progression and of CC diagnosis.18,19,23,24 However, these
results are still inconclusive, more detailed, and larger clinical
studies needs to be carried out to support the use of anti-HPV
antibodies for the diagnosis of CC.

It was previously demonstrated that there is a high preva-
lence of anti-E7 antibodies among women with CIN 1 to CIN 2
(50%), CIN 3 (70%), and CC (75%), but the main association of
these antibodies was observed with respect to CC
(OR¼ 108),18,19 thus establishing the importance of these
antibodies for the detection of CC. These results are in agree-
ment with our observations because we found the highest
prevalence of anti-E7 antibodies in the CIN 2 to CIN 3 and
CC groups (34% and 80%, respectively), as well as an increas-
ing association between these antibodies and these 2 cervical
lesion groups (OR¼ 1.92 and 10.0, respectively). In contrast,

AUC¼ area under the receiver-operating characteristic curve,
NPV¼ negative predictive value, PPV¼ positive predictive value.
there were differences observed in terms of the prevalence of
anti-E7 antibodies between the CIN 1 and the control groups
because our results showed higher prevalence (33% and 39%,

www.md-journal.com | 7
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FIGURE 4. Clinical performance of anti-E4, anti-E7, and anti-VLPs-L1 antibodies in relation to the time of sexual activity. The sera from 150
healthy women and 335 women with different-degree of cervical lesions and CC were tested by Slot blot system for the presence of anti-E4
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respectively) than those previously reported (CIN 1–3¼ 14%
and controls¼ 3%).18 These variations could be ascribed to the
different antigens used (in vitro translation vs bacterial expres-
sion), as well as to the antigen purification methods (affinity
chromatography vs electro-elution). Overall, these results
suggest that anti-E7 antibodies are generated early during the
development of the cervical lesion, and they remain detectable
at all the different stages of the disease with a substantial
increase in the case of CC, which correlates with the over-
expression of the E7 protein during the late stages of the disease.
This is in agreement with the clinical performance of anti-E7
antibodies observed in the Slot blot assay that showed a
moderate ability to discriminate CC from CIN 2 to CIN 3
lesions (AUC¼ 0.73), with high sensitivity (80%) and a low
false negative rate (20%), which corroborates the usefulness of
anti-E7 antibodies as markers of CC.

E4 HPV protein is highly expressed in low-grade lesions
(coinciding with viral replication), and it is almost absent
in high-grade lesions; thus, E4 was proposed as a viral replica-
tion marker.17,20,25 The detection of anti-E4 antibodies has
become an indirect amplified way to detect this important
marker. Several epidemiological studies have shown a higher

(O), anti-E7 ( ), anti-VLPs-L1 ( ) antibodies and the combined an
predictive values were calculated for each one of the serological mar
CIN 2 to CIN 3 vs CIN 1 (A and B) and CC versus CIN 2 to CIN 3 (C an
prevalence of anti-E4 antibodies in women with premalignant
lesions than among those with CC or in the general popu-
lation.11,18,26,27 Previously, Pedroza-Saavedra et al18 showed

8 | www.md-journal.com
that anti-E4 antibodies were present at low prevalence in
healthy women (10%), but they were elevated in women with
CIN 1 to CIN 3 lesions (58%–66%) and among CC patients
(60%), suggesting an early immune recognition of this protein.
On the contrary, other groups have shown a low prevalence of
anti-E4 antibodies in healthy women (4%–24%), as well as
among CC patients (17%–29%).11,27,28 Our results are partially
in agreement with Pedroza-Saavedra et al’s findings because we
reported a low prevalence of anti-E4 antibodies in the control
population (17%) and a high prevalence (73%) among CC
patients; on the contrary, the prevalence of these anti-E4
antibodies remained low in the CIN 1 and CIN 2 to CIN 3
groups (12% and 10%, respectively). The different results
among the CIN 1 to CIN 3 patients could be due to the highly
purified HPV viral antigens used in the Slot blot, which allow
the use of reduced amounts of viral antigens, a reduction of
background and a better estimate of the cutoff points, all of
which could help to detect the real anti-E4 seropositive patients.

It is noteworthy that we identified the sensitivity of anti-E4
antibodies to be low (<10%) when the TSA was <10 years, but
it increased up to 100% when the TSA was >31 years. This
suggests that anti-E4 antibodies can be useful as HPV exposure

4 and/or anti-E7 marker (X). The Slot blot sensitivity and positive
s and plotted against groups of lesions of increasing severity such as
). CC¼ cervical cancer, VLPs-L1¼ virus-like particles from L1 protein
markers at early stages of the disease.
The normal immune response against L1 protein generates

neutralizing antibodies, with seroconversion taking place

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



between 8 to 9 months after the first HPV DNA detection;
antibody titers are low, and between 50% and 70% of women
seroconvert.13 This protective anti-L1 response persists for at
least 10 years and it has been used as marker of past HPV
exposure.22 Recently, the generation of VLPs-L1 has allowed
the characterization of the anti-VLPs-L1 antibody response in
different female populations. It was found that anti-VLPs-L1
antibodies increase with the severity of the cervical lesion, and
that they are probably not neutralizing, as cervical lesions are
able to progress.29–34 In another study, anti-VLPs-L1 antibodies
were associated to CIN 3 and CC.35 Our results are consistent
with these data because the prevalence of anti-VLPs-L1 anti-
bodies in our population was low (6%–9%) at early stages of the
disease, and it increased importantly at the stage of CC (40%),
during which a statistically significant association was also
observed with CC (OR¼ 6.47) but not with high-grade lesions
as has been reported before.

The clinical performance of this anti-VLPs-L1 marker was
low: the sensitivity was only 40%, but it displayed high specificity
(94%). A likely explanation is that only HPV16 antigens were
used in the Slot blot system and cross-reactivity with other HPV
types is very low in the case of VLPs-L1. However, both
sensitivity and specificity can be increased if several L1 antigens
from different HPV types are introduced in the system, as was
demonstrated in the Luminex Multiplex system.36

During our analysis, it became clear that seropositivity to
E4 and/or E7 has an additive effect to discriminate women with
CC from those with CIN 2 to CIN 3 (AUC¼ 0.79), with a high
sensitivity (93%) and moderate specificity (64%). The sequen-
tial expression of viral proteins depends upon the viral cycle,
allowing the identification of different infection stages such as
replication (associated to E4 protein), transformation (associ-
ated to E6/E7 proteins), and past infections (associated to L1
protein). In this context, the immune system generates an
antibody response against the different HPV antigens, as they
appear in the system, allowing the indirect identification of the
different infection stages. Thus, the expression of anti-E4
antibodies has been related to viral replication, whereas anti-
E7 antibodies are considered markers of a current HPV-related
malignancy.23,37–39 In this context, the use of the combined
anti-E4 and/or anti-E7 serological markers in the Slot blot
system allowed us to identify CC patients more precisely than
when markers were used separately.

For the study of the humoral immune response, the ELISA
system has been the most frequently used method to detect
antibodies against HPV antigens. The ELISA has shown high
specificity but low sensitivity, and this could fluctuate depend-
ing on the type of antigen, its purity, the serum dilution, and the
antigen concentration.19,23,40–47 On the contrary, the Western
blot technology has been used to detect anti-E4 and anti-E7
antibodies, but the sensitivity varies depending on the devel-
oping methods such as the colorimetric or radioactive ones. The
latter showed a specificity of 78% and a sensitivity of
67%.18,42,48 Despite the good performance of the Western blot
system, its implementation in large epidemiological studies is
hampered by its technical complexity. Therefore, we decided to
develop a Slot blot system to reduce the complexity of the
Western blot, without compromising the sensitivity and speci-
ficity of the assay. Thus, we used highly purified viral antigens,
the biotin-streptavidin-HRP system enhancer and developed by
chemiluminescence to maximize the sensitivity of the method.

Medicine � Volume 95, Number 6, February 2016
These modifications allow the use of low concentrations of viral
antigens and high dilutions of sera and secondary antibodies,
making the reduction of the background and a better estimate of

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
the cutoff points possible. The novel Slot blot system that we
developed in our laboratory was standardized to detect serum
antibodies against HPV16 antigens (E4, E7, and VLPs-L1), and
it displayed a high clinical performance for the identification of
women at risk of developing CC. The performance of the Slot
blot system could be improved by adding the detection of
antibodies against HPV18 antigens, as it has been shown that
HPV types 16 and 18 account for >70% of the CC cases.

Finally, the improvement of CC screening programs is an
important task in low- and middle-income countries as the
mortality rates have not decreased in the past 20 years as
compared with high-income countries.49,50 The main problem
is the inefficient set up of the Pap test in low-income countries
due to insufficient laboratory facilities, transportation and
tracking of specimens, trained cytopathologists, patients fol-
low-up, with a final increase in costs due to treatment of real
patients that were not identified during the screening.50–52 On
the contrary, the sensitivity of the Pap test is very variable
(50%–84%),39,53,54 and on top of this, there is a high number of
false positives that are referred to colposcopy with the con-
comitant saturation of this health service.55 In this sense, the
serological test for anti-E4 and anti-E7 antibodies could poten-
tially be used after a positive Pap test or in co-testing with this,
helping to decrease the false positives of the Pap test and
discriminate the real CC cases as the NPV of this serological
test is very high (98%). However, further prospective studies are
necessary to confirm the usefulness of anti-E4 and anti-E7
antibodies as biomarkers for early detection of CC.

In conclusion, our novel Slot blot displayed a good clinical
performance to detect CC and to discriminate it from prema-
lignant lesions. More generally, our results point to the benefit
of using anti-E4 and anti-E7 antibodies to detect CC at early
stages of the disease at the level of the general population.
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