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Summary

The aim of this study was to estimate of the role of chronic HPV 16 infection and the presence of anti E6 HPV 16 in the initia-

tion of the cancerogenesis process of cervical cancer.

Material and Methods: The study included two groups of patients. The first group comprised 323 women observed for three con-
secutive years (1998-2000), in whom the presence of HPV 16 viruses was estimated by PCR, and the level of anti E6 HPV 16 anti-
bodies was estimated in the plasma with ELISA. A similar test was performed in a group of 46 patients with cervical intraepithe-
lial neoplasia (CIN), 91 patients with invasive cervical cancer and 22 women after hysterectomy and RTG-therapy.

Results: In 32 patients, chronic HPV 16 infection showed a steady rise in the mean absorbance level of anti E6 HPV 16 anti-
bodies from 0.04 in 1998 to 0.06 in 2000, while in HPV-negative women the mean absorbance value was 0.03-0.04.

Mean absorbance value in patients with CIN III and invasive cancer rose with advancing stage of the cancer process and lowered
after completion of oncological treatment. The values were 0.14, 0.33 and 0.13, respectively.

Conclusion: The persistence of chronic HPV 16 infection and accompanying steady rise in absorbance index caused by an
increase in the level of antiviral antibodies are a clear warning signal preceding in time the histological process of cancerogenesis.
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Introduction

Papillomaviruses are non-enveloped, double-stranded
DNA viruses containing a circular genome of approxi-
mately 8,000 base pairs and are associated with the major-
ity of cervical carcinomas. The genome can be divided into
three functional regions: early, late and control. The early
region of HPV 16 is composed of open reading frames, E1,
E2, E4, ES, E6, E7, whose gene products are responsible
for viral DNA replication, transcriptional control and cel-
lular transformation [1, 3, 23, 25]. The E6 and E7 encode
oncoproteins that bind with cellular tumor suppressor gene
products, p53 and pRB, respectively, and through their
interaction promote cell-cycle progression [6, 7, 19, 24].

Expression of HPV 16 E6 and E7 open reading frames
is regulated by the HPV E2 protein. Malignant transfor-
mation is usually accompanied by disruption of the E2
gene and consequent deregulated expression of E6 and E7.
HPV infection has been diagnosed on the basis of cyto-
logical, colposcopic, histological and molecular examina-
tion using PCR and nucleic acid hybridization. An alterna-
tive method for detecting HPV infection could be
serological assays, which may monitor current and past
infection. In the present study serum HPV 16 E6 antibod-
ies were measured in healthy women without HPV infec-
tion (control group), asymptomatic carriers and women
with cervical cancer before hysterectomy and after RTG-
therapy.
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Material and Methods

Samples

Samples of plasma were collected from two groups of
women. The first group of was comprised of women 35-50
years old (mean age 45), who were examined gynecologically
for three consecutive years from 1998-2000. All of them had
their blood drawn for evaluation of anti HPV 16 E6 antibodies.
A Pap smear was done for cytological evaluation and for HPV
16 DNA isolation for further PCR. In 1998 323 women were
diagnosed in this manner; in 1999 from the previous group only
220 reported back and in 2000 - only 168. A total of 711 plasma
samples were collected. These women comprised a control
group for women with cervical intraepithelial neoplasia (CIN)
and cervical cancer.

The second group of women was established upon discover-
ing in the first gynecological examination changes within the
cervix. In this group of women blood was collected form 46
women with intraepithelial neoplasia; ten from women with
CIN I and 36 plasma samples were obtained form women with
CIN III. Additionally 91 samples of blood were collected from
women with invasive cancer (FIGO Stage I, II) and 22 plasma
samples form patients after the end of the therapeutical process.
Women with cervical cancer had their blood drawn twice:
before the operation and after finishing oncological treatment
(brachy- and teletherapy). In the second group of women there
were 159 plasma samples collected; altogether the antibodies
were measured in 870 samples.

Expression of E6 HPV 16 in Escherichia coli

The E6 coding sequence was cloned after PCR amplification
from the reference clone of HPV 16 (Gene Bank Acc. no.
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K02817), with primers designed to introduce Bam HI and Hind
IIT restriction enzyme sites. The forward and reverse primer
sequences were:

5" AGAGGATCCGATGCACAAAAAGAGAACTGCA3' and
5' CATAAGCTTACAGCTGGGTTTCTCTACG?3', respectively.
Amplification was performed with 0.2 mM concentration of
each primer and 0.4 U of Taqg DNA polymerase (DyNAzyme,
Finnzymes). Following restriction of enzyme digestion the PCR
product was cloned into pET28b + vector (Novagen). DNA
sequencing was performed using T7 forward primer. Recombi-
nant vector pET28 - E6 HPV 16 was introduced in E. coli BL21
DE3pLys. Overexpression was induced at (OD = 4.0) by using
1 mM IPTG (isopropylthiogalactozyd). E. coli cells were har-
vested three hours after induction and pellets were incubated on
ice for 15 min in lysis buffer. Cell lysates were centrifuged
(10000 g, 30 min) and the soluble fraction of protein was used
to purify E6 oncoprotein by affinity chromatography. Purifica-
tion of recombinant protein was performed in native conditions
on HisTrap™ column (Amersham Pharmacia Biotech) on a
AKTA Explorer chromatograph (Amersham Pharmacia
Biotech).

Antigen E6 HPV 16 binding enzyme-linked immunosorbent
assay (ELISA)

The standard assay employed to study antibodies binding to
E6 protein was a sandwich enzyme-linked immunosorbent
assay. Antigen E6 was diluted to 5 ug/ml in PBS, pH 7.2 and
96-well plates were coated lhr at 37°C. Plates were incubated
in PBST (PBS + 0.05% Tween 20) with 1% gelatine lhr at
37°C. Bound antigen was incubated lhr at 37°C with 100 ul
diluted to 1:100 serum with PBST. Antibodies were detected
with anti-human polyvalent goat immunoglobulin conjugated to
horseradish peroxidase. Absorbance was read in ELISA Lab-
systems Multiscan PLUS rader at 450 nm.

Identification of HPV DNA 16 sequence

Cellular DNA was extracted as described by Fife and exam-
ined by polymerase chain reaction with specific primers to
target the L1 gene region of HPV 16 (primers HPV 16/L1A,
HPV 16/L1B, size product 264 bp) [14].

Results

Of 323 women diagnosed in 1998, HPV 16 infection
was diagnosed in 56 women (17.3%). Pap smears in all
women were normal. Of 220 women studied in 1999, 159
were HPV 16 negative and among HPV 16 positive
patients in 42 women the infection was still present. In all
women cytological smears were normal. In 19 women
who were HPV negative a year before, HPV 16 infection
was found. Of women diagnosed in 2000, in a group of
women who were diagnosed HPV 16 positive for two
consecutive years 32 still had HPV 16 infection and in
five there was a diagnosis of HSIL. Signs of the presence
of the virus were not found in 123 women, while in 13
HPV 16 negative patients HPV 16 infection was found in
the cervix before occurrence of cervical cancer. Results
are demonstrated in Table 1.

Compared to the whole population of 323 studied
women HPV 16 infection was persistent for three years
in 32 patients, which constitutes 9.9%, while an infection
lasting only one year was also present in 32 patients. In

Table 1.— Number of women examined gynecologically for
the first time in 1998 and then in 1999 and 2000. Presence of
HPYV 16 infection and changes in epithelial cells in the cervical
smears.

Year Number HPV 16+ HPV16- HPV16- + HPV16+
of patients /% HSIL /% HSIL /%  HSIL
1988 323 56/173 - 267/82.6 - - -
1999 220 42/190 - 1597720 - 19/190 -
2000 168  32/19.0 5/16 123/730 - 13/80 -

a group of women who were HPV 16 positive for three
years there was a constant and noticeable rise in
absorbance measurement from 0.04 in 1998 to 0.06 in
2000 (Table 2). The mean absorbance in seropositive
women from the control group, who were HPV negative
was from 0.03-0.04 (Table 3). Relatively constant results
of absorbance in this group of women coexisted with lack
of signs of viral infection for three successive years.
Comparison of mean absorbance in the plasma of
seropositive women with CIN I, CIN III (CIS), invasive
carcinoma (blood collected before radical hysterectomy)
and final treatment clearly shows a rise in the absorbance
values with advancement of the cancerogenesis process
and lowering after the end of RTG-therapy (Table 4).

It is worth noting that over three years of examination
of absorbance with wavelength in plasma from women
with chronic viral infection, the mean values were similar
to values achieved in women with CIN I (Tables 2 and 4).

Table 2. — The results of mean absorbance antibody against E6
HPV 16 measurements in the plasma of seropositive women from
the control group;, HPV positive cases performed with ELISA.

Year Number of Mean absorbance
HPV 16+/seropositive
1988 56/47 0.04
1999 42/40 0.05
2000 32/32 0.06
Table 3. — The results of mean absorbance antibody against

E6 HPV 16 measurement in the plasma of seropositive women

from the control group; HPV 16 negative cases performed with

ELISA.
Year Number of HPV16/18- Mean absorbance
Iseropositive [% of all
HPV-women}
1988 35267 [13%] 0.04
1999 21/159 [13.2%] 0.03
2000 28/123 [22.7%] 0.03
Table 4. — The results of mean absorbance values of anti E6

HPV 16 antibodies in the ELISA test in the plasma of women
with CIN I, CIN III (CIS), invasive carcinoma and after the end
of oncologic treatment.

Diagnosis Number of patients Mean absorbance
CINI 10 0.06
CIN IIT (CIS) 36 0.14
Invasive carcinoma 91 0.33
Invasive carcinoma after

RTG-therapy 22 0.13
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Discussion

Detecting antibodies directed against viral epitopes is
one of the methods gaining popularity in the studies of
HPV infection spread [4, 10, 21, 28, 36]. There is also a
search for correlations between the level of antibodies
and cancerogenic processes and cervical cancer. The
studies focus mainly on the presence in plasma antibod-
ies directed against viral oncoproteins E6 and E7, highly
oncogenic HPV types 16 and 18, in patients with CIN
and invasive cervical cancer.

The opening serological results form 323 women con-
ducted in 1998 are inconclusive. Using the PCR method
we found in 17.3% (56/323) of women the presence of
HPV 16 DNA in normal cytological smears from the
cervix. Among 47 women from 56 infected with HPV
there was a detectable presence of E6 in the plasma. Of
267 HPV-negative women in 13% (35/267) the presence of
anti E6 HPV 16 antibodies was found. The mean
absorbance value was 0.04. The results of seropositive
women with normal Pap smears are not surprising. Other
authors also found antibodies directed against E7 HPV 16
in a group of women HPV 16 negative [8, 16, 19, 20, 22,
27]. There are considerable differences among results
interpreting extent of HPV 16 antibodies for studied pop-
ulations with normal Pap smears ranging from 14% to
59% of seropositive results. This phenomenon is probably
caused by the possibility of spontaneous regression of a
past infection, which has been observed in 24.8-68% of
HPV infected women, especially in young women with a
better immunologic system function [16, 18, 30-32]. The
mean value of absorbance in women both HPV 16 positive
and seropositive evaluated in 1999 and 2000 changed from
0.04 in 1998 to 0.06 in 2000. The mean values of
absorbance for the remaining seropositive women from the
control group in subsequent years of observation was at or
below 0.04. The analysis of the mean absorbance in the
three-year period in a group of HPV 16+ and seropositive
for protein E6 women selected in 1998 suggests the devel-
opment of a chronic infection in this group of patients and
in consequence progression of the cervical disease. Proof
of this was finding HSIL in 2000 in the cervix of five
women (Table 1). The results achieved suggest that chronic
infection with HPV16 and seropositivity for viral antigens
are factors favoring the cancerogenic process.

In our research we found clear differences in the
absorbance with 450 nm wavelength in the plasma of
women with CIN I and CIN III, 0.06 and 0.14, respec-
tively. Similar results were achieved by other authors [12,
16, 18, 21, 34]. De Sanjose et al. [8] also confirmed a
clear and noticeable rise in seropositivity values associ-
ated with progression of the dysplasia. The highest
number of patients with anti E6 HPV 16 antibodies was
found in the CIN III group, and was connected with the
development of invasive cervical cancer.

There are many reports considering the usefulness of
evaluating different antibodies directed against epitopes
of highly oncogenic types of HPV [11, 16, 19, 20, 35].
Most of the research focuses on protein E7. The interest
in E7 HPV 16 antibodies that has been raised in the last

few years gave way to the first attempts to try and esti-
mate the correlation of the increase in cervical cancer
with the presence of certain fractions of these antibodies
against selected E7 HPV 16 epitopes. De Sanjose and co-
workers studied E7/1, E7/2, E7/3 HPV 16 antibodies and
suggested that the worse prognosis is associated with the
presence in plasma of E7/2 HPV 16 antibodies, raising the
risk of developing cancer 4.3 times, and the presence of
a high titer of the E7/1 HPV 16 antibody raises that risk
22.6 times [8]. Describing such a precise correlation
between antibody type and risk of developing cancer
seems a little premature at the present state of knowledge.
During evaluation of antibodies in women with HPV
infection long-term observation seems most important.
Our studies with the anti E6 HPV 16 antibodies showed
that in patients with invasive cervical cancer the mean
absorbance in the ELISA was 0.33, and in patients after
RTG-therapy this value decreased to 0.13. Our research
suggests a correlation between the mass of neoplastic
tissue and rising anti E6 antibodies.

The highest absorbance values were detected in
advanced invasive cancers. Highly suggestive is the
marked lowering of the absorbance after the end of rtg-
therapy from 0.33 to 0.13. In 59% of women (57/91)
treated for cervical cancer the presence of anti E6 HPV 16
antibodies was detected in the plasma. This result differs
from the mean frequency of seroconversison of antiHPV
antibodies in cervical cancer patients in other studies,
which never exceeded 50% [8, 16, 19, 20]. The higher
number of seropositive women in this study can be attrib-
uted to two factors. First, we evaluated the antibodies
directed against E6 HPV16, which according to many
authors clearly correlates with cervical cancer. Secondly in
the studied population a large number of women had cer-
vical cancer in Stage Ib. The phenomenon of the rise of
seroconversion with the advance of stage of cervical cancer
has been confirmed by various authors [2, 5, 11, 15, 33].
Sun et al. utilizing the E6 and E7 protein synthesized in
vivo as an antigen source, also confirmed the above-men-
tioned correlations and stated that using such substrates
allows the development of a very specific and sensitive
method [29]. There are single papers whose authors point
to the presence of anti HPV 16 antibodies as an indepen-
dent prognostic factor [2, 33]. Our results together with
other data prove that there is a clear chance for practical
use of serological methods based on detection of viral anti-
bodies in the prophylaxis of cervical cancer. At present the
belief, backed up by numerous and trustworthy data, is that
malignant cancer starts with changes in the genes.
Acknowledging that fact, modern oncologic prophylactic
methods should enable the detection of a neoplastic
process at the level of activation of protooncogenes and
inactivation of suppressor genes together with detection of
oncogenic HPV viruses. From a practical point of view, it
would involve confirmation of chronic HPV infection
(repeated positive PCR, confirming the presence of HPV
DNA), which is accompanied by a rise in the absorbance
associated with the rise of antiviral antibodies (ELISA).
Our data labels such a state a clear warning state, preced-
ing the initiation of a cancerogenesis process. The calcula-
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tion of costs of serological and viral tests set against the
cost of detecting, diagnosing and treating primary inva-
sive cervical cancer leaves no question about the value of
modern cervical cancer prophylaxis.
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