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Predominance of serum antibodies to synthetic
peptide stemming from HPV 18 open reading
frame E2 in cervical adenocarcinoma

M Lehtinen, A Leminen, J Paavonen, P Lehtovirta, H Hyoty, E Vesterinen, J Dillner

Abstract
Aims To determine if there are type
specific differences in serum antibody
responses to synthetic peptides derived
from human papillomavirus (HPV) open

reading frame (ORF) E2 in patients with
cervical carcinoma.
Methods Diagnostic phase sera from 88
age-matched women with cervical
adenocarcinoma (AC), cervical squamous
cell carcinoma (SC), ovarian cancer (OC)
or no gynaecological malignancy were
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Figure 1 IgA and IgG antibody levels to HPV 16 E2 peptide 245 in cervical
carcinoma patients and their age-matched controls. Cases: (0 ) patients with cervical
adenocarcinoma (AC); (-) patients with cervical squamous cell carcinoma (SC).
Controls: (0 ) healthy women); (* ) patients with ovarian cancer.

differences between the two types of
cervical carcinoma.

The association of human papillomavirus
(HPV) infection with cervical carcinoma is
well documented, although the nature of the
association may be different for different HPV
types."2 HPV type 16 is the most prevalent
HPV type in squamous cell carcinoma (SC),
while most ofHPVDNA positive patients with
cervical adenocarcinoma (AC) are positive for
HPV 18 DNA.?5 Increased levels of serum
antibodies to early HPV 16 proteins E2, E4,
and E7 have been reported in patients with
cervical carcinoma, but little emphasis has been
paid to the histological types of the tumours./'
Synthetic peptide 245 derived from HPV 16
open reading frame (ORF) E2 has recently
been introduced for testing serum antibodies to
HPV.6 Serum antibody levels to the above
peptide and to the corresponding peptides of
HPV 6, 1 1, and 18 were determined in patients
with AC and SC.

Methods
Twenty two consecutive patients with AC
(mean age 53-7 years, range 26-81) were
enrolled from the Departments of Obstetrics
and Gynecology, Helsinki University Central
Hospital, from 1988-1991. Twenty two age-
matched patients with SC (mean age 54-8
years, range 31-80) were also studied. Eighteen
(82%) of the patients with AC, and 14 (64%) of
the patients with SC represented early (I-II)
stage carcinomas. Controls consisted of 22 age-
matched healthy women (mean age 52-5 years,
range 25-79) admitted for elective surgery, and
22 patients with ovarian cancer (OC) (mean age
60-6 years, range 31-85).

Peptide 245 is a synthetic peptide derived
from HPV 16 ORF E29 consisting of 18 amino
acids (HKSAIVTLTYDSEWQRDQ) origin-
ally described by Dillner et al.6 Corresponding
peptides stemming from HPV 6 ORF E2
(HKHAIVTVTYDSEEQRQQ)' HPV 11 ORF
E2 (HKNAIVTLTYSSEEQOQQ)," and 18
ORF E2 (EKTGILTVTXHSETORTK)"2
were synthesised as described.7 (Amino acids
common to HPV 16 peptide 245 and other
HPV types are underlined.) The HPV 16
peptide and a peptide (RFAKYQQQ-
GRLEARC) derived from mumps virus
nucleocapsid protein (amino acids 195-208)
were purchased from Cambridge Research
Biochemicals Ltd, UK.
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Figure 2 IgA and IgG antibody levels to HPV 18 E2 peptide 245 in cervical
carcinoma patients and their age-matched controls. Cases: (0 ) patients with cervical
adenocarcinoma (AC); (a) patients with cervical squamous cell carcinoma (SC).
Controls: (0) healthy women); (@)patients with ovarian cancer.

IgA and IgG antibodies to the HPV E2
peptides 245 and to the mumps peptide
were analysed by a three-step modification
of enzyme-linked immunosorbent assay
(ELISA), as previously described.6 Mumps
virion antibodies were measured by ELISA
using a purified virion antigen.'3 Results were
expressed in enzyme immunoassay units (EIU)
which yield a background corrected percentage
of the absorbance value of the positive
reference serum.'3 Positivity for IgG and IgA
antibodies was defined as > 20 EIU.

Relative risk and 95% confidence limits were
calculated according to Breslow and Day.'4

with SC (fig 2). No such differences between
patients and controls were found in IgA
antibody levels to the HPV 6 (or HPV 11)
peptide, or mumps peptide (or mumps virion
antigen) (figs 3 and 4). IgA positivity for the
HPV 18 peptide indicated an increased risk of
AC whereas IgA positivity for the HPV 11, 16,
and 18 peptides indicated an increased risk of
SC (table). However, because of the small
number of patients studied the exact mag-
nitude of the risk could not be calculated for
HPV 16 and 18 peptides. No significant risk
ratios were found when HPV 6 or mumps IgA
antipeptide antibody levels were compared
between patients and controls (table).
Furthermore, HPV IgA antipeptide antibodies
did not-indicate increased risk of OC.
IgG antibody levels to the HPV peptides

were higher in patients with AC and SC than in
controls (figs 1, 2, and 3). However, only HPV
18 IgG positivity indicated a statistically sig-
nificant risk of AC. IgG positivity for the HPV
18 and 11, but not for the HPV 16 peptide,
indicated an increased risk of SC (table). IgG
antibodies to HPV 6 (fig 3) or mumps virus (fig
4) peptides showed no increased risk of cancer.
Nine patients with SC and five patients with

AC who had raised IgA antibody levels to the
HPV 16 or HPV 18 peptide before treatment
were monitored by serial antibody determina-
tions (fig 5). In patients with SC the HPV 16
antibody levels rapidly decreased following
surgical treatment whereas in patients with AC
the HPV 18 antibody levels showed only
gradual decrease. In five (71%) of seven
patients with advanced (III-IV) stage SC the
antibody levels first decreased but subse-
quently increased (fig 5B).

Results
Compared to controls, IgA antibody levels to
the HPV 18 peptide were higher in patients
with both AC and SC (fig 1), whereas IgA
antibody levels to the HPV 16 peptide
appeared to be increased mainly in patients
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Figure 3 IgA and IgG antibody levels to HPV 6 E2 peptide 245 in cervical carcinoma
patients and their age-matched controls. Cases: (0 ) patients with cervical
adenocarcinoma (AC); (0 ) patients with cervical squamous cell carcinoma (SC).
Controls: (0) healthy women); (0) patients with ovarian cancer. IgA and IgG
antibody levels to HPV 1I E2 peptide 245 were essential similar (data not shown).

Discussion
IgA and IgG antibody responses to synthetic
peptides derived from HPV 6, 11, 16, and 18
ORF E2 were measured in patients with AC or
SC, and in controls (patients with ovarian
cancer or healthy women). Increased IgA and
IgG antibody levels to the HPV 18 peptide
indicated a significantly increased risk of AC.
HPV 18 DNA has been linked to most ACs,;5
although a recent study using in situ hybridisa-
tion challenged the association by arguing that
the HPV DNA detected in AC by polymerase
chain reaction (PCR) or Southern blot hy-
bridisation is derived from squamous epithe-
lium.'5 HPV DNA positive adenocarcinoma
cells were, however, detected by in situ
hybridisation in 18 AC cases, 16 (88%) of
whom were positive of HPV 18.5 The present
findings further support the specific role for
HPV 18 in AC.
Assessment of the relative risk of SC

associated with HPV 16 or 18 IgA positivity
was not possible. A larger sample showed that
IgA antibody positivity to the HPV 16 peptide
indicated a 13-fold risk of SC (Lehtinen et al,
unpublished results).
HPV 18 and 11 IgG antipeptide antibodies

showed an increased risk for SC. Patients with
HPV 16 antipeptide antibodies have been
shown by immunoblotting to have antibodies
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Figure 4 IgA and IgG antibody levels to peptide derivedfrom mumps virus
nucleocapsid protein in cervical carcinoma patients and their age-matched controls.
Cases: (0) patients with cervical adenocarcinoma (AC); (0) patients with cervical
squamous cell carcinoma (SC). Controls: (0) healthy women); (*) patients with
ovarian cancer. IgA and IgG antibody levels to mumps virion antigens were essentially
similar (data not shown).

to HPV 16 E2.6 It is difficult to explain why
serum IgG antibodies to the HPV 16 peptide
were not associated with increased risk of SC.
The low risk of SC associated with HPV 16
IgG positivity was about the same as that
described by Mann et al'6 and similar to our

findings in the larger sample (Lehtinen et al,
unpublished results). The difference between
HPV 16 and 18 (HPV 11) may be a chance
observation or may reflect a difference in the
IgG antibody response to HPV 16 and 18 in
SC. An undefined cross-reactivity between
HPV 18 and HPV 11 peptides seems to exist.

Post-treatment changes in serum HPV 16
IgA antibody levels in patients with SC were
faster compared to the more gradual decrease of
HPV 18 E2 IgA antibody levels seen in patients
with AC. Because IgA has a relatively short
half-life HPV E2 protein must be present in
cervical tissue to elicit IgA antibody response
in patients with SC. While HPV E2 RNA and
protein are abundantly expressed during
cervical HPV infection or HPV-associated

Table Relative risk (95% confidence limits) of cancer indicated by IgA or IgG
antibody positivity to peptide 245 derivedfrom HPV ORF E2 in patients with cervical
adenocarcinoma (AC, 22), cervical squamous cell carcinoma (SC, 22), and ovarian
cancer (OC, 22) compared to their age-matched healthy controls (22)

Relative risk

Category AC SC OC

HPV 6 IgA 3-5 (08-23 3) 4 0 (1-0-26-0) 0-8 (0 2-3-4)
HPV 11 IgA 6-0 (09-135) 5-5 (1 434-6)* 1-0 (0 3-35)
HPV 16 IgA 40 (05-900) ) (Ix9-o)* 05 (00-64)
HPV 18 IgA 9-0 (1 5-199)* oo (2-9oo)* 1-3 (0 2-67)
Mumps NCt IgA 2-0 (04-148) 1-5 (04-11-3) 1-0 (0-2-5-4)
Mumps virion IgA 2-0 (0 2-57 8) 1-5 (02-12-1) 1-0 (0 1-37 5)

HPV 6 IgG 2-0 (05-990) 3-0 (07-17-5) 0-4 (0 1-1 9)
HPV l iIgG 5 0 (0 7-90 9) 5-0 (1 331-8)* 1-7 (0 5-80)
HPV 16 IgG 6-0 (09-135) 2-0 (04-14-9) 5-0 (0-7-110)
HPV 18 IgG 90 (1-5-199)* () (1 9-0o)* 15 (0-2-12-0)
Mumps NCt IgG 1-0 (0-3-33) 2-3 (06-10-4) 2-8 (10-11-5)
Mumps virion IgG 1.0 (0 1-9 2) 1-5 (0-2-12-1) Not available

*Statistically significant.
tPeptide (RFAKYQQQGRLEAR-C) is derived from mumps virus nuclecapsid protein (amino
acids 195-208).
0o, infinite risk.
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Figure 5 Serum IgA antipeptide antibody response to
HPV E2 in (0) five patients patients with cervical
adenocarcinoma (HPV 18 E2 peptide 245) and (0)
nine patients with cervical squamous cell carcinoma
(HPV 16 E2 peptide 245) (A) early (I-II) stage
carcinomas; (B) advanced (III-IV) stage carcinomas.

cervical intraepithelial neoplasia'7"8 integra-
tion of HPV DNA (especially HPV 18 DNA)
might inhibit the expression of the E2 gene in
cervical carcinoma.'9 20 However, episomal
HPV 16 and E2mRNA are often seen in SC.19 20
It is also possible (especially for HPV 18) that
the E2 protein is expressed in cervical tissues
adjacent to the tumour but not in the tumour
itself. This is similar to the system in Epstein-
Barr virus (EBV) where serum antibodies to
EBV early antigen are regularly increased in
Burkitt's lymphoma.2' EBV early antigens are

expressed in EBV replicative sites but not in
the EBV positive tumour itself.
The nature of HPV 16 and HPV 18 E2

expression and serum antibody responses to
the E2 protein in patients with cervical carcin-
oma warrants further investigation.
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