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A B S T R A C T  

The epidemiology of cervical cancer indicates the presence of a sexually 
transmitted risk factor, attributable at least in part to infection with 
human papillomavirus (HPV) type 16 or 18. We performed a seroepide- 
miologicai study of HPV and cervical cancer in the counties of V~isterbot- 
ten and Norrbotten in Northern Sweden, a low-risk area for cervical 
cancer. Sera from 94 cases of incident cervical cancer were matched 
against 188 age- and sex-matched controls derived from a population- 
based blood bank. IgG and IgA antibodies were measured against a panel 
of 12 antigens derived from HPV types 6, 11, 16, or 18, as well as against 
Herpes simplex virus type 1 and 2, Chlamydia trachomatis, cytomegalovi- 
rus, Epstein-Barr virus, and bovine papillomavirus. Significantly in- 
creased relative risks (RRs) were found for IgG to HPV 16- or 18-derived 
antigens from the L1 (RR = 3.1), E2 (RRs -- 2.8 and 9.2), and E7 (RRs = 
3.8 and 2.7) open reading frames and for IgA to HPV 16-derived antigens 
from the E2 (RR -- 3.3) and E6 (RR = 2.7) open reading frames. The 
highest RR (9.2, confidence intervals 4.4-19.4) was associated with IgG to 
an HPV 18 E2 antigen. Antibodies against cytomegalovirus, Herpes sim- 
plex virus type 2, Epstein-Barr virus, or bovine papillomavirus were, on 
their own, not significantly associated with cervical cancer, but seroposi- 
tivity against multiple infections was associated with a successively in- 
creased relative risk. An increased risk was also found for IgG to Chla- 
mydia trachomatis (RR = 1.7, confidence interval = 1.0-2.7). The results 
indicate that several HPV antibodies are strongly associated with cervical 
cancer, providing further seroepidemiological support for an etiological 
role of HPV in cervical cancer. 

I N T R O D U C T I O N  

Certain types of  human papillomavirus,  notably types 16 and 18, 

are associated with genitoanal intraepithelial neoplasias, which are at 

risk for progression to genitoanal malignancies, in particular cervical 
cancer (1). In contrast, another group of  genitotropic HPV 2 types, 

notably types 6 and 11, cause exophytic condylomas that are not 

associated with cervical cancer (1). All HPV genomes have a similar 

genetic organization with at least 8 0 R F s ,  which encode early (E) and 

late (L) proteins (2). Epitope mapping studies using overlapping syn- 

thetic peptides or nested sets of  truncated fusion proteins have pro- 

vided a detailed map of  the linear epitopes present in the various ORFs 

of  HPV 16 (3-7). Epitopes that were preferentially reactive with 

antibodies in the sera from patients with CIN or cervical cancer have 

been described in the E2 (4, 8, 9), E6 (10) and E 7 0 R F s  (4, 10-12), 

as well as in the aminoterminal and internal parts of the L 1 0 R F  (3). 

In contrast, the epitopes in the carboxy terminus of  L1 and in L2 have 

shown little or no association with CIN or cervical cancer (3, 13), 
presumably due to the fact that several of  the latter epitopes are 

broadly cross-reactive between HPV types (14, 15). Al though a vari- 

ety of  HPV serological methods based on defined epitopes exist and 
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several reports have shown these serological assays to be associated 

with cervical cancer, most reports have not used epidemiologically 

controlled, population-based formats for selection of  cases and con- 

trols. In the present study, we wished to evaluate several of  the HPV 

serological assays, previously reported both by us and by others, using 

a serological study of  cervical cancer in a population-based case- 

control format in a low incidence area for cervical cancer. As controls, 

antibody levels against several other sexually transmitted agents were 

analyzed in parallel on the same sera. 

M A T E R I A L S  AND M E T H O D S  

The Vfisterbotten Project. Each year, all residents of the V~isterbotten 
county in Northern Sweden who are ages 30, 40, 50, and 60 years are invited 
by letter to participate in a health-promoting project, involving physical ex- 
amination, some routine laboratory parameters, and answering a questionnaire 
containing questions about occupation and life style-related habits, such as 
smoking, diet, and alcohol consumption. 

The project was initiated for some municipalities of V~isterbotten in 1986 
and since 1991 the entire county of V~isterbotten is involved in the project. 
From 1988, the participants were also asked to donate a blood sample for future 
medical research. The bank now contains blood samples (plasma, RBC, and 
buffy coat), stored at -80~ from 30,000 subjects. The participation rate is 
about 80%. 

In the adjacent county of Norrbotten, samples were collected from 800 
subjects who were randomly selected from the population, within the 
framework of the so-called MONICA project, which is an international WHO- 
sponsored multicenter epidemiological study primarily aimed at research on 
cardiovascular diseases. These samples were also stored at -80~ 

Cases. Pretreatment serum samples from 94 consecutive, incident cases of 
invasive cervical cancers were collected at admission for treatment at the 
Department of Gynecologic Oncology, Ume~ University Hospital, during 1984 
to 1991 and were stored at -80~ All cases were residents of the V~isterbotten 
or Norrbotten counties, and Ume~ University Hospital is the only hospital 
providing treatment for cervical cancer in these counties. 

Controls. For each case, 2 population-based controls were selected, 
matched for sex, age of subject when the sample was collected, and for county. 
If possible, the controls were also chosen from the same municipality as the 
corresponding case, but for most cases from Norrbotten county the controls 
had to be selected from another, nearby municipality. For cases with more than 
2 available sex-, age-, and county-matched controls, the controls with smallest 
difference in time for sample collection were selected. For the blood bank- 
derived controls, the serological analyses were performed on EDTA-plasma. 
Since the blood banks did not contain samples from control subjects above 65 
years old, the age-matching was imperfect for the 26 cervical carcinoma 
patients who were above 65 years old (case mean age, 53.2; range, 23-86; 
Control mean age, 48.8; range, 18-64). For the case-control triplets below 65 
years old an age difference in matching of <5 years was tolerated. 

Confounding Factors. Data concerning smoking habits were collected 
from the medical records for the cases and from the questionnaires connected 
with the V~isterbotten and MONICA projects for the controls. For 40 cases and 
29 controls, these data were initially missing and were obtained by contacting 
these subjects with a supplemental questionnaire. 

Data about parity at the time for sample collection were obtained for both 
cases and controls from the Swedish Medical Birth Register at the Central 
Statistical Bureau, by record linkage with the use of the unique personal 
identification number of each subject. Data regarding sexual habits were not 
collected, since sexual habits were not regarded as a confounder, but rather as 
a secondary association attributed to a sexually transmitted agent (16). 
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ELISA. ELISA was performed essentially as previously described (4). 
Briefly, synthetic peptides or purified BPV were coated onto microtiter plates 
(Costar, Cambridge, MA), which were subsequently blocked with 10% horse 
serum in phosphate-buffered saline. Sera were diluted in horse serum in phos- 
phate-buffered saline containing 1 mM EDTA at 1:30, 1:50, or 1:100, depending 
on the antigen to be tested, and incubated on the plates for 2 h at 37~ Bound 
antibodies were detected with a monoclonal antibody to human IgA or IgG 
(Eurodiagnostics, Aapeldorn, The Netherlands), followed by a horse radish 
peroxidase-conjugated antibody to mouse IgG (Southern Biotechnology). Ab- 
sorbances in the linear interval of the absorbance curve, i.e., in the 0.2-1.0. A 
interval, were used to calculate single dilution absorbance titers (17). Prior to 
calculation of absorbance titers, the absorbance of the same sample reacted 
with uncoated wells was subtracted. The HPV-derived synthetic peptides used 
are listed in Table 1. 

CMV antibodies were assayed by using the method of Novak et al. (18), 
which is based on the CMV phosphoprotein ppl50. 

EBV antibodies were assayed by using the synthetic peptide p107 (19), 
derived from the glycine-alanine repeat region of the EBV nuclear antigen 
EBNA-1. The peptide has been extensively evaluated for serodiagnosis of 
primary EBV infection (20). 

Chlamydia trachomatis antibodies were assayed by using a commercially 
available ELISA kit (Labsystems, Helsinki, Finland). HSV antibodies were 
assayed by using two ELISAs with HSV-2- and HSV-l-infected cell lysate 
antigens (21). These cell lysates comprise multiple viral proteins with exten- 
sive cross-reactivity between HSV-1 and HSV-2. By calculation of the ratio 
between HSV-2 and HSV-1 antibodies (HSV-2/HSV-1 ratio), an indirect mea- 
sure of type-specific HSV antibodies can be obtained (22). For IgG, we also 
used a recently reported type-specific HSV-1 and HSV-2 assay based on 
baculovirus-expressed HSV glycoprotein gG (23). 

Inter- and Intraassay Variation. The difference in absorbances between 
duplicates of the same sample analyzed on the same plate (intraassay variation) 
was generally low, with a mean CV of 4.6%. Only 7% of sera differed in their 
CV between duplicates by more than 20%. Most of these sera with CVs above 
20% had absorbances below 0.050 and would anyhow have been classified as 
negatives. The absorbances for the same sample assayed on different plates 
(interassay variation) was more variable, with a mean CV of 16.8%. Since most 
of this variability was due to the fact that all the samples on a particular plate 
showed higher or lower absorbances than expected, the absorbances were 
corrected by multiplication with a constant derived from the absorbances of 6 
sera that were run as positive controls on each plate, namely, expected mean of 
absorbances of positive controls/mean of actual absorbances of positive con- 
trois for each plate. After correction according to the internal standards, the 
interassay mean CV was 7.2%. Since the CV nevertheless was greater for the 
interassay variation, the layout of each plate always contained the same ratio 
of cases and controls (i.e., 1:2). For all ELISAs, the investigator performing the 
analysis had no knowledge of which samples were cases or controls. 

Serum and Plasma Comparison. To analyze whether the antibody analy- 
sis could be performed on both serum and EDTA-plasma, 28 healthy blood 
donors attending the Karolinska Blood Donor Center simultaneously donated 
1 tube of serum and one tube of EDTA-plasma. The resulting serum/EDTA- 
plasma pairs were analyzed in parallel in ELISA for all the relevant antigens 

that we intended to test for. The results were virtually identical, regardless of 
whether serum or EDTA-plasma had been analyzed, and in the subsequent 
study the serological assays were performed on either EDTA-plasma or serum. 

Determination of ELISA Positivity. Since ELISA results are obtained as 
a continuous variable of absorbances, a limit, "cutoff," has to be chosen for 
what absorbance value should be considered a positive reaction. We defined 
the border for positivity for each antigen as the mean of the control sera, after 
exclusion of obviously positive outliers (>mean + 2 SD), and a strongly 
positive serum as above the mean of control sera + 2 SD. Since this method 
in some cases provided cutoffs that were unreasonably low or unreasonably 
high, we arbitrarily defined a minimum cutoff level at 0.1 and a maximum 
cutoff level at 0.5. A preliminary calculation of RRs was made by using both 
the cutoff for positive and for strongly positive sera, but since the results were 
very similar (except for peptide E7:5 which tended to have increased relative 
risk with increased titers), the cutoff for positive sera was used. The cutoff level 
used for each antigen is detailed in the legend to Table 2. 

For the HSV-1, HSV-2, and Chlamydia ELISAs, the results were expressed 
relative to known positive and negative reference sera as EIU, and we used the 
same cutoff levels that had been used in previous studies (20 EIU for IgG, 50 
EIU for IgA) (9, 24, 25). 

Statistical Analysis. Conditional logistic regression or, in the case of analy- 
sis of histological type, differentiation and clinical stage of tumor, multinomial 
logistic regression was used. 

The ELISA absorbances were, in addition to dichotomous analysis by con- 
ditional logistic regression, also analyzed using continuous analysis using a 
nonparametric ranking test (permutation test). The analysis of continuous 
values is independent of the arbitrary cutoff value assigned to determine 
positivity. As can be seen from Table 2, the probabilities obtained with the two 
methods were rather similar. In a few instances, such as IgA to E701, the 
permutation test detected a difference that was not detected by conditional 
logistic regression, suggesting that a suboptimal cutoff level had been assigned 
for the latter analysis. 

R E S U L T S  

I-IPV Ant ibod ies .  The 245:16 antigen is a 19-residue synthetic 

peptide derived f rom the carboxy terminal  part of  E2 of  HPV 16. IgA 

antibodies against this peptide are elevated among  patients with CIN 

(8, 26, 27). Several  studies have also found that antibodies against this 

peptide are elevated among cervical cancer  patients (9, 24, 27), but 

one report found little elevation (12). Peptide 245:6 is derived f rom 

the homologous  region of  HPV 6 and is identical with peptide 245:16 

in 15 of  19 positions. Peptide 245:6 has some cross-reaction with 

peptide 245:16 and the titers against the 2 antigens were  correlated ( r  

= 0.67). Peptide 245:18 is derived f rom the homologous  region of  

HPV 18 and is identical with peptide 245:16 in 10 of  19 positions. 

Peptide 245:18 shows no detectable cross-reaction with the 245:16 

and 245:6 peptides and the titers do not correlate ( r  = -0.08).  Both 

Table 1 lmmunoreactive peptides used 

Designation Derived from Sequence Serotype 

245:16 E2 of HPV 16 
245:6 E2 of HPV 6 
245:18 E2 of HPV 18 
E701 E7 of HPV 16 
Ll:13 L1 of HPV 16 
Ll:31 L1 of HPV 16 
L2:49 L2 of HPV 16 
HPV ll:L2 L2 of HPV 11 
E7:5 E7 of HPV 16 
E6:4 E6 of HPV 16 
E4:6 E4 of HPV 16 
Ll:31 (HPV 6) L1 of HPV 6 
EBV (p107) EBV EBNA-1 
CMV (p53) CMV ppl50 

HKSAIVTLTYDSEWQRDQC 
HKHAIVTVTYDSEEQRQQC 
EKTGILTVTYHSETQRTKC 
PTLHEYMLDLQPETTDLYCYEQLNDSSEEE 
LCLIGCKPPIGEHWGKGSPC 
VTSQAIACQKHTPPAPKEDPL 
PMDTFIVSTNPNTVTSSTPI 
CGGMGTPFSPVTPALPTGPV 
KCDSTLRLCVQSTHVDIRTLE 
KPLCDLLIRCINCQ KPLCPEE 
DQSQTPETPATPLSCCI~TQ 
QSQAITCQKPTPEKEKPDPYK 
AGAGGGAGGAGAGGGAGGAGC 
TFI~VNPSTAPAPAPTPTFAC 

16, 31 (6, 11)" 
6, 11 (16,31) 
18 

Probably broad 
16, 33/Broad b 
16, 6, 31, 33 (11,18) 

Probably broad 

6, 11/Broad b 

"Numbers in parentheses: only a weak cross-reaction is seen with these types. 
b Denotes that serotype analysis using human sera detects a serotype apparently restricted to 2 HPV types, but that analysis using hyperimmune sera against animal papillomaviruses 

detects a broadly cross-reactive epitope (14). 
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Table 2 Analysis of lgG and lgA antibody levels 
Analysis of IgG and IgA antibody levels against a panel of 21 antigens derived from HPV types 16, 18, 6 or 11, HSV-1, HSV-2, EBV, CMV or C. trachomatis (see text for description 

of the antigens used) among 94 cases of incident cervical carcinoma and 188 population-based controls. The cutoff levels used to determine positivity were (in the order the antigens 
are listed): 0.105, 0.105, 0.108, 0.283, 0.232, 0.092, 0.100, 0.387, 0.370, 0.119, 0.5, 0.264, 0.5, 0.287, 0.5, 0.479, 0.409, 0.382, 0.228, 0.137, 0.127, 0.100, 0.552, 0.5, 0.5, 0.5, 0.5, 
and 0.5 difference in absorbance, or for the Chlamydia and HSV antigens: 50, 20, 50, 20, 50, 20, 0.85, 20, and 20 EIU. The P values for significant differences between cases and 
controls is also shown calculated using a nonparametric ranking test (permutation test) that is independent of the assigned cutoff. 

% P 

of positive Conditional logistic 
Antigen RR 95% CI cases regression Permutation test 

245:16 IgA 3.28 1.92-5.59 63 0.000 0.000 
245:16 IgG 2.83 1.68--4.78 58 0.000 0.000 
245:6 IgA 1.55 0.93-2.58 49 0.090 0.057 
245:18 IgA 2.35 1.41-3.93 61 0.001 0.001 
245:18 IgG 9.21 4.36-19.44 85 0.000 0.000 
E701 IgA 1.62 0.98--2.66 43 0.059 0.000 
E701 IgG 3.81 2.01-7.23 34 0.000 0.000 
Ll:13 IgA 2.04 1.25-3.35 63 0.005 0.012 
Ll:13 IgG 3.11 1.77-5.46 64 0.000 0.002 
Ll:31 IgA 0.90 0.55-1.48 38 0.673 0.602 
Ll:31 IgG 0.51 0.29--0.90 29 0.019 0.043 
L2:49 IgA 0.78 0.44-1.38 32 0.392 0.256 
L2:49 IgG 0.65 0.38-1.12 32 0.119 0.202 
HPVll:L2 IgA 0.74 0.43--1.25 33 0.260 0.525 
HPVll:L2 IgG 0.57 0.34-0.96 36 0.035 0.446 
E7:5 IgA 2.09 0.99-4.41 17 0.053 0.029 
E7:5 IgG 2.69 1.20--6.03 18 0.016 0.001 
E6:4 IgA 2.70 1.30-5.62 21 0.008 0.005 
E6:4 IgG 1.57 0.91-2.70 51 0.102 0.077 
E4:6 IgA 0.56 0.334).96 31 0.035 0.015 
E4:6 IgG 0.85 0.52-1.40 38 0.527 0.896 
L1:31 (HPV6), IgG 1.01 0.58-1.77 32 0.962 0.072 
BPV (B20) IgA 1.48 0.91-2.41 55 0.113 0.128 
BPV (B20) IgG 1.55 0.94-2.55 58 0.087 0.077 
BPV (B37) IgG 1.25 0.60-2.57 87 0.551 0.256 
EBV IgA 0.61 0.38--0.99 52 0.046 0.058 
EBV IgG 0.97 0.53-1.78 81 0.917 0.899 
CMV IgG 1.44 0.88-2.34 64 0.143 0.369 
Chlamydia IgA 0.60 0.33-1.08 21 0.090 0.530 
Chlamydia IgG 1.67 1.03-2.72 53 0.038 0.023 
HSV-1 IgA 0.95 0.52-1.75 26 0.877 0.801 
HSV-1 IgG 1.14 0.47-2.76 92 0.768 0.798 
HSV-2 IgA 1.01 0.58-1.76 28 0.962 0.312 
HSV-2 IgG 1.07 0.44-2.56 92 0.883 0.379 
HSV-2/HSV-1 IgG 1.29 0.79-2.11 39 0.312 0.211 
HSV-1 gG IgG 1.72 0.87-3.40 86 0.118 0.077 
HSV-2 gG IgG 1.39 0.81-2.39 42 0.237 0.093 

IgA and IgG against 245:18 have previously been found to be elevated 

among patients with cervical cancer, in particular among patients with 

cervical adenocarcinoma (9). 

The antibodies against 245:16 and 245:18 were now found to be 

independently associated with cervical cancer, both for IgA and IgG. 

IgG to 245:18 had the highest relative risk of  all antigens analyzed, 

RR = 9.2 (Table 2). In contrast, the IgA response to peptide 245:6 

showed only a weak and not significant elevation. E701 is a synthetic 

peptide from the amino terminal region of  E7 of  HPV 16, described by 

Mueller et al. (6). This peptide was previously shown to be reactive 

with IgG in the sera of  37% of  cervical cancer patients'  sera, although 

with only 9% of  control sera (10). We found IgG to this antigen to be 

elevated among patients with a RR of  3.8, thus confirming the report 

of  Muller et al. (10). IgA to this peptide was more weakly associated 

with disease (RR = 1.6) and was significantly elevated in only the 

permutation test. Interestingly, the titers against E701 showed a cor- 

relation with the titers against peptide 245:16 (correlation coefficient 

for IgA to E701 versus IgA to 245:16 = 0.79; for IgG to E701 versus 

IgG to 245:16 = 0.37), suggesting that these antibodies were induced 

by the same or related viral types. 

Peptide L l :13  is derived from an internal region of  L1 of  HPV 16. 

We previously reported that both IgG and IgA, especially IgG, against 

this peptide were elevated among patients with HPV 16-carrying 

cervical cancer (3). Hyper immune  sera against this peptide are reac- 

tive with the HPV capsid antigen from a variety of  HPV types, 

including cutaneous HPV types 3 suggesting that this serological re- 

sponse is probably not type specific. We found the IgG to this peptide 

to be elevated with a RR of  3.1 and IgA with a RR of  2.0, a result in 

line with our previous report. 
Ll :31  and L2:49 are derived from the L1 and L 2 0 R F s  of  HPV 16, 

respectively (3). We have previously not found any association of  

these antigens with cervical cancer (3). Ll :31  has a serotype shared by 

HPV 16 and 33, whereas the L2:49 epitope is shared by most genital 

HPVs (15). The antibodies to these antigens were related (r  = 0.64) 

and antibodies to Ll :31 were in no case found in the absence of  
antibodies to L2:49. The antibodies to these antigens were less com- 

mon among patients with cervical cancer than among controls, most  

clearly so for Ll :31  IgG (RR = 0.51; P = 0.019). L l :31  and L2:49 
also had a similar age-related distribution with regard to age. Inter- 

estingly, the titers against both Ll :31  and L2:49 were also related to 

the titers against L l :13  (r = 0.59 and r = 0.55, respectively), even 
though L l :13  antibodies were increased among cases, while L1:31 

and L2:49 antibodies were decreased among cases. 
HPV l l : L 2  is a peptide derived from the carboxy terminus of  L2 of  

HPV 11, originally reported by Suchankova et al. (28). The antibodies 

to this peptide had a very close relationship to the antibodies against 

peptide L2:49 (r = 0.94) and showed a similar overrepresentation 

among controls. 

3 Unpublished observation. 

136 

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/54/1/134/2453341/crs0540010134.pdf by guest on 19 M

ay 2023



HPV SEROEPIDEMIOLOGY AND CERVICAL CANCER 

E7:5 is a peptide from the carboxy terminal part of E7 of HPV 16 
(4, 29, 30). Preliminary serotype analysis indicates that the serotype of 
this peptide is common to most genital HPVs. IgG to this peptide was 
elevated with a RR of 2.7 and IgA with a RR of 2.1 (Table 2). These 
elevations were significant in the permutation test, but only of bor- 
derline significance in the dichotomous analysis, implying that a 
suboptimal cutoff level was used and that these serological variables 
should be reevaluated in a second study, using an optimal cutoff 
assigned with the use of the data in this study. 

E6:4 is a peptide derived from the carboxy terminal part of E6. This 
peptide showed a strikingly increased disease specificity for IgA (RR 
= 2.7; P = 0.008) compared to the nonsignificant elevation seen for 
IgG (RR = 1.6; P = 0.1) (Table 2). 

E4:6 is a pepiide derived from E4 of HPV 16, originally described 
by Suchankova et al. (31). The antibodies against this peptide were 
more common among the controls and were not related to any of the 
other antibodies analyzed (Table 2). 

Ll:31 (HPV 6) is a peptide derived from the L 1 0 R F  of HPV 6, 
originally described by Jenison et al. (32). As also found by Jenison 
et al. (13), the antibody response against this peptide was not asso- 
ciated with cervical cancer, nor was this response related to any of the 
other responses. 

Antibodies against BPV were measured using purified, carbonate 
buffer-disrupted BPV particles from 2 viral strains (B20 and B37). 
Both IgA and IgG showed a low increase among patients with cervical 
cancer in the assay based on disrupted B20 virus (RR = 1.5 and 1.6), 
whereas IgG to B37 was similar among patients and controls (P = 
0.55 for elevation by using conditional logistic regression; P = 0.26 
for decrease by using permutation test). Whereas the antibodies to 
BPV (B37) were not related to any other of the antibodies tested 
(except, of course, to B20; r = 0.60), the response to BPV (B20) 
showed a significant relation also to the antibodies against 245:18 (r 
= 0.34). We could also detect a difference in epitope exposure be- 
tween these 2 viral strains, using site-directed antisera against the 2 
major papillomavirus group-specific epitopes, epitope 16a and 30b 
(14). The anti-16a serum recognized B37 with a 4-fold higher titer 
than for B20, whereas the anti-30b serum recognized B20 with a 
4-fold higher titer than for B37 (not shown). 

Antibodies against Other  Infections Agents. For IgG against 
Chlamydia trachomatis, a weak but significant association with cer- 
vical cancer was found (RR = 1.7; P = 0.038), whereas IgA showed 
no elevation. 

Total HSV antibodies were measured by using infected cell ex- 
tracts, a method known to be cross-reactive between HSV-1 and 
HSV-2 (21), and no associations with cervical cancer were found. The 
indirect measure of HSV-2 "type-specific" antibodies that can be 
accomplished by calculating the quotient between the titers against 
HSV-1 and HSV-2 antigens (22) showed only a weak (RR = 1.3) and 
not significant increase among patients. The results obtained by using 
a reportedly type-specific assay based on the glycoprotein gG from 
HSV-1 and HSV-2 (23) indicated that this assay was indeed type 
specific, since the HSV-1 and HSV-2 gG titers had a very low corre- 
lation. Both HSV-1 and HSV-2 gG antibodies showed a non-signifi- 
cant tendency to be elevated among cases (RRs, 1.72 and 1.39, re- 
spectively). Combination of the HSV gG titers and the HSV-2/HSV-1 
quotient did not increase the relative risk (not shown). 

Cytomegalovirus is a ubiquitous virus that can also be transmitted 
sexually (33) and CMV antibodies have in some studies showed a 
weak association with CIN (34). A weak, nonsignificant elevation 
(RR = 1.4) was seen. 

EBV antibodies were measured by using a synthetic peptide (19, 
20) that has Food and Drug Administration approval for EBV sero- 
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diagnosis. Whereas the IgG response to this peptide showed no asso- 
ciation with cervical cancer, the IgA response was unexpectedly de- 
creased. 

Antibodies in Relation to Age of Donor. Since we had not been 
able to do a satisfactory age matching for the patients above age 70, 
we performed a separate calculation of RRs for the case-control trip- 
lets that were above and below 50 years old and also investigated 
whether adjustment for age altered the RRs. Although no statistically 
significant differences were seen, the age adjustments resulted in a 
change in RR of >25% for 4 of the serological variables (3 RRs were 
increased and 1 decreased) (Table 3). For 1 variable ( Ll:13 IgA) this 
resulted in that the elevated crude RR was reduced to non-signifi- 
cance. Six variables had a more than 2-fold difference in RRs between 
the two age strata, although these differences were also not statisti- 
cally significant (Table 4). The age-dependent distribution of antibody 
levels among normals was investigated by dividing the controls into 
five age strata (<30, 30-39, 40-49, 50-59, >59) and testing for inho- 
mogeneity of antibody levels among the strata by the Kruskal-Wallis 
test. For the EBV, CMV, Ll:31 (HPV 6), E4:6, 245:18, IgA to BPV 
(B20), IgG to 245:16, and IgG to E701 and E7:5, the antibody levels 
showed no significant inhomogeneity among the age groups. Some 
antigens showed a sharp peak of the titers in the age group below 30, 
after which the titers declined. This was true for HPVll:L2, Ll:31, 
L2:49, and IgG to BPV (B37). This drop in titers above the age of 30 
was especially evident for the IgA antibodies. A similar tendency was 
seen for Ll:13, although the inhomogeneity among strata was not 
significant (P = 0.08). A third age-related pattern was seen for IgA to 
245:16, E701, and 245:6, where the titers peaked between 30 and 39 
years of age. HSV antibodies showed a weak but significant increase 
up to 40 years of age, after which their mean titers remained stable. 

Smoking and Parity. Smoking data were obtained for 85 cases 
and 170 corresponding controls. Present smoking was not a significant 
risk factor (RR = 1.3; CI = 0.7-2.3; 32% positive cases). However, 
ever smoking (past or present smoker) was a risk factor (RR = 1.8; CI 
= 1.0-3.5; 64% positive cases), as expected (35). Adjustment of 
relative risks for smoking (past or present) resulted in a change in RR 
of >25% for 17 serological variables (Table 5). In 11 cases the RR 
increased, whereas it decreased in 7 cases. Although none of these 
changes were statistically significant, it is interesting to note that for 
9 of 11 papillomavirus antigens, smoking adjustment tended to in- 
crease the RR for IgG relative to the RR for IgA to the same antigen 
(Table 5). We have previously suggested that persisting HPV infection 
may be associated with an immunosuppression involving an impaired 
immunoglobulin class switch from IgA to IgG (36). The tendencies 
seen on smoking adjustment suggest that such an immunosuppression 
may be smoking associated. 

The parity at time for sample collection was not a significant risk 
factor (RR = 1.27; CI = 0.48-3.32). Our negative finding in this 
low-nativity population does not contradict an effect of parity in 
populations where multiparous women are common. Adjustment of 
crude RRs for parity resulted in very minor changes in RRs. The only 
outcome variable that changed more than 10% was 245:16 IgG 
(parity-adjusted RR = 3.22). 

Table 3 Age adjustment of RRs 
The table lists all outcome variables for which a change in RR of >25% occurred (See 

Table 2 for a comparison with crude RRs). 

Antigen RR 95% CI P 

245:16 IgG 4.01 1.99--8.06 0.000 
245:6 IgA 1.10 0.60-2.01 0.751 
E701 IgG 5.83 2.42-14.05 0.000 
Ll:13 IgA 1.71 0.97-3.01 0.065 
Chlamydia IgA 0.82 0.41-1.63 0.575 
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Table 4 Separate calculation of RRs for case-control triplets" that were above or below 
50 years old 

The table lists all serological variables that had a more than 2-fold difference in RR 
between the two age strata. 

Antigen RR 95% CI P 

245:18 IgA 
<50 yr 1.52 0.72-3.17 0.270 
>50 yr 3.25 1.57-6.73 0.001 

Ll:13 IgA 
<50 yr 1.39 0.70-2.77 0.350 
>50 yr 2.91 1.37-6.20 0.006 

E7:5 IgG 
<50 yr 2.04 0.83-5.03 0.120 
>50 yr 8.58 0.98-74.9 0.050 

EBV IgG 
<50 yr 1.80 0.58--5.62 0.310 
>50 yr 0.63 0.29-1.35 0.230 

Chlamydia IgA 
<50 yr 1.00 0.45-2.23 1.000 
>50 yr 0.35 0.14--O.85 0.020 

HSV2/HSV1 IgG 
<50 yr 1.80 0.88-3.68 0 . I i0  
>50 yr 0.89 0.45-1.76 0.730 

Table 5 Adjustment of RRs for smoking (past or presenO 
The table lists all outcome variables for which a change in RR of >25% occurred, or 

where a change from significance to nonsignificance occurred (See Table 2 for a com- 
parison with crude RRs). 

Antigen RR 95% CI P 

245:16 IgA 2.56 1.34--4.99 0.005 
245:16 IgG 5.28 2.45-11.36 0.000 
245:18 IgG 13.58 4.59--40.18 0.000 
Ll:13 IgA 1.46 0.75-2.79 0.271 
HPV1 l :L2 IgA 0.97 0.51-1.85 0.924 
HPVl l :L2  IgG 0.66 0.35-1.25 0.204 
E7:5 IgG 4.10 1.54-10.87 0.005 
E6:4 IgA 3.66 1.35-9.92 0.011 
E6:4 IgG 2.96 1.33-6.42 0.007 
BPV (B20) IgA 1.12 0.61-2.04 0.721 
EBV IgA 0.84 0.44-1.59 0.599 
EBV IgG 0.71 0.34-1.48 0.361 
CMV IgG 1.98 1.03-3.78 0.038 
HSV-1 IgG 0.57 0.20-1.64 0.297 
HSV-2 IgG 0.61 0.21-1.77 0.365 
HSV-2/HSV-1 IgG 1.74 0.96-3.15 0.070 
HSV-1 gG IgG 1.34 0.64-2.80 0.443 
HSV-2 gG IgG 1.93 0.90~.13 0.089 

Antibodies in Relation to Histological Type and Differentiation 
of Tumor. The histological diagnosis was SCC in 77 cases and AC in 
12 cases, whereas the remaining tumors were undifferentiated and not 
classifiable as SCC or AC. Separate analysis of the cases (and corre- 
sponding matched controls) with SCC and AC were performed by 
univariate conditional logistic regression on all studied covariates. 

For SCC, there was, compared to the whole material, no significant 
changes in results (not shown). For AC, the material was small and 
confidence limits were correspondingly wide. However, statistically 
significant results were obtained for 245:18 IgG (RR -- 12.6; CI = 
1.5-103.1), L1:13 IgA (RR = 4.6; CI = 0.9-22.9), and 245:16 IgA 
(RR = 4.6; CI = 1.0-22.1). The increase of 245:18 IgG among 
patients with cervical adenocarcinomas confirms previous studies (9). 

A multinomial logistic regression was performed on all serological 
covariates with degree of differentiation of tumor as dependent vari- 
able, divided into 2 levels, well or moderately (n = 61), and poorly 
differentiated (n = 21), respectively. The relative risk tended to be 
increased for poorly differentiated tumors for 4 variables, namely E7:5 
IgA, E7:5 IgG, E6:4 IgA and 245:16 IgG (Table 6). 

Antibodies in Relation to Clinical Stage of Tumor at Diagnosis. 
The clinical stages were divided into 2 categories: stages IA and IB (n 
= 56) and stages IIa, IIb, III, and IV (n = 36). Stage category was 
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analyzed as a dependent variable in a multinomial logistic model, 
against each of the serological covariates. A higher stage was con- 
nected with a higher relative risk for E7:5 and Ll:13 (Table 7). 

Comparison of Seropositivity against Multiple Infectious 
Agents. The hypothesis that synergism between multiple infections 
may be a cause of cervical cancer has been put forward by zur Hausen 
(37) and has received epidemiological support from some studies (38), 
including a serological study of HSV, CMV, EBV, C. trachomatis,  and 
of HPV among cervical cancer cases in a high-incidence area in 
tropical Africa (39). In order to see whether this effect was detectable 
also in an extreme low-incidence area, we performed a similar analy- 
sis of the seropositivity against multiple infectious agents. As shown 
in Table 8, two tested combinations of multiple infections both indi- 
cated an increase in RR with multiple seropositivities. 

DISCUSSION 

The present study has provided evidence that antibodies against 
several HPV-derived antigens are associated with cervical cancer. Our 
findings confirm and extend observations made by others for most of 
the antigens tested; e.g., our data on cervical cancer association of IgG 
to peptide E701 is in good agreement with the report of Mueller et aL 

(10) and our results on peptide 245:18 confirm the report of Lehtinen 
et al. (9). In the case of peptide 245:16, our findings confirm and 
extend several previous reports (8, 9, 24, 26, 27), but are not in line 
with the results of Mann et al. (12). The reason for this discrepancy is 
not clear, but considering the low prevalence of 245:16 antibodies in 
the report by Mann et al. (12), some sort of methodological difference 
in the assay used is the most likely explanation. Our findings on 
peptides Ll:13, E7:5, Ll:31, and L2:49 are rather similar to what was 
found when these antigens were first defined (3). 

The specificity of the synthetic peptide antigens from EBV and 
CMV has been shown by using established serological reference 
methods for these viruses. In the case of HPV, a serological reference 
method is not available and other specificity criteria have to be ap- 
plied. Among the HPV antigens, specificity has most clearly been 
shown for 245:16 IgA, where affinity-purified antipeptide IgA anti- 
bodies were shown to react with an E2 protein of the expected size, 
present in HPV 16-transfected cells, but not in untransfected control 
cells (8). For those antigens to which antibodies are more common 
among patients with HPV-associated disease than among controls, this 
is an indication of specificity. Since the prevalence and previous 
exposure of HPV in the control population is not known, an estimate 
of the specificity can only be based on the degree of association with 
HPV-associated CIN or cervical cancer. For several groups of HPV- 
derived antigens, the correlations between their serological reactivities 
suggest that these antibodies were induced by the same or related 

Table 6 Comparison of serology with degree of differentiation of cervical tumors 
Cases were categorized as high or moderately differentiated cancer, (high; n = 61) or 

as poorly differentiated cancer, (low; n = 21). The RR between cases and controls in the 
2 categories were calculated for all serological variables. Apart from the 4 variables 
included in the table, very minor differences in RR between the 2 categories were found. 

Differentiation 
Antigen category RR CI 

E7:5, IgA High 1.6 0.7-4.0 
Low 6.7 2.4-18.4 

E7:5, IgG High 1.9 0.8--4.5 
Low 5.4 1.9-15.3 

E6:4, IgA High 2.0 0.9--4.5 
Low 4.6 1.6-12.6 

245:16, IgG High 2.0 1.1-3.6 
Low 3.7 1.4-9.6 
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Table 7 Comparison of serology with clinical stage of cervical tumors 
Cases were categorized as stage IA or IB, 'T '  (n = 56) or as stages IIA, liB, III, or IV, 

" I I+"  (n = 36). The RR between cases and controls in the 2 categories were calculated 
for all serological variables. Apart from the 4 variables included in the table, very minor 
differences in RR between the 2 categories were found. 

Antigen Clinical stage category RR 95% CI 

E7:5, IgA I 1.7 0.7-4.2 
II+ 2.9 1.2-7.5 

E7:5, IgG I 1.3 0.5-3.6 
II + 4.8 2.0-11.6 

L1:13, IgA I 1.5 0.8-2.7 
II+ 3.1 1.4---6.9 

Ll:13, IgG I 2.4 1.3--4.3 
II+ 3.5 1.6-7.5 

Table 8 Seropositivity against multiple infectious agents is associated with successively 
increasing risk of cervical cancer 

IgG seropositivity against HSV-2 (glycoprotein G), papillomavirus group-specific 
antigen (BPV B20 virions), CMV (ppl50 peptide), EBV (p107 EBNA-1 peptide), and 
against C. trachomatis were analyzed and the RR were calculated for seropositivity 
against several infectious agents. P for a homogeneously increasing trend in the RR for the 
2 combinations of multiple infections analyzed in the table were 0.014 and <0.005, 
respectively. 

% of positive 
RR 95% CI cases 

BPV, HSV-2 and CMV 
0 positive 1.00 7 
1 positive 2.51 1.00-6.32 40 
2 positive 2.70 1.07-6.85 34 
3 positive 3.79 1.36-10.55 19 

BPV, HSV-2, CMV, EBV and C. trachomatis 
0 or 1 positive 1.00 4 
2 positive 4.34 1.36-13.87 32 
3 positive 4.58 1.48-14.23 35 
4 positive 4.52 1.43-14.34 20 
5 positive 8.74 2.13-35.87 9 

viruses; e.g., the specificity of the E701 response is thus suggested 
both by its association with cervical cancer and by the correlation of 
the E701 response with the 245:16 response. 

Serotype analysis has previously been performed for some of the 
antigens by comparing the serological reactivity of peptides derived 
from homologous regions of different HPV types (15). Although this 
type of analysis can provide some information on the degree of 
cross-reactivity between viral types, it can not for certain provide 
information on which viral types primarily induce the antibody re- 
sponse; e.g., most human sera reactive with L1:31 (HPV6) will show 
identical reactivity with L1:31 (HPVll),  but will not react with L1:31 
from HPV 16, 31, or 33 (15). That Ll:31 (HPV6) thus has the serotype 
6/11 is, however, not proof that these antibodies were induced by HPV 
6 or 11. Indeed, hyperimmunization with purified papillomavirus par- 
ticles from cow, dog, and bird will regularly induce antibodies reactive 
with Ll:31 (HPV 6) (14). 

Three antigens (Ll:31, L2:49, and HPVll:L2) had serological re- 
activities that were strongly related to each other, but were increased 
among the controls rather than among cases. The antibodies to this 
group of antigens showed a strong age-related dependence, with most 
of the seropositivity being found among individuals below 30 years of 
age. Since all 3 antigens were HPV-derived, the virus inducing these 
antibodies is likely to be some type of HPV that infects young indi- 
viduals, but does not remain in infected individuals in a persistently 
active form. A recent report has indicated that a history of exophytic 
condylomata acuminata has a protective effect against cervical cancer, 
possibly due to generation of a cross-protective immunity (40), and it 

is therefore possible that these antibodies were induced by some of the 
benign HPV types associated with condylomata acuminata. The char- 
acteristics of the Ll:13 response, with a correlation to the Ll:31/ 
L2:49/HPVll:L2 response and somewhat similar age distribution, but 
with an increased response among cervical cancer patients, suggest 
that the Ll:13 antibodies might be induced by both benign and ma- 
lignancy-associated HPV types. For 2 of the HPV-derived antigens 
used, Ll:31 (HPV 6) (32) and E4:6 (31), we have no evidence to 
suggest that they are specific for HPV. These antigens were included 
in the study for comparison, since they are described and used by other 
groups (13, 31, 32). 

Previous data regarding cancer association of the serological reac- 
tivity to the broadly cross-reactive papillomavirus antigen present on 
disrupted BPV have been variable. Thus, Baird (41) reported a strong 
increase of serum IgG to BPV type 2 among cervical cancer patients 
compared to healthy controls. DiLuca et al. (42) found no difference 
and Dillner et al. (43), using pooled BPV type 1, found a weak 
increase for IgA and a weak decrease for IgG. The present data 
indicate that the cervical cancer association of anti-BPV antibodies is 
weak and dependent on the viral strain used. This is not surprising in 
view of our finding that the major capsid protein contains both epit- 
opes to which an antibody response is increased in cervical cancer 
(Ll:13), and epitopes to which the response is decreased (Ll:31). 

Apparently most of the presently investigated antibodies were not 
induced by antigens expressed in the tumor; e.g., the HPV 18 E2 
antibodies were found among 85% of cases, in spite of the fact that 
only 20% of the tumors carried HPV 18 and in spite of the fact that 
disruption of E2 expression due to integration is regularly found 
among HPV 18-carrying cancers (44). However, the evidence indi- 
cates that most of these antibodies are not type specific, as, e.g., 

suggested by the association of the HPV 18 E2 response with the BPV 
response. Also, the epidemiology of HPV infection and cervical can- 
cer indicates that there is on average almost 2 decades of viral per- 
sistence between initial infection and progression to malignancy (16, 
45). The association of antibodies to HPV 18 E2 with cervical cancer 
does therefore rather suggest that the natural history of cervical cancer 
at some point involves exposure to E2 antigens from HPV 18 or 
related viral types. The question of when these HPV antibodies are 
induced in the natural history of the cancer would best be answered by 
prospective studies. 

For some antigens, in particular the HPV 16 E7 antigen E7:5, there 
was a tendency for increased RR with more advanced stages of cancer. 
Although there could be a variety of explanations for this phenom- 
enon, the simplest explanation would be that the titers against some 
antigens are increased due to increased antigenic load. Since poorly 
differentiated tumors tended to have a higher clinical stage, the same 
explanation concerning increased antigenic load could be applied to 
the observation that some antigens, particularly E7:5, were associated 
with a higher risk for poorly differentiated tumors. Follow-up studies 
of cervical cancer patients after curative treatment could shed some 
light on this question. Previous studies have indeed detected a de- 
crease of titers to 2 of the herein studied antigens (245:16 IgA and 
E701 IgG) following treatment for cervical cancer (24, 46). 

Among the control antigens analyzed, significant associations with 
cervical cancer were found in only 2 cases. Infection with C. tracho- 

matis is a marker of sexual activity and an increase in C. trachomatis 

IgG among patients was therefore expected. The decreased IgA re- 
sponse against EBV is hard to explain. Although it is possible that a 
HLA restriction to this epitope might be present, the most probable 
explanation is a significant effect occurring by chance due to the effect 
of multiple comparisons. When considering the possibility of chance 
findings due to this effect, it should be noted that among all the 
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increased relative risks that were detected it is only for E6:4 IgA that 
a disease-association had not been reported previously. 

The increased cervical cancer risk with seropositivity against mul- 
tiple infections could be explained in several ways. It is possible that 
these infections are markers of a particular mode of transmission (e.g., 
sexual activity or poor hygienic standards), and that with increasing 
numbers of infections an increasingly better measure of sexual activ- 
ity, and thus also of HPV infection, is obtained. It is possible that 
multiple long-standing infections will promote malignancy through 
chronic irritation or impaired immune control of HPV infection. Fi- 
nally, it is also possible that some property of the immune system that 
is associated with a serological hyperresponsiveness makes affected 
individuals at risk for malignant progression. The present study was 
not designed to distinguish among these possibilities, but has shown 
that the effect was readily demonstrated also in a low-incidence area 
for cervical cancer. 

In summary, the present studies have provided further seroepide- 
miological support for the association of HPV with cervical cancer 
and have provided an evaluation and characterization of several of the 
HPV-serological assays that are available, which will be important for 
further studies of the immunobiology and seroepidemiology of HPV. 
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