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Abstract t 
Serumm antibodies against the E6 and E7 proteins of human papillomavirus (HPV) 16 

andd 18 are associated with cervical cancer. The aim of this study was to investigate the 
presencee of local antibodies against HPV in cervicovaginal washings (CWs). In this study 
antibodiess against the native HPV16 and 18 E6/E7 proteins were detectable in CWs (48%) 
andd sera (29%) from patients with cervical cancer (n=21) utilizing a sandwich protein 
enzyme-linkedd immunosorbent assay (ELISA). In paired CWs and sera from patients with 
cervicall  intraepithelial neoplasia (n=38) and from healthy women (n=22) no antibodies 
againstt these proteins were found. In 10 out of 11 patients the antibody response 
correspondedd with the HPV type in the cervical smear and/or tumor tissue, which indicates 
thee HPV type specificity of the assay. In 7 out of 11 patients with antibody reactivity against 
HPVV 16 or HPV 18 E6 and/or E7 proteins a higher level of antibody reactivity in the CWs than 
inn the paired serum samples was found at similar inputs of total IgG. This suggests that the 
antibodiess in the CWs against the investigated HPV proteins in these patients were locally 
produced. . 

Introduction n 
Humann papillomavirus (HPV) infections play an important role in the pathogenesis of 

cancerr of the uterine cervix l. HPV 16 and 18 are the most frequently detected types in these 
tumorss 2'3. The oncogenic proteins E6 and E7 play a pivotal role in the viral oncogenesis and 
aree persistently expressed at relatively high levels in cervical carcinomas . 

Serumm antibodies directed to the E6 and E7 proteins of HPV type 16 and 18 have been 
shownn to be strongly associated with the presence of cervical cancer "" . Also local antibody 
responsess against HPV early proteins have been measured in the female genital tract l0~13. The 
earlierr studies, measuring local antibody reactivity, were performed with oligopeptide enzyme 
linkedd immunosorbant assays (ELISAs) 10"12, which have a relatively low specificity '4' I5. A 
recentt study from our group using a radioimmunoprecipitation assay (RIPA), showed a 
relativelyy high frequency of local antibodies in cervicovaginal washings (CWs), and provided 
evidencee for the occurrence of locally produced IgG antibodies against HPV 16 E7 protein l6. 

Inn the current study we applied the recently described sandwich protein ELISA 
techniquee that uses the full-length renatured and biologically active E6 and E7 proteins of 
HPVV 16 and 18 17. These four assays were used to determine antibodies in paired CWs and 
seraa from healthy individuals, patients with cervical intraepithelial neoplasia (CIN) and 
cervicall  cancer in order to study the local and serological immune response against the viral 
oncoproteins. . 

Materialss and methods 
StudyStudy population 

Thee group of patients with cervical cancer consisted of 22 consecutive women 
undergoingg radical surgery for histologically confirmed carcinoma of the uterine cervix 
(FIGOO stage lb (n=19), Ha (n=3)); squamous cell carcinomas (n=17), adenocarcinomas (n=4) 
andd adenosquamous carcinomas (n=l). At the time of diagnosis, their median age was 38 
yearss (interquartile range, 36-45; range, 30-67). The group with cervical intraepithelial 
neoplasiaa (CIN) consisted of 38 patients who were referred to the outpatient Department of 
Gynecologyy of the Academic Medical Center, Amsterdam, The Netherlands. They had an 
abnormall  cervical smear (mild to severe dyskaryosis) and were histologically diagnosed with 
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CINN I (n=12), CIN II (n=6) or CIN III (n=20). Their median age was 34 years (interquartile 
range,, 28-41; range, 18-58). To obtain a control group 32 women were recruited via an 
advertisementt (median age 37 years; interquartile range, 26-41; range, 20-57). Ten women 
weree excluded because of equivocal cytological changes (n=3), an HPV-DNA test positive 
smearr (n=6), or both (n=l). All patients and controls were included after informed consent. 
Thiss study was approved by the Medical Ethical Board of the Academic Medical Center 
(AMC),, Amsterdam, The Netherlands. 

Cervicall  smears and colposcopically directed cervical biopsies were examined by the 
Departmentt of Pathology, AMC, Amsterdam, The Netherlands. Cytological and histological 
diagnosiss was conformed to WHO criteria 18'l9. 

PatientsPatients materials 
Thee patients materials were collected as described before 20. Briefly, a cervical swab 

(Virapap,, Digene Diagnostics, Inc., Silver Spring, MD, USA) was taken for HPV-DNA 
analysis.. Subsequently, a cervicovaginal washing (CW) was performed by flushing the cervix 
threee times with the same 20 ml of sterile phosphate buffered saline (PBS). Serum from each 
individuall  was collected. Additionally, 41 sera were obtained from children (aged 10-12 
years)) (kindly provided by P.Wertheim-Dillen from the Department of Clinical Virology, 
AMC,, Amsterdam). 

CWss were concentrated by ultracentrifugation (Centriprep-10, Amicon, Bedford, MA, 
USA).. Total IgG levels in serum and concentrated CWs were measured by an 
immunoturbidimetricc assay and/or by ELISA  21. For immunoturbidimetry we used a Cobas 
Bioo analyser, anti-human-IgG (DAKO (code: A424), Glostrup, Denmark) and N-protein 
standardd serum from Behring (Marburg, Germany). The IgG levels in concentrated CWs were 
0.0233 to 13.75 mg/ml. 

HPVHPV DNA analysis 
HPV-DNAA analysis was performed as described before 20. Briefly, 100 ul of Virapap 

transportationn medium containing scraped cervical cells were used. Detection of HPV DNA 
byy PCR amplification was performed with HPV 16- specific primers 22 and the degenerated 
consensuss primer pair CPI and CPIIG (CPI/IIG) 23. Direct sequence analysis of all PCR-
productss was done for HPV typing 24. 

SandwichSandwich protein ELISA 
Antibodiess against the E6 and E7 proteins of HPV 16 and 18 were determined with a 

sandwichh protein ELISA as described previously 17. Bound human antibodies were detected 
byy donkey anti-human immunoglobulin G polyclonal antibody conjugated to horseradish 
peroxidasee (Dianova, Hamburg, Germany). Sera were diluted 1:50 and concentrated 
cervicovaginall  washings (CWs) were diluted 1:5 in PBS containing 0.2% (wt/vol) casein and 
0.05%% (vol/vol) Tween 20 and 100 \x\ of diluted sample per well were used. The total IgG 
inputt of CW was generally lower than the serum IgG input. Background values of the 
investigatedd samples (CW and serum) were determined in control wells without antigen. 
Sampless of one patient with cervical cancer were excluded from analysis because of high 
backgroundd (OD > 0.6). The median (range) background values were 0.065 (0.045-0.404) 
(CW)) and 0.138 (0.069-0.409) (serum) for HPV 16 and 18 E6 and 0.061 (0.038-0.318) (CW) 
andd 0.113 (0.043-0.587) (serum) for HPV 16 and 18 E7. For each sample the specific 
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reactivityy was calculated as the absorbance in the antigen-containing well minus the 
absorbancee in the corresponding control well without antigen (net optical density (OD)). On 
eachh plate positive and negative control samples were tested. The color reactions were 
stoppedd dependent on the positive control samples. To define antibody positivity a cut-off 
valuee was calculated for each protein separately as described before . Samples were tested 
blindly,, serum samples with OD values between 0.025 and 0.150 were retested in duplicate 17. 
Afterr testing all samples, separate cut-off values were calculated as mean net ODs + 3SD of 
thee control group. For CWs the cut-off values were 0.010 and 0.011 for HPV 16 E6 and E7, 
respectively.. For sera the cut-off values were 0.055 and 0.058, respectively. For HPV 18 E6 
andd E7 these values were 0.020 and 0.O10, respectively, for CW, and 0.058 and 0.034, 
respectively,, for sera. Additionally, titrations were performed on CWs and sera from patients, 
whoo had shown specific antibodies against one of the investigated proteins. 

StatisticalStatistical analysis 
Kappaa (K) values were calculated to analyze the agreement between the ELISA and 

thee RIPA for the detection of antibodies against HPV 16 E7 in patients with cervical cancer, K-
valuess above 0.60 indicated a good agreement between the assays. Odds ratios were 
calculatedd from 2 x 2 tables and confidence intervals were calculated based on the normal 
approximationn of the log odds ratio. 

Results s 
HPV-DNAHPV-DNA analysis 

Thee outcome of the HPV-DNA analysis is summarized in table 1. Twelve out of 21 
(57%)) patients with cervical cancer had only HPV 16 DNA positive cervical smears. Three 
(14%)) patients with cervical cancer had only HPV 18 DNA positive cervical smears. Two 
patientss with cervical cancer were HPV45 DNA positive and 3 patients had two types in the 
samee sample. In one patient no HPV-DNA could be detected in the cervical smear. 

Inn the group of patients with CIN, 19 out of 38 (50 %) were HPV 16 DNA positive, 
twoo of whom had an additional HPV type (HPV 16 combined with HPV31 or HPV51). Two 
(5%)) patients were HPV18 DNA positive, one was also HPV56 DNA positive. Ten out of 38 
(26%)) CIN patients were positive for other types than HPV 16 or HPV 18 and 7 (18%) patients 
weree HPV-DNA test negative in the cervical smears (table 1). 

Tablee 1 HPV-DNA analysis in cervical smears from patients with cervical neoplasia 
Groupp HPV 16 HPV 18 other HPV types HPV test negative 

nn (%) n (%) n (%) n (%) 

Cxcaa (n=21) 15 (71 %)a 4(19%)c 2 (10%)e 1 (5%) 

CIN(n=38)) 19(50%)b 2 (5%)d 10(26%/ 7(18%) 

Cxca=cervicall  cancer; CIN=cervical intraepithelial neoplasia; n=number of patients;a (n=3) HPV 16/18; 
HPV16/31;HPV16/45,b(n=2)HPV16/31;HPV16/51,HPV18/other:c(n=l),, HPV 18/16,d (n=l) HPV 18/56,c 

HPV45,ff HPV31/54, 33, 45, 56, 58, 68 
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DetectionDetection of antibodies against HPV16 and-18 E6 and E7 protein in cervicovaginal 
washingswashings and sera 

Thee presence of antibodies against the four proteins was determined in control subjects 
andd children, patients with CIN and patients with cervical cancer. Local antibodies against 
HPVV 16 E6 were present in 6 (29%) and against HPV 16 E7 in 10 (48%) patients with cervical 
cancer.. Six of these positive patients had local antibodies against both proteins (table 2). 
Serumm antibodies against HPV 16 E6 were detected in 4 (19%) patients and against HPV 16 E7 
inn 5 (24%) patients, respectively (table 2). In three patients serum antibodies against both 
proteinss were detected. Antibodies against HPV 16 E6 and /or E7 in CW or serum were 
detectedd in 9 out of 15 (60 %) patients with cervical cancer, who were HPV 16 DNA positive 
(tablee 3). 

Onee out of 4 patients with cervical cancer, who were HPV 18 DNA positive, had 
antibodiess in CW and serum against both HPV 18 E6 and E7 proteins. In one of the other 
patientss with HPV 18 DNA positive cervical cancer low level of local antibodies against 
HPVV 16 E7 was observed (table 3). 

Neitherr in controls (CW and sera) and in children (sera) nor in patients with CIN (CW 
andd sera) specific antibodies against HPV 16 and HPV 18 E6 and E7 were detected. 

Tablee 2 Antibody reactivity in cervicovaginal washing and serum in HPV 16 ELISA 

No.. of samples positive in HPV 16 ELISA 

Groupp CW serum 

E66 E7 E6+E7 E6and/ E6 E7 E6+E7 E6 and/ 
orr E7 or E7 

Cxcaa 6 10 6 10 4 5 3 6 
(n=21) ) 

CW== cervicovaginal washing 
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Tablee 3 HPV DNA type and antibody reactivity in cervicovaginal washing and serum from 
patientss with cervical cancer 

DNAA type in smear 

No.. of positive samples 

HPV16ELISA A HPV18ELISA A 

E66 E7 E66 and/ 
orE7 7 

E66 E7 E66 and/ 
orE7 7 

HPVV 16 DNA (n=12) 
singlee positive 

HPV16DNA(n=3)a a 

(+HPV18or311 or 45) 

HPVV 18 DNA (n=3) 
singlee positive 

HPV18DNA(n=l)b b 

(+HPV16) ) 

HPV45HPV45 DNA (n=2)/ 
orr test negative (n= 1) 

11 1 

11 1 00 0 

""  1 patient from this group with an additional HPV type 18. This is the same patient as 

LocalLocal production of antibodies against HPV 
Titrationn studies were performed to investigate whether antibodies against HPV 

proteinss were locally produced or originated from the serum by transudation. We compared 
thee antibody reactivity against E6 and E7 from HPV 16 and 18 in paired CW and serum 
sampless from patients with cervical cancer (figure 1). When normalized to total IgG input, the 
anti-HPVV 16E6 and E7 reactivity was higher in CW than in serum from 4 out of the 6 cervical 
cancerr patients (patients No. 3, 7, 11 and 12). In the two other patients the seroreactivities 
againstt HPV 16 E6 and E7 were higher than the local antibody reactivities (patients No. 1 and 
13).. In patient No. 14 no antibody reactivity against HPV 16 E7 could be observed in CW and 
serumm after titration. Two patients (patients No. 4 and 8) showed equal antibody reactivity 
againstt HPV 16 E7. No titration study was performed with the samples of the fourth patient 
(patientt No. 21 in table 4). In this patient the antibody reactivity in CW was higher than in 
serumm while the total CW IgG input was 7 times lower than the serum IgG input. Patient 
No.. 10 with antibody reactivity against both HPV 18 E6 and E7 when normalized to total IgG 
inputt also showed higher antibody reactivity in CW than in serum. 
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ComparisonComparison between antibody assay by sandwich protein ELISA and RIPA 
Wee compared the detected antibodies against HPV 16 E7 detected with the sandwich ELISA 
too results obtained with the previously performed RIPA technique '6. The antibodies against 
HPVV 16 E7 measured in CWs and sera from patients with cervical cancer are shown in table 4. 
Seraa from five patients (patients No. 1, 4, 7, 11 and 13) with cervical cancer were positive for 
antibodiess against HPV 16 E7 in both assays. Three sera (patients No. 2, 3 and 8) that were 
negativee in the ELISA, were shown to be weakly positive in the RIPA. In seven patients 
(patientss No. 1, 3, 4, 7, 11, 12 and 13) antibodies against HPV 16 E7 were detected in CWs 
withh both assays. Three cancer patients (HPV16 DNA positive (patient No. 8); HPV16/18 
DNAA positive (patient No. 14); HPV 18 DNA positive (patient No. 21)) had a low antibody 
reactivityy in the CW against HPV 16 E7 in the ELISA but not in the RIPA. In the RIPA two of 
thesee patients had antibody reactivities just below the cut-off (patient number 8 and 21). A 
CWW from one patient (HPV 18 DNA positive) that was weakly positive against HPV 16 E7 in 
thee RIPA was negative in the HPV16 E7 ELISA, but was strongly positive against HPV18 E6 
andd E7 in the ELISA (patient number 10). The K-values were 0.61 (95 % confidence interval, 
0.27-0.95)) and 0.71 (0.40-1.00) for CWs and sera, respectively. 
Thee 5 CIN patients with low local antibody reactivities against HPV 16 E7 in the RIPA were 
negativee in the sandwich protein ELISA (table 4). The comparison of the sandwich protein 
ELISAA and the RIPA for HPV 16 E7 showed that the samples above the 10th percentile of the 
measuredd positive values were positive in both assays. 

Discussion n 
Wee detected antibody reactivity against HPV 16 and 18 E6 and E7 proteins in CWs 

andd sera from patients with cervical cancer using a recently developed sandwich protein 
ELISAA  17. Antibodies against one or both HPV 16 proteins were found in 48% of the CWs 
andd 29% of the sera. In one patient antibodies against both HPV 18 E6 and E7 proteins were 
detectedd in CW and serum. CWs or sera from either the control subjects or the patients with 
CINN or sera from the children did not show antibody reactivity against any of the four HPV 
proteins.. The latter confirms that antibodies to HPV 16 and 18 E6 and E7 proteins are 
stronglyy associated with cervical cancer (odds ratio: 66.0 and 95 % CI [7.7 - 568.8]). The lack 
off  antibody reactivity against HPV 16 and 18 E6 and E7 protein in serum and CW of CIN 
patientss might be due to a generally small size of the CIN lesions compared to the size of 
tumors.. Probably even more relevant is that the basal membrane is still intact in CIN lesions, 
whichh might result in a less effective antigen presentation. In accordance with our present 
resultss and our published results 20, other studies 6; 9 have also shown a low occurence of 
antibodiess in serum against HPV 16 E6 and E7 proteins. More elaborate studies have to be 
performedd to corroborate this finding. 

Tenn of the CW samples from cervical carcinoma patients but only 6 of the serum 
sampless reacted positive with at least one of the four HPV antigens. Titration studies showed 
thatt in 6 out of these 10 patients with cervical cancer that the local antibody reactivity was 
higherr than the seroreactivity against HPV 16 or 18 E6 and E7 at similar inputs of total IgG. 
Thiss observation suggests that antibodies against these HPV proteins are locally produced 
(figuree 1). Contamination of the CW with blood does not pose a problem in this respect, since 
leakagee of blood will tend to equalize the specific reactivity in CW and serum per equal 
amountt of IgG. Two patients had a higher seroreactivity compared to the local antibody 
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Figuree 1 Titration curves of antibodies against HPV 16 E6 and E7, and HPV 18 E6 and E7 in paired 
cervicovaginall  washings (CW) and sera from ten patients with cervical cancer. The patient No. (see also table 4) 
iss indicated at the lower right quadrant of each panel. No antibody reactivity against HPV 16 E6 could be 
detectedd in CW and serum of patients No. 4 and 8. 
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Tablee 4 Antibody positivity against HPV 16 E7 in sandwich protein ELISA and/or in RIPA 

CWW serum 

ELISAA RIPA ELISA RIPA 
Patientt No. Cxca/CIN OD cpm OD cpm 

1 1 
2** * 
3** * 
4 4 
7 7 
8** * 
10** * 
11 1 
12 2 
13 3 
14** * 
21** * 
23** * 
24** * 
25** * 
26** * 
27** * 

Cxca a 
Cxca a 
Cxca a 
Cxca a 
Cxca a 
Cxca a 
Cxca a 
Cxca a 
Cxca a 
Cxca a 
Cxca a 
Cxca a 
CIN N 
CIN N 
CIN N 
CIN N 
CIN N 

0.112* * 
-0.001 1 
0.403 3 
1.136 6 
1.238 8 
0.036 6 
0.005 5 
0.834 4 
0.140 0 
0.042 2 
0.017 7 
0.042 2 
-0.002 2 
0.009 9 
0.002 2 
-0.003 3 
0.001 1 

775 5 
10 0 
988 8 
2116 6 
5813 3 
240 0 
439 9 
4891 1 
2460 0 
282 2 
55 5 
219 9 
532 2 
308 8 
488 8 
397 7 
483 3 

0.228 8 
-0.001 1 
0.033 3 
0.343 3 
0.559 9 
0.034 4 
-0.006 6 
0.173 3 
0.002 2 
0.111 1 
0.003 3 
-0.007 7 
-0.010 0 
-0.004 4 
-0.039 9 
-0.014 4 
0.008 8 

861 1 
147 7 
181 1 
1589 9 
4089 9 
231 1 
5 5 
656 6 
44 4 
857 7 
35 5 
-16 6 
25 5 
32 2 
39 9 
12 2 
14 4 

OL)== net optical density; cpm= counts per minute; * bold indicates positive; "patient with discordant/discrepant 
resultss in both assays; the cut-off values of the RIPA were for CW 263 cpm and for serum 82 cpm, those of the 
ELISAA were for CW OD 0.011 and for serum OD 0.058. 

reactivity;; this can be explained by a high local IgG antibody response against other 
antigenss than HPV proteins. 

Tenn of the CW samples from cervical carcinoma patients but only 6 of the serum 
sampless reacted positive with at least one of the four HPV antigens. Titration studies showed 
thatt in 6 out of these 10 patients with cervical cancer that the local antibody reactivity was 
higherr than the seroreactivity against HPV 16 or 18 E6 and E7 at similar inputs of total IgG. 
Thiss observation suggests that antibodies against these HPV proteins are locally produced 
(figuree 1). Contamination of the CW with blood does not pose a problem in this respect, since 
leakagee of blood will tend to equalize the specific reactivity in CW and serum per equal 
amountt of IgG. Two patients had a higher seroreactivity compared to the local antibody 
reactivity;; this can be explained by a high local IgG antibody response against other antigens 
thann HPV proteins. 

Inn 10 of 11 patients the specific antibody response against either HPV 16 or 18 E6/E7 
proteinss corresponded with the HPV type in the cervical smear and/or tumor tissue. Only one 
patientt with HPV 18 DNA positive cervical cancer showed antibodies against HPV 16 E7 in 
CW,, though at a low reactivity. In patients with HPV types other than HPV 16 or 18 DNA in 
thee cervical smears no antibodies were detected. None of the patients showed antibodies 
againstt both HPV types. These data are in accordance with the HPV type specificity of the 
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proteinn ELISA, as demonstrated by Meschede and coworkers '7, although in some patients 
cross-reactivityy still may occur. 

Wee observed a similar seropositivity against E6 and/or E7 proteins of HPV16 and 18 
ass has been reported in unselected patients with cervical cancer from Mexico and Tanzania, 
i.e.. 34.7 % and 19.6 % 1? and from Russia 27 % and 8 % 25. 

Inn addition to the detection of antibodies against HPV 16 and 18 E6 and E7 proteins, it 
wil ll  be necessary to study the presence of local antibodies against other HPV types and other 
earlyy and late (virus like particles (VLPs)) HPV antigens in patients with premalignant 
cervicall  lesions. This to elucidate the role of mucosal antibodies in the immune response 
againstt HPV infection. Mucosal antibody responses in the female genital tract imply IgG as 
welll  as IgA. Furthermore, it has been described that the amount of IgG producing plasma cells 
inn the normal human cervix is higher than that of IgA producing plasma cells 26. IgG might be 
moree important than IgA as in the normal human cervix total IgG levels are higher than IgA 
levelss . Also in the study by Hagensee et al. 28 the number of subjects positive for cervical 
IgGG antibodies to HPV 16 VLPs was higher than the number of subjects positive for cervical 
IgAA antibodies, 24% versus 11%. Another recent report investigating local IgA and IgG 
responsess against HPV 16 VLPs found a correlation between systemic IgA responses and 
clearancee of HPV 16 which was not observed with the local IgG and IgA responses 29. 

Thee comparison of the sandwich protein ELISA and the RIPA for HPV 16 E7 showed 
thatt the samples above the 10th percentile of the measured positive values were positive in 
bothh assays. The discrepancies in outcome between the two assays were found in the 
borderlinee positives. Several low antibody reactivities, especially those CWs of CIN patients 
positivee in the RIPA were negative in the ELISA and less frequently vice versa. These 
differencess might be due to the arbitrary cut-off values for CWs and sera in both assays, since 
thee measured antibody reactivities were just below or above the cut-off values (table 4). Thus, 
thee majority of the patients with cervical cancer showed in both sandwich protein ELISA and 
RIPAA the same results. Recently, Nindl and coworkers 30 published data suggesting that the 
RIPAA is more sensitive than the ELISA in the present format. Larger studies are necessary to 
corroboratee sensitivity and specificity of both assays. 

Unexpectedly,, unspecific background and cut-off values for CWs were very low and 
significantlyy below cut-off values usually obtained with sera. However, due to lack of 
materiall  borderline CW samples with OD values below 0.025 could not be repeated. 
Thee present study confirmed the conclusion of earlier studies l7- 25 that the sandwich ELISA 
appliedd on sera revealed a very high specificity for the detection of cervical cancer, which 
mayy be especially useful in developing countries. Our data suggest that the sensitivity of the 
ELISAA for the diagnosis of cervical cancer is higher when CWs are used instead of sera. The 
sandwichh ELISA on CW might also be valuable for the monitoring of vaccination studies. 
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