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Abstract t 
Littl ee information is available about the cervicovaginal mucosal antibodies against 

humann papillomavirus (HPV) proteins. In this study specific IgG antibodies against HPV 16 
E77 protein were determined in paired samples of cervicovaginal washing fluid and serum 
fromm patients with cervical cancer (n=22), cervical intraepithelial neoplasia (CIN) (n=38), 
healthyy individuals (n=22) and serum from children (n=41) by a radioactive 
immunoprecipitationn assay (RIPA). HPV 16 E7 specific IgG antibodies were found in 
cervicovaginall  washings (n=8) and in sera (n=8) of the patients with cervical cancer. About 
600 % of the patients with HPV 16 positive cervical cancer had HPV 16 E7 specific IgG 
antibodies.. Titration studies showed that the IgG antibody reactivity in cervicovaginal 
washingss was higher than in the paired serum samples of 6 patients with cervical cancer (p< 
0.001).. In the CIN group we found no IgG reactivity in the serum, but in 5 patients we found 
aa low IgG reactivity in the cervicovaginal washings. No IgG reactivity was found in 
cervicovaginall  washings and sera from healthy individuals and sera from children. HPV 16 
E77 specific IgG antibodies seem to be locally produced in a number of patients with HPV 16 
positivee (pre)malignant cervical lesions. For more definitive evidence for the local production 
off  these antibodies immunostaining should be performed to demonstrate the presence of 
specificc anti-HPV 16 E7 IgG producing plasma cells in the cervical epithelium. 

Introductio n n 
Humann papillomavirus (HPV) infections play an important role in the multi-step 

developmentt of cancer of the uterine cervix '. HPV 16 is the most frequently found type in 
thesee malignancies 2. HPV 16 oncoproteins E6 and E7 play a pivotal role in viral oncogenesis 
andd are persistently expressed in cervical carcinomas . 

Immunologicall  defense mechanisms are thought to be involved in the clearance of the 
virus,, since most HPV infections are transient '". Suppressed immune surveillance might be a 
factorr in the persistence of a cervical HPV infection and the development of (pre)malignant 
cervicall  lesions. A relatively high rate of persistent HPV infections in immunosuppressed 
individualss like HIV-seropositive women6 supports this. 

Sincee there are indications for mucosal associated lymphoid tissue (MALT) in the 
formm of lymphoid aggregates in the cervix of the female genital tract * , we were interested in 
thee local immunity against HPV. The local antibody responses in the female genital tract 
implyy IgG as well as IgA. It has been described that the amount of IgG producing plasma 
cellss in the normal human cervix is higher than that of IgA producing plasma cells 9 and that 
totall  IgG levels are higher than IgA in the female genital tractI0. 

Feww studies on the immune response to HPV reported on local antibodies (IgG and 
IgA)) against HPV. Local antibodies were observed reacting with synthetic oligopeptides 
derivedd from E2, E7, LI and L2 of HPV 16 or purified bovine papillomavirus (BPV) in 
cervicall  secretions and in cervicovaginal washings of patients with cervical neoplasia, patients 
withh condylomata and women with normal cervical cytology "~14. Recently, a study by 
Bontkess et al. 15 showed also IgG and IgA HPV 16 VLP specific antibodies in cervical mucus 
samples.. To investigate whether antibodies detected in the cervical secretions and 
cervicovaginall  washings were locally produced, we compared the IgG reactivity in 
cervicovaginall  washing to serum at a similar level of IgG input for each individual. For this 
studyy we measured the IgG antibody reactivity against HPV 16 E7 protein in paired samples 
off  cervicovaginal washing and serum obtained from patients with cervical cancer and CIN. 
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Forr the detection of HPV 16 E7 specific antibodies we used a radioactive 
immunoprecipitationn assay (RIPA). This assay appears to be more specific than other 
serologicall  techniques, like the oligopeptide ELISA  16; !7. Our results suggest that local 
antibodyy responses are stronger than in serum in several patients with cervical cancer and 
possiblyy also in some patients with CIN. 

Patientss 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), Ila (n=3)). None of the patients underwent previous conization. The 
histologicc types were squamous cell carcinomas (n=17), adenocarcinomas (n=4) and 
adenosquamouss carcinomas (n=l). At the time of diagnosis, their median age was 38 years 
(interquartilee range, 36-45; range, 30-67). The group with cervical intraepithelial neoplasia 
(CIN)) consisted of 38 patients who were referred to the outpatient Department of Gynecology 
off  the Academic Medical Center, Amsterdam, The Netherlands. They had an abnormal 
cervicall  smear (mild to severe dyskaryosis) and were histologically diagnosed with CIN 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). Thirty-two women were recruited via an advertisement to obtain a 
controll  group. Ten women were excluded because of equivocal cytological changes (n=3), an 
HPV-DNAA test positive smear (n=6), or both (n=l). Finally, the control group consisted of 22 
healthyy individuals (median age, 37 years; interquartile range, 26-41; range, 20-57). All 
patientss and controls gave their informed consent. The Medical Ethical Board of the 
Academicc Medical Center (AMC), Amsterdam, The Netherlands approved this study. 
Cervicall  smears and colposcopically directed cervical biopsies were examined by the 
Departmentt of Pathology, AMC, Amsterdam, The Netherlands. Cytological and histological 
diagnosiss was made according to WHO criteria ' 

Furthermore,, sera from 41 children (aged 10-12 years) (kindly provided by 
P.Wertheim-vann Dillen from the Department of Virology, AMC, Amsterdam) were tested. 
Serumm from 2 patients with multiple myeloma was tested to study the influence of samples 
containingg large amounts of inert IgG. 

SampleSample collection 
Forr cervicovaginal sample collection all individuals were in a supine position in a 

gynecologicall  examination chair. Firstly, a cervical swab (Virapap, Digene Diagnostics, Inc., 
Silverr Spring, MD, USA) was taken for HPV-DNA analysis. Then a cervicovaginal washing 
wass performed by flushing the cervix three times with the same 20 ml of sterile phosphate 
bufferedd saline (140 mM NaCl, 10 mM sodium phosphate, PBS) using a disposable plastic 
syringee 20. The fluid was collected and centrifuged for 10 minutes at 1000 g at 4° C. The 
supernatant,, further denoted as cervicovaginal washing, was stored in aliquots at -80° C until 
analysis. . 

Tenn ml of peripheral blood from each individual were allowed to clot and 
subsequentlyy centrifuged at 1300 g at 25 °C for 10 min, and the sera were stored in aliquots at 
-800 °C until assayed. 

Inn patients with cervical cancer, the collection of cervicovaginal washings and serum 
wass done before radical surgery. In 17 of 22 cervical cancer patients the cervical washing was 
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macroscopicall  visibly contaminated with blood. In CIN patients, samples were collected at 
thee first visit; about 4 weeks before taking colposcopically directed biopsies. For both groups 
off  patients sampling was performed regardless the day in the menstrual cycle but not during 
menses. . 

HPVDNAHPVDNA analysis 
Forr HPV-DNA analysis, 100 |il of Virapap transportation medium containing scraped 
cervicall  cells were used. DNA was extracted with phenol-chloroform-isoamyl alcohol and 
precipitatedd with ethanol. The precipitated DNA was dissolved in 100 ul of 10 mM Tris HC1, 
11 mM EDTA (pH 7.0) and stored at -20 °C until use. 

Detectionn of HPV DNA by PCR amplification was initially performed with HPV 16-
specificc primers 2l (position 530-553: 5TCAAGAACACGTAGAGAAAC 
CCAGG 3' and position 921-898: 5' AAACCATCCATTACATCCCGTACC 3') (according to 
Seedorff  et al., 1985) 21. This PCR amplifies a 392-basepair (bp) fragment in the E6 and E7 
openn reading frame (ORF) of HPV 16. The PCR was performed in a 50 ul PCR mixture 
consistingg of 10 mM Tris.HCl (pH 8.8), 50 mM KC1, 2.0 mM MgCl2, 0.1 mg of bovine serum 
albuminn per ml, 0.2 mM of each deoxynucleotide triphosphate, 10 pmol of each primer, and 
0.755 U of Taq polymerase (Amplitaq, Perkin-Elmer, Cetus) with 5 ul of the DNA sample. 
Fortyy cycles (1 min 94°C, 1 min at 55°C and 2 min at 72° C) were performed, and then 10 ul 
off  the amplification product was analyzed on a 2% ethidium bromide-stained agarose gel. The 
specificityy for HPV 16 was confirmed by sequencing of the amplimers 23. 

Furthermore,, the DNA samples were analyzed with the degenerated consensus primer 
pairr CPI and CPIIG (CPI/IIG), which amplifies a 188-bp fragment in the El (ORF) of a broad 
spectrumm of genital HPV types as previously described 2A. Direct sequence analysis of the 
appropriatee extracted agarose gel bands was done for HPV typing according to Smits et al.23. 

Additionally,, paraffin embedded tumor tissue samples were analyzed for the presence 
off  HPV-DNA as described before to confirm the presence of the HPV type in the tumor 25. 
Thee tumor tissue samples, that were available for analysis, were derived from surgically 
removedd cervical carcinomas from 16 patients. The other 6 tissue blocks were not placed at 
disposall  by departments of pathology from outside the Academic Medical Center. 

IgGIgG concentration 
Totall  IgG concentrations in serum and in cervicovaginal washings were measured by 

ann immunoturbidimetric assay and/or by enzyme linked immunosorbant assay (ELISA)26. For 
immunoturbidimetryy we used a Cobas Bio analyser, anti-human-IgG (DAKO (code: A424), 
Glostrup,, Denmark) and N-protein standard serum from Behring (Marburg, Germany). The 
ELISAA was used in case IgG was not detectable by the immunoturbidimetric assay. For the 
ELISAA we used anti-human IgG (Dako A424) as coating antibodies and horse radish 
peroxidasee labeled anti-human IgG (Dako P0214) as detecting antibodies, both antisera being 
specificc for the gamma chain. The standard serum in the ELISA was Ml 156 Code H00, 
Lotnr.. 1156-01L01 (CLB, Amsterdam, The Netherlands). The interassay coefficients of 
variationn were below 10% for the turbidimetric assay and 12% for the ELISA. IgG values by 
immunoturbidimetryy were the same as by ELISA. Samples were always measured at various 
dilutions,, which were parallel to the standard curve. Cervicovaginal washings were 
concentratedd by ultracentrifugation (Centriprep-10, Amicon, Bedford, MA, USA) in order to 
bee able to obtain similar IgG amounts for paired samples of cervicovaginal washings and sera 
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inn the RIPA. After the concentration procedure the IgG content was measured again. The IgG 
concentrationss in concentrated cervicovaginal washings were 0.023 to 13.75 mg/ml. Despite 
thee concentration procedure, in most cases the total IgG input for cervicovaginal washings 
wass lower than for serum in the RIPA. 

InIn vitro translation (IVT) of HPV 16 E7proteins 
pSP64-polyAA vectors (Promega, Madison, WI, USA) containing the E7 ORF of HPV-

166 were used in a coupled transcription-translation system. E7 (derived from a pGeml 
constructt kindly obtained from P. Howley 27) was cloned downstream from the SP6 promoter 
intoo the multiple cloning site between the Hind III and Sac-I restriction sites. The generated 
HPVV 16 E7 construct was confirmed by DNA sequence analysis. HPV 16 E7 DNA was in 
vitrovitro transcribed and translated using the TNT® Coupled Reticulocyte Lysate System 
(Promega)) according to the manufacturer's instructions. For one in vitro transcription-
translationn reaction 25 ul of micrococcal-nuclease treated rabbit reticulocyte lysate (Promega) 
andd one ug of DNA was incubated in the presence of 40 uCi  35S-methionin (Amersham, 
Buckinghamshire,, UK) and 30-45 units RNAse inhibitor (RNAguard®, Pharmacia Biotech 
AB,, Uppsala, Sweden). 

AA Sephadex G25 (medium) gel filtration column (Pharmacia LKB, Uppsala, Sweden) 
separatedd the IVT product from the unincorporated 35S-methionin. The fractions containing 
thee peak of radioactively labeled protein were pooled and the molecular weight (MW) of the 
proteinn was confirmed by SDS polyacrylamide gel electrophoresis (SDS-PAGE). 

Radio-immunoprecipitationRadio-immunoprecipitation assay (RIPA) 
RIPAA was performed as described previously in a slightly modified assay 28. Two u.1 of 

serumm or up to a maximum of 40 ul of concentrated cervicovaginal washing fluid and 60,000 
countss per minute (cpm) of labeled HPV-16 E7 protein in RIPA buffer (lOmM Tris HC1 pH 
8.0,, 140 mM NaCl, 0.025 % NaN3 and 0.1% Nonidet P-40) were incubated per well in a 96 
V-bottomm micro well plate (Nunc™, Denmark) overnight at 4°C. After addition of 50 ul of 
Protein-A-Sepharosee beads (Pharmacia LKB) (0.30g/10ml RIPA buffer) to each well, the 
platess were incubated for 2 hrs, at 4 °C, under continuous shaking conditions. Protein-A-
Sepharosee beads have a high affinity for human IgG antibodies (subclasses 1, 2 and 4) 29. The 
contentss of the wells were transferred to 96-wells filter plates (Millipore, Bedford, MA, USA) 
whichh had been prewetted with RIPA buffer. After repeated washing with RIPA-buffer, the 
filterss were punched into scintillation vials containing 2 ml of scintillation fluid (Hionic 
Fluor)) (Packard, Meriden, CT, USA). The radioactivity of the immunoprecipitations (cpm) 
wass measured in a PACKARD TRI CARB 460 CD Liquid Scintillation System. 
Cervicovaginall  washings and sera were tested in triplicate. For each plate the background 
cpmm was defined as mean cpm of three wells containing labeled antigen without sample. This 
backgroundd was subtracted from the sample readings. Also wells with PBS only and RIPA 
bufferr only, without labeled antigen were tested for each plate. For each plate serial dilutions 
off  a positive control serum sample were included in duplicate. Based on this positive control 
serum,, sample readings were corrected for the inter-assay variance. Paired samples of 
cervicovaginall  washing and serum from one individual were always tested at the same plate 
andd each group of patients was tested at the same day. The intra-plate coefficient of variation 
(cv)) was calculated for triplicates of individual samples. This cv was less than 21.5 %. The 
inter-platee cv was calculated for the mean cpm values of the positive control serum sample. 
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Thee inter-plate cv was 13.8 %. We decided to use an arbitrary cut-off value, based on the 
valuess of the samples (cervicovaginal washings and sera) of the control subjects, to score the 
individuall  samples positive or negative for IgG antibodies against HPV 16 E7 protein. 
Additionally,, titrations were performed with paired samples of cervicovaginal washings and 
sera. . 

StatisticalStatistical analysis 
Thee cut-off value for positive antibody reactivity to HPV 16 E7 was calculated as the 

meann cpm + 3 SD from the control subjects after excluding the outliers. The Mann Whitney U 
(MWU)) test was applied for group comparison. The linear regression analysis was performed 
afterr log transformation of the IgG amounts to obtain normally distributed values. Regression 
analysiss was performed with Graph Pad Prism (version 3.0). Probability values below 0.05 
weree considered significant. 

Results s 
HPV-DNAHPV-DNA analysis 

AA total of 15 out of 22 (68%) patients with cervical cancer had HPV 16 DNA positive 
cervicall  smears. Twelve patients had a single type (HPV 16) and 3 patients had an additional 
HPVV type (HPV 16 combined with HPV 18, HPV 31 or HPV 45) in the same sample. Five 
outt of 22 (23%) patients with cervical cancer were positive for other HPV types in the 
cervicall  smears; HPV 18 (n=3) and HPV 45 (n=2). In two patients no HPV-DNA could be 
detectedd in the cervical smears. 

HPV-DNAA analysis of the cervical cancer biopsies showed in 12 out of 16 cases 
(75%)) the same HPV type in the tumor tissue as in the cervical smear. In the other 4 cases no 
HPV-DNAA was detected in the tumor tissue. 

Inn the group of patients with CIN, 19 out of 38 (50%) were only HPV 16 DNA 
positive,, 11 out of 38 (29%) were positive for other types than HPV 16 and 8 out of 38 (21%) 
weree HPV DNA test negative in the cervical smears. 

ValidationValidation of the assay 
Thee cut-off values were determined by measurement of the IgG reactivity against HPV 

166 E7 in cervicovaginal washings and sera from the control group (figure 1). The cut-off 
valuess for cervicovaginal washings and sera were 263 and 82 cpm, respectively, after 
excludingg two outliers from the sera. Additionally, we measured IgG reactivities against HPV 
166 E7 in sera from children, which were supposed to be low, to validate the cut-off value 
basedd on the sera of the control group (figure 1). The median (interquartile range) cpm value 
wass 24 (13-37). Three out of 41 sera from children were just above the cut-off value. On the 
basiss of this outcome, we decided to use the cut-off values derived from the control group in 
thee further analysis. The measured cpm for serum from two patients with multiple myeloma 
weree 26 and 13 respectively. 

Too investigate whether the antibody reactivity against HPV 16 E7 in serum and 
cervicovaginall  washings was specific, immunoprecipitations have been performed with these 
samples.. The precipitated proteins with cervicovaginal washings and sera of patients with 
cervicall  cancer were analyzed by SDS-PAGE (Figure 2). 
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Figuree 1 - IgG anti HPV 16 E7 antibody reactivities of sera obtained from 41 children (aged 10-12 years) and of 
seraa and cervicovaginal washings (CW) from the control group (n=22). IgG anti HPV 16 E7 protein reactivities 
aree measured by RIPA and are expressed as immunoprecipitated counts per minute (cpm). The median 
(interquartilee range) cpm value in sera from children and the control group was 24 (13 to 37) and 5 (-3 to 18), 
respectively.. For the cervicovaginal washings from the control group the value was 26 (8 to 83) cpm. The cut-off 
valuesvalues for sera and cervicovaginal washings were 82 and 263 cpm, respectively. 

Thee apparent molecular weight of the precipitated proteins with cervicovaginal washing and 
serumm from a patient with cervical cancer that were positive in the RIPA was identical to that 
off  the HPV 16 E7 IVT product. No precipitated proteins were observed with a paired 
cervicovaginall  washing and serum sample that were negative in the RIPA. 

DetectionDetection of local and serum antibodies against HPV 16 E7 protein 
Firstlyy we measured local and serum IgG antibodies against HPV 16 E7 protein in 

patientss with cervical cancer (Figure 3). IgG antibodies against the E7 protein were observed 
inn the cervicovaginal washings (n=8) and in the sera (n=8) of patients with cervical cancer 
(n=22).. In 6 patients the HPV 16 E7 specific IgG reactivity was higher in cervicovaginal 
washingg fluid compared to paired samples of serum. Two patients showed a higher IgG 
reactivityy in serum and two patients had similar local and seroreactivity against HPV 16 E7 
protein.. Titration curves of cervicovaginal washings and serum of two individual patients are 
shownn in figure 4. In patient A (figure 4A) the increase in cpm for both serum and 
cervicovaginall  washing correlated significantly with the amount of IgG added (serum r=0.99, 
p<0.005;; cervicovaginal washing r=0.96, p <0.005). The slopes of the regression lines did not 
differr significantly (slope serum, 3308  SE, 270; slope cervicovaginal washing 3086  422). 
Parallell  line analysis with common slope showed a significant difference between the 
elevationss (p<0.001). It was calculated that at the same amounts of IgG the cpm for 
cervicovaginall  washing were 9.1 (95% confidence interval 7.6 to 10.7) times higher than for 
thee serum. 

Inn patient B (figure 4B) the cpm for cervicovaginal washing were higher than those for 
serumm at all IgG amounts tested (MWU test, pO.001). 
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Figuree 2 - Precipitated serum (324 \l% of IgG) and cervicovaginal washing (11 \ig of IgG) of a patient with 
cervicall  cancer which were positive in the RIPA. The immunoprecipitation products (lane 2 and 3) have the 
samee apparent molecular weights (kilodaltons) as the HPV 16 E7 IVT product (lane 1) on a 15% SDS-PAGE. 
Similarr amounts of a serum (472 u.g of IgG) and cervicovaginal washing (8 | ĝ of IgG) of another patient with 
cervicall  cancer which were negative in the RIPA (lanes 4,5) did not show an immunoprecipitation product. 
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Figuree 3 - IgG antibodies against HPV 16 E7 proteins in paired cervicovaginal washing and serum samples of 
patientss with cervical cancer (n=22). Each dot represents one individual. IgG antibodies against HPV 16 E7 
proteinn are measured by RIPA and are expressed as immunoprecipitated counts per minute (cpm). In 
cervicovaginall  washings (CW) of patients with cervical cancer, the median (interquartile range) cpm value was 
388 (-6 to 607). In the sera the median value was 26 (-25 to 206). The cut-off values were for cervicovaginal 
washingss and sera 263 cpm and 82 cpm, respectively. Dots on the left side from the line y=x higher than the cut-
offf  indicate higher local reactivity than seroreactivity. Negative cpm values are depicted as values below 3 cpm. 
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Inn the group of patients with HPV 16 positive cervical cancer, IgG antibodies were 
foundd in 9 out of 15 (60%) patients in serum and/or in cervicovaginal washings. Six patients 
withh HPV 16 related cervical cancer had no detectable antibodies in cervicovaginal washing 
fluidd and serum. No antibodies against HPV 16 E7 protein could be demonstrated in the other 
patientss with cervical cancer who were either HPV positive for other types than 16 (HPV 18 
(n=3),, HPV 45 (n=2)) or HPV-DNA test negative (n=2), except for one patient. In this patient 
whoo had an HPV 18 DNA positive cervical smear, local antibodies against HPV 16 E7 were 
observed,, although the reactivity was low (439 cpm) (figure 5). 

Subsequently,, we measured local and serum IgG antibodies against HPV 16 E7 
proteinn in patients with CIN. In 5 out of 38 (13%) patients with CIN IgG antibodies against 
HPVV 16 E7 protein were found in the cervicovaginal washings (two CIN I patients: 308 and 
5322 cpm, two CIN II patients: 397 and 488 cpm and one CIN III patient: 483 cpm). No 
antibodiess could be demonstrated in the serum samples from these patients. 

Outt of the five patients with CIN showing low local antibody reactivity, three were HPV 
166 DNA positive, one was HPV DNA test negative and one was positive for HPV 31 and 54. 

Discussion n 
Inn this study we have demonstrated antibody reactivity against HPV 16 E7 proteins in 

cervicovaginall  washing fluid of patients with cervical cancer and CIN, using the RIPA 
technique.. This assay appeared to be more specific than other serological techniques and it 
wil ll  detect also antibodies directed to conformational epitopes 31'33. Local antibodies against 
HPVV 16 E7 proteins were found in 8 out of 22 (36 %) patients with cervical cancer and in 5 
outt of 38 (13%) patients with CIN. The local reactivity in the patients with cervical cancer 
wass in most cases (6 out of 8 patients) higher than in serum, whereas the total IgG input was 
equall  or lower for cervicovaginal washing samples than for serum. No seroreactivity was 
foundd in the patients with CIN. The higher local reactivity compared to seroreactivity in the 
presencee of equal total IgG input suggests that the antibodies in the cervicovaginal washings 
aree locally produced. Contamination of the CW with blood does not pose a problem in this 
respect,, since leakage of blood will tend to equalize the specific reactivity in CW and serum 
perr equal amount of IgG. 

Inn this study, of the 15 patients (cervical cancer or CIN) with IgG antibodies against 
HPVV 16 E7, 12 were HPV 16 DNA positive. No HPV 16 E7 specific IgG antibodies were 
detectedd in the patients with cervical cancer (n=3) and CIN (n=2) who were positive for two 
HPVV types: HPV 16 and another HPV type (HPV 18, 31, 45 or 51). Patients positive for other 
HPVV types were also negative in the RIPA, except for three patients. One patient with cervical 
cancerr (HPV 18) and two patients with CIN (one with HPV 31 and 54, and the other was 
HPV-DNAA test negative) showed antibodies against HPV 16 E7, though with low reactivities. 
However,, it can not be excluded that these patients had been infected with HPV 16 in the past 
orr that a cervical HPV 16 infection was missed by the used HPV-DNA detection test. 
Althoughh the number of patients investigated is small, these findings suggest that the RIPA 
techniquee is specific for HPV 16. 

Inn this study the cut-off value was based on the measured reactivity in serum and 
cervicovaginall  washing samples of a control group of healthy women who were recruited via 
ann advertisement. These women were selected for normal cervical smears and no detectable 
HPV-DNAA in their cervical smears. 
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Figuree 4 - Titration curves of IgG antibody reactivity against HPV 16E7 protein measured by RIPA in paired 
cervicovaginall  washing (CW) and serum samples of two patients with cervical cancer. A. The increase in cpm 
correlatedd significantly with the amount of IgG added both for cervicovaginal washing and serum (r=0.99 and 
0.96,, respectively). Parallel line analysis showed significantly different cpm for cervicovaginal washing and 
serumm at the same IgG input (p<0.001). B. The cpm for cervicovaginal washing were higher than those for serum 
att all IgG amount tested (MWU, pO.001). 

6000. . 
-p--p- 5000. 
tt 4000. 
OO 3000. 
—— 2000. 

>> 1500. 
•-C3 3 
O O 
CO O 

SS 1000. >. . -a -a 
SS 500. 
•J3 3 

cut-offf CW 
cut-offf serum 

CW W 

Figuree S - IgG antibody reactivity in patients with cervical cancer with HPV 16 positive (7/15 in cervicovaginal 
washing;; 8/15 in serum), HPV positive for other types than HPV 16 (1/5 in cervicovaginal washing; 0/5 in 
serum),, and HPV-DNA negative cervical smears (0/2 in cervicovaginal washing; 0/2 in serum) measured by 
RIPA. . 
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However,, we can not exclude a previous HPV infection, since most women were 
sexuallyy active. Therefore we have analyzed the sera from children aged 10-12 years, 
althoughh we also can not exclude that infections with genital HPV types have occurred in 
thesee children34. We concluded that the cut-off value for serum was validated since only three 
outt of 41 sera from children were above the determined cut-off value. 

Ourr serological data in patients with cervical cancer are in the same range as reported 
inn other studies investigating cervical cancer patients with a similar disease stage using the 
RIPAA technique 28; 35"37. In CIN patients a low occurrence of IgG antibodies in serum against 
HPVV 16 E7 protein was described in two studies, 4.2 % (1 out of 24) and 11 % (3 out of 28), 
respectivelyy , in line with our results. 

Thiss low or lacking IgG reactivity against HPV 16 E7 protein in serum 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. We observed a very low level of 
locall  IgG antibodies against HPV 16 E7 protein in 5 out of 38 CIN patients. This finding has 
too be corroborated in more elaborate studies. 

Increasedd antigen load and a more effective antigen presentation in cervical cancers 
resultss in an increased antibody response 28; 38, although patients may also become 
immunotolerantt due to a large tumor burden. In this study, approximately 40% of the patients 
withh HPV 16 positive cervical cancer showed no specific antibody reactivity. Alternatively, 
thee patient's immune system may fail to recognize and respond to the E7 antigen, which 
mightt be dependent on HLA-type 39; 40. In addition, there might be a defect in the mechanisms 
forr presenting HPV 16 E7 to the immune system via the MHC pathway. 

Inn addition to the detection of antibodies against HPV 16 E7 protein, it wil l be 
necessaryy to study the presence of local antibodies against other HPV types and other early 
andd late (virus like particles (VLP's)) HPV antigens in patients with premalignant cervical 
lesions.. This to elucidate the role of mucosal antibodies in the immune response against HPV 
infection.. Mucosal antibody responses in the female genital tract imply IgG as well as IgA 
45.. IgG might be more important than IgA as in the normal human cervix total IgG levels are 
higherr than IgA levels 10. Specific secretory IgA (SIgA) antibodies against HPV proteins are 
probablyy also important to investigate, although it is not clear whether SIgA is the most 
importantt protecting antibody against pathogens in the female genital tract. Recently, IgA and 
IgGG responses against virus-like particles (VLPs) of HPV 16 have been described indicating a 
correlationn between systemic IgA responsess and clearance of HPV 16 which was not observed 
withh the local IgG and IgA responses ' . 

Thee observed local specific IgG antibodies against HPV 16 E7 in patients with 
cervicall  cancer and CIN stress the importance of a better knowledge of local immunity in the 
femalee genital tract with respect to HPV. The measured IgG against HPV 16 E7 protein in 
cervicovaginall  washings may originate from local production, transudation or a combination 
off  both. The higher local than serological reactivity per similar IgG amount in a number of 
patientss strongly suggests that in these patients locally produced antibodies at least contribute 
too this local reactivity. For a more definitive proof that IgG HPV 16 specific antibodies are 
locallyy produced, the presence of specific anti-HPV 16 E7 IgG producing plasma cells have to 
bee demonstrated in the cervical epithelium. 
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