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Chapterr  1 

GENERALL  INTRODUCTIO N 



Chapterr 1 

Humann papillomavirus (HPV) infection plays an important role in the pathogenesis of 
cervicall  neoplasia. Many women will be infected with genital HPV types during their 
(reproductive)) life. However, studies have demonstrated that most HPV infections are 
transientt '"3. Infection of the genital mucosa with a high risk genital HPV type (See 
phylogeneticc tree (figure 1)) does not immediately implicate the development of a 
(pre)malignantt lesion. The events that possibly occur after an HPV infection and the HPV 
involvedd pathogenesis of a cervical (pre)malignant lesion are outlined in figure 2 5. The 
histologicall  classification of cervical dysplastic lesions is made into mild (CIN I), moderate 
(CINN II) or severe dysplasia (CIN III) . The final outcome of an HPV infection will be 
determinedd for an important part by the host's immunological system that may interfere at 
severall  stages of the HPV infection. The analysis of the immunological response may bring 
cluess for prevention and therapy of HPV infections. For the development of an HPV vaccine 
itt is not only necessary to have knowledge of the immunologic defense against HPV but 
especiallyy of the regulation of the local mucosal immunity in the female genital tract. 

Currently,, studies are conducted worldwide on HPV vaccination strategies 6. 
Especiallyy for developing countries where cervical cancer is still a major cause of death in 
women,, prophylactic vaccines are urgently needed. On the other hand therapeutic vaccination 
trialss have been conducted and others are still underway both for the treatment of genital 
wartss and for cervical cancer. 

Sincee genital HPV infection is confined to epithelium, local immunity in the female 
genitall  tract seems to be of crucial importance in the outcome of an HPV infection. The local 
immunee status might determine whether the virus infection will be cleared or will be 
persistent,, finally resulting in the development of cervical neoplasia. The local immune 
systemm in the lower female genital tract is part of the mucosal immune system. Like in 
systemicc immunity the mucosal immune system can be divided in a cellular and a humoral 
effectorr pathway. This thesis will deal with aspects of mucosal immunity in relation to HPV 
infectionn and HPV related cervical neoplasia. We will focus on antibodies against HPV, and 
onn cytokines. 

Humann papillomaviruses 
Humann papillomaviruses (HPVs) are small circular double-stranded DNA viruses 

belongingg to the family of papovaviridae. So far, more than 100 different HPV genotypes 
havee been identified 7'8. 

HPVss are strictly epitheliotropic and each type preferentially infects a specific 
anatomicall  site. In general HPVs can be divided in cutaneous and mucosal types. The 
mucosall  types are predominantly found in the anogenital tract and also in the aerodigestive 
tract.. Mucosal HPV types are classified into "low-risk" and "high-risk" types based on the 
ratioo of the prevalence of these types in CIN and cervical cancer lesions 9. HPVs infecting the 
genitall  tract can lead to benign (genital warts) or (pre)malignant lesions of the cervix, vulva 
andd vagina. More than 99% of cervical carcinomas contain HPV DNA  10. About 80% of 
cervicall  cancer is associated with four "high-risk" types of HPV, types 16, 18, 31, 45 ". HPV 
166 has been found in approximately 50% of all cervical carcinomas 9 and for HPV 16 and 
HPVV 18 it has been demonstrated that their genomes are often integrated into cellular host 
DNAA of the malignant cells 12. 

10 0 



Generall  introduction 

Figuree 1 A phylogenetic tree of 47 HPV types based on the alignment of 384 nucleotides in the E6 gene 
sequence.. Cutaneous versus mucosal and high-risk (HR) versus low-risk (LR) branches can be distinguished. 
EV:: Epidermodysplasia Verruciformis group.4 

Thee HPV genome can be divided into a coding and a non-coding region. The non-
codingg region is the long-control region (LCR). The coding region encodes the "early" (E) 
andd "late" (L) viral proteins translated in three partially overlapping open reading frames. The 
earlyy proteins are involved in the regulation of viral transcription and DNA replication. The 
latee genes encode structural proteins, i.e. the viral capsid proteins (LI and L2) l3. The 
oncogenicc proteins E6 and E7 of "high-risk" types are persistently expressed in cervical 
carcinomass and interfere with the cell cycle control resulting in uncontrolled cell proliferation 
14 4 

Thee immune system may play a pivotal role in the outcome of an HPV infection. 
Clinicall  data to support this hypothesis are obtained from studies in normal and 
immunosuppressedd women 14. Most HPV infections are transient in immunocompetent 
women.. The prevalence of HPV is age related. In women aged 20-25 years the reported 
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HPVHPV shedding 

Figuree 2 HPV infects the basal cells at the squamo-columnar junction of ecto-endocervix. Viral replication in 
thee suprabasal layers is accompanied by expression of early open reading frames El, E2, E5 and to a lesser 
extent,, E6 and E7. Infected cells move distally, E4, LI and L2 are expressed, and viral particles are formed. 
Maturee virus shedding. For example HPV 16 DNA can integrate into the host cell genome. Overexpression of 
HPVV 16 E6 and E7 oncogenes predisposes to malignant transformation. In later stages, invasive tumor growth 
rupturess the basement membrane and malignant cells may metastasize to distant organs. 

prevalencee of HPV is 20-46%, in women older than 30 years this decreases to 6% '5; '6. 
Severall  cohort studies showed a median duration of a new HPV infection of less than a year. 
Inn the majority of women the virus could not be detected anymore at later time points in the 
studyy '"3. Persistence of HPV infections (>6 months) was dependent on older age, infection 
withh multiple HPV types and previous infection with a high-risk type '7. Based on 
retrospectivee studies it has been estimated that CIN I, CIN II, and CIN III progress to invasive 
lesionss in approximately 1%, 5% and more than 12% of the cases, respectively '4. The 
probabilityy of regression of CIN I, CIN II and CIN III is 60%, 40% and 33%, respectively 14. 
Inn a nested case-control study women with high HPV 16 viral loads were at higher risk of 
developingg cervical carcinoma in situ 18. 

12 2 
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Mucosall  immunity 
Thee mucosal immune system is involved in the local defense against pathogens at 

mucosall  sites '9. The mucosal immune system spans a large surface area (over 400 m2) where 
antigenss are encountered and processed via mucosa associated lymphoid tissue (MALT) . 
MAL TT is present at several mucosal surfaces such as the gastrointestinal and the respiratory 
tract.. There are indications, which will be discussed later, that the lower female genital tract 
alsoo contains MALT. 

Inn the afferent phase antigen is encountered at the mucosal surface by antigen 
presentingg cells (APCs) and subsequently delivered to the underlying submucosal lymphoid 
tissuee and/or to the regional draining lymph nodes. This antigen uptake and presentation 
resultss in lymphocyte priming, which is followed by migration ("homing") of T- and B-cells 
too mucosal effector sites via the regional draining lymph nodes and the peripheral blood 20. 
Precursorr cells of cellular and humoral immunity, located in T- and B-cell zones, are 
stimulated,, finally resulting in production of T helper (Th) cells, cytotoxic T cells (CTLs) and 
immunoglobulinss at mucosal effector sites such as the lamina propria and the mucosal 
epitheliumm (reviewed in 2I). Secretory IgA (SIgA) is the best defined component of the 
immunoglobulinss at mucosal surfaces 22. In addition IgG and SIgM also contribute to mucosal 
surfacee protection 23. In the regulation of the mucosal immune response also cytokines play an 
importantt role (reviewed in ). There are indications that interleukin (IL)-5, IL-6, IL-10, 
interferon-gammaa (IFN-y) and transforming growth factor-beta (TGF-p) are involved in the 
productionn of IgA  24"27. 

Biopsiess taken from the vaginal and the ectocervical mucosa of the female lower 
genitall  tract revealed the presence of Langerhans dendritic cells, which are important in the 
afferentt phase of the immune response 28. In the submucosa of especially the transformation 
zonee of the cervix lymphocyte subsets and plasma cells have been identified with a tendency 
too form lymphocyte aggregates, suggesting the presence of MALT 29" 2. Immunoglobulin 
producingg plasma cells are also found in the oviduct, the uterus and the endocervix 3 . Intra-
epitheliall  lymphocytes are present in the vaginal and cervical epithelium, with the highest 
densityy in the transformation zone 34. These intra-epithelial lymphocytes may function as 
effectorr cells. 

Immunoglobulinss have been demonstrated in cervicovaginal secretions. Initially it was 
thoughtt that SIgA was the predominant Ig class in normal cervicovaginal secretions 35, which 
iss similar to the findings in the gastrointestinal and the upper respiratory tract. In contrast to 
this,, recent studies indicate a general predominance of IgG in cervical secretions 30, 36' 
3previewedd in31). 

Cytokiness play a role in the regulation of the immune response. Several cytokines, e.g. 
IL-lp ,, IL-2, IL-6, IL-8, IL-10, IL-12, IFN-y, and tumor necrosis factor-alpha (TNF-a) have 
beenn detected in cervical/cervicovaginal secretions of healthy women 39-44. IL-ip , IL-2, IL-4, 
IL-6,, IL-10, IL-12p40, IFN-y, TNF-a and TGF-p 1 were also demonstrated on mRNA- and 
protein-levell  in the tissues from the normal ectocervix and the transformation zone 4S_48. 

Thus,, apart from regional differences throughout the genital tract, the components to 
exertt an inductor and effector phase of the immune system seem to be locally present in the 
femalee genital tract49. 
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Immunoglobulinss and antibodies against HPV 
Thee technical development of the in vitro production of HPV proteins by recombinant 

DNAA techniques and the production of synthetic oligopeptides has led to the development of 
variouss assays to detect antibodies against early and late HPV proteins (reviewed in 50). The 
laboratoryy tests commonly used in HPV serology had been Western blotting and enzyme 
linkedd immunosorbent assay (ELISA). In these tests fusion proteins, synthetic oligopeptides, 
wholee proteins, virus particles and virus-like particles (VLPs) have been used as antigens. The 
introductionn of assays using VLPs (containing LI or L1/L2) contributed to further 
developmentss in this area 51"54. Another method for HPV serology is the 
radioimmunoprecipitationn assay (RIPA) utilizing in vitro synthesized viral proteins. The 
newlyy introduced sandwich ELISA using tagged proteins (HPV 16, 18 E6 and E7) seems to 
combinee both high sensitivity and high specificity similar to the RIPA  55; 56. At present the 
RIPAA and the ELISA using tagged HPV proteins and VLPs seem to be the most suitable 
techniquess to investigate the local and systemic humoral immune response against HPV. 

Locall  antibodies against HPV that were demonstrated are predominantly of the IgA 
andd IgG class. IgA antibodies against HPV capsids from HPV 6, 11, 16, 18, 31, 33 and 35 
weree demonstrated in cervical mucus from patients with cervical neoplasia and controls 57. In 
otherr studies, local antibodies have been detected against E2, E7, LI and L2 of HPV 16 in 
cervicall  secretions and in cervicovaginal washings of patients with cervical neoplasia, patients 
withh condylomata and women with normal cervical cytology 58'61. It should be noted that so 
farr IgA antibodies have been measured as total IgA antibodies and that there is no information 
onn the relative contributions of SIgA and monomeric IgA. Local IgG against HPV 16 E2 was 
reportedd in patients with CIN and in healthy controls 60. Recently, studies showed also IgA 
andd IgG HPV 16 VLP specific antibodies in cervical mucus samples 62, 63. However, in none 
off  these studies a comparison has been made between the presence of specific antibodies in 
cervicall  secretion and serum. Therefore it is not clear whether the antibodies against HPV in 
thee cervicovaginal secretions were locally produced or a result of transudation from the blood. 
Resultss are also difficult to interpret as no attention has been paid to the total IgA or IgG 
concentrationss in the samples. 

Recentt technical progress in the development of assays on HPV specific mucosal 
humorall  immunity like the sandwich protein ELISA and the RIPA seems promising as these 
techniquess have substantially increased the sensitivity of tests 55,56, M'65. Using both RIPA 
andd sandwich protein ELISA we measured IgG antibodies to HPV 16 E7 in paired samples of 
cervicovaginall  washing fluid and serum from patients with cervical cancer, CIN, and healthy 
individualss 64 65. Furthermore, we also measured local antibodies against HPV 16 E6 and 
HPVV 18 E6 and E7 65. 

Cytokines s 
Cytokiness are (glyco)proteins that function as signalling and regulatory proteins for 

thee communication between cells. Cytokines are regulatory factors both in the afferent and in 
thee efferent phase of the immune response. Possible cytokine-mediated anti-HPV effects are 
mainlyy based on in vitro studies (reviewed in 66). In vivo information on cytokines in relation 
too HPV infections and cervical neoplasia is scarce, especially concerning mucosal immunity. 
Almostt all studies concerning cytokines are obtained from tissue analysis (mRNA expression 
andd immunohistochemistry). Reduced expression was found for IL-12p40 and IFN-y 45_47 in 
CINN and cervical cancer. Increased expression was found for IL-10 45;46;48 in high grade CIN 
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andd cervical cancer. IL-la, IL-6 and TNF-a mRNA expression was not changed in either 
CINN or cervical cancer tissues 47. TGF-p mRNA expression was observed in biopsies taken 
fromm normal cervical tissue, CIN and cervical carcinoma 46. TGF-p protein expression was 
commonn in CIN lesions, but the pattern and intensity was not clearly related to the grade or 
clinicall  course of the lesions 67. A decreased intracellular TGF-P 1 protein expression in 
neoplasticc epithelium and an increased extracellular stromal TGF-pi expression was 
associatedd with cervical cancer, suggesting that loss of TGF-P 1 expression may be an early 
eventt in neoplastic transformation . A study on freshly isolated cervical carcinoma cells 
showedd increased local TGF-p 1 . 

Severall  groups have reported on cytokines in cervicovaginal washings in relation to 
humann immunodeficiency (HIV) infections 39;4243; 70. Recently, in addition to our studies on 
cytokinee levels in cervicovaginal washings in HPV related cervical neoplasia which are 
describedd in this thesis, scarce detailed reports have appeared on this subject 4 . We have 
measuredd IL-6 and IL-8 levels in cervicovaginal washings from patients with cervical 
neoplasiaa and from controls 41. In a further study we have investigated the cervicovaginal 
fluidd levels of the cytokines IL-12p40, IFN-y, IL-10, TGF-p 1, TNF-a and IL-l p 71. 

IL-66 is a multifunctional protein that regulates immune responses and acute phase 
reactionss and mediates the host response against tissue injury 72. Furthermore, IL-6 plays a 
rolee in the production of immunoglobulins. IL-8 has a proinflammatory function in the 
chemotaxiss and activation of neutrophils, eosinophils and lymphocytes 73, and it is a potent 
angiogenicc factor 74. IL-12 and IFN-y promote the cellular immune response by stimulating 
naturall  killer (NK) cells and by stimulating the development of cytotoxic T cells (CTL)75. IL-
6,, IFN-y, IL-10 and TGF-p play an important role in the Ig production 24; 25; 76 26; 27; 77. IL-l p 
iss a pro-inflammatory cytokine, which activates T-and B-lymphocytes and NK-cells: it 
inducess acute-phase proteins and stimulates the formation of inflammatory infiltrates 78. IL-
l aa and TNF-a, also pro-inflammatory cytokines, inhibited proliferation of normal epithelial 
cellss cultured from human cervix, but significantly stimulated proliferation of a part of 
cervicall  cell lines immortalized by transfection with HPV 16 or 18 DNA or cell lines derived 
fromm cervical carcinomas 79. 

Cytokiness may cause immunosuppressive effects. IL-10 inhibits the development of a 
cellularr response by inhibition of IL-12 production 76 and TGF-p antagonizes the effects of 
IFN-yy 80. It should be realized that cytokines also may directly interact with tumor cells. Both 
TNF-aa and TGF-p are supposed to exert antiproliferative effects 77; 81: 82. Several studies 
showedd that in vitro growth of normal and HPV transformed keratinocytes was inhibited by 
TNF-aa 79; 83*86. With respect to HPV related tumors TGF-p is important in its capacity to 
inhibitt the expression of E6 and/or E7 genes 87'88. IFN-y may also have an antiproliferative 
effectt and it may induce HLA-class II expression " '. High intratumoral IFN-y mRNA levels 
weree associated with an increased disease free survival in all patients with cervical cancer in a 
22 year follow-up study 89. Both normal and HPV transformed keratinocytes are sensitive to 
growthh inhibition by IFN-y 83. However, mixed results have been obtained with treatment 
withh IFNs (reviewed in 92; 93). Different effects of IFN-a, -p and -y on various cervical 
carcinomaa cell lines containing integrated copies of HPV 16 or 18 may account for these 
contradictoryy clinical results 4. 

Supernatantss of in vitro cultures of explants of premalignant cervical epithelium 
containedd heterogeneous IL-la, TNF-a, IL-10 and IL-12 cytokine patterns with diverse 
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functionall  effects . This heterogeneity of the local cytokine microenvironment of 
premalignantt cervical lesions may play a role in the local immune response and hence affect 
clinicall  outcome. 

16 6 
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Outlin ee of this thesis: 

Thee aim of the study was to investigate aspects of the mucosal immunity of the female genital 
tractt in patients with HPV related cervical neoplasia. 

Inn chapter 2 we describe epidemiological aspects and mucosal immunological aspects of HPV 
infection. . 

Inn chapter 3 we discuss whether IgG antibodies against HPV 16 E7 protein were detectable in 
cervicovaginall  washings from patients with CIN and cervical cancer with the use of a 
radioimmunoprecipitationn assay and whether we could demonstrate local production of IgG 
antibodiess against HPV 16 E7 protein. 

Inn chapter 4 we substantiated the results of chapter 3 by performing a sandwich protein 
ELISAA and additionally we measured IgG antibodies against HPV 16 E6 and HPV 18 E6 and 
E7. . 

Inn chapter 5 we investigated whether IL-6 and IL-8 are locally produced and possibly 
involvedd in the regulation of mucosal immune responses against HPV related cervical 
neoplasia. . 

Inn chapter 6 we have investigated the cervicovaginal fluid levels of the cytokines IL-12p40, 
IFN-y,, IL-10, TGF-pi, TNF-a and IL-1(3 all of which have different functions in promoting 
cellularr immunity, proinflammatory and immunosuppressive actions. 

17 7 



Chapterr 1 

References s 

1.. Moscicki AB, Shiboski S, Broering J, et at. The naturai history of human papillomavirus infection as 
measuredd by repeated DNA testing in adolescent and young women. J Pediatr 1998; 132:277-84. 

2.. Hinchliffe SA, Van Velzen D, Korporaal H, Kok PL, Boon ME. Transience of cervical HPV infection 
inn sexually active, young women with normal cervicovaginal cytology. Br J Cancer 1995; 72:943-5. 

3.. Evander M, Edlund K, Gustafsson A, et al. Human papillomavirus infection is transient in young 
women:: a population-based cohort study. J Infect Dis 1995; 171:1026-30. 

4.. Van Ranst M, Tachezy R, Burk RD. Human papillomaviruses: a neverending story? In: Lacey C, ed. 
Papillomaviruss reviews: current research on papillomaviruses. Leeds: Leeds University Press, 1996: 1-
19. . 

5.. Tindie RW. Human papillomavirus vaccines for cervical cancer. Curr Opin Immunol 1996; 643-650. 
6.. Ling M, Kanayama M, Roden R, Wu TC. Preventive and therapeutic vaccines for human 

papillomavirus-associatedd cervical cancers. J Biomed Sci 2000; 7:341-56. 
7.. de Villier s EM. Human pathogenic papillomavirus types: an update. Curr Top Microbiol Immunol 

1994;; 186:1-12. 
8.. de Villier s EM. Papillomavirus and HPV typing. Clin Dermatol 1997; 15:199-206. 
9.. Lorincz AT, Reid R, Jenson AB, Greenberg MD, Lancaster W, Kurman RJ. Human papillomavirus 

infectionn of the cervix: relative risk associations of 15 common anogenital types. Obstet Gynecol 1992; 
79:328-37. . 

10.. Walboomers JM, Jacobs MV, Manos MM, et al. Human papillomavirus is a necessary cause of invasive 
cervicall  cancer worldwide. J Pathol 1999; 189:12-9. 

11.. Stoler MH. Human papillomaviruses and cervical neoplasia: A model for carcinogenesis. Int J Gynecol 
Patholl  2000; 19:16-8. 

12.. Stoler MH, Rhodes CR, Whitbeck A, Wolinsky SM, Chow LT, Broker TR. Human papillomavirus type 
166 and 18 gene expression in cervical neoplasias. Hum Pathol 1992; 23:117-28. 

13.. Zhou J, Frazer IH. Papovaviridae: capsid structure and capsid protein function. In: Lacey C, ed. 
Papillomaviruss reviews: current research on papillomaviruses. Leeds: Leeds University Press, 1996: 93-
100. . 

14.. Arends MJ, Buckley CH, Wells M. Aetiology, pathogenesis, and pathology of cervical neoplasia. J Clin 
Patholl  1998;51:96-103. 

15.. Burk RD, Ho GY, Beardsley L, Lempa M, Peters M, Bierman R. Sexual behavior and partner 
characteristicss are the predominant risk factors for genital human papillomavirus infection in young 
women.. J Infect Dis 1996; 174:679-89. 

16.. Melkert PW, Hopman E, van den Brule A J, et al. Prevalence of HPV in cytomorphologically normal 
cervicall  smears, as determined by the polymerase chain reaction, is age-dependent. Int J Cancer 1993; 
53:919-23. . 

17.. Ho G, Bierman R, Beardsley L, Chang CJ, Burk RD. Natural history of cervicovaginal papillomavirus 
infectionn in young women. N Engl J Med 1998; 338:423-8. 

18.. Ylitalo N, Sorensen P, Josefsson AM, et al. Consistent high viral load of human papillomavirus 16 and 
riskk of cervical carcinoma in situ: a nested case control study. Lancet 2000; 355:2194-8. 

19.. Brandtzaeg P. Overview of the mucosal immune system. Curr Top Microbiol Immunol 1989; 146:13-
25. . 

20.. Brandtzaeg P, Baekkevold E.S, Farstad IN, et al. Regional specialization in the mucosal immune 
system:: what happens in the microcompartments? Immunol Today 1999; 20:141-51. 

21.. Mestecky J, Russell MW. Mucosal immunoglobulins and their contribution to defence mechanisms: an 
overview.. Biochem Soc Trans 1997; 25:457-62. 

22.. Brandtzaeg P. Molecular and cellular aspects of the secretory immunoglobulin system. APMIS 1995; 
103:1-19. . 

23.. Brandtzaeg P, Nilssen DE, Rognum TO, Thrane PS. Ontogeny of the mucosal immune system and IgA 
deficiency.. Gastroenterol Clin North Am 1991;20:397-439. 

24.. Briere F, Bridon JM, Chevet D, et al. Interleukin 10 induces B lymphocytes from IgA-deficient patients 
too secrete IgA. J Clin Invest 1994; 94:97-104. 

25.. Rousset F, Garcia E, Defrance T, et al. Interleukin 10 is a potent growth and differentiation factor for 
activatedd human B lymphocytes. Proc Natl Acad Sci USA 1992; 89:1890-3. 

18 8 



Generall  introduction 

26.. Defrance T, Vanbervliet B, Briere F, Durand I, Rousset F, Banchereau J. Interleukin 10 and 
transformingg growth factor beta cooperate to induce anti-CD40-activated naive human B cells to secrete 
immunoglobulinn A. J Exp Med 1992; 175:671-82. 

27.. van Vlasselaer P, Punnonen J, de Vries JE. Transforming growth factor-beta directs IgA switching in 
humann B cells. J Immunol 1992; 148:2062-7. 

28.. Holmgren J. Mucosal immunity and vaccination. FEMS Microbiol Immunol 1991; 89:1-10. 
29.. Kutteh WH, Blackwell RE, Gore H, Kutteh CC, Carr BR, Mestecky J. Secretory immune system of the 

femalee reproductive tract II. Local immune system in normal and infected fallopian tube. Fertil Steril 
1990;54:51-5. . 

30.. Hordnes K, Tynning T, Kvam AI, Jonsson R, Haneberg B. Colonization in the rectum and uterine 
cervixx with group B streptococci may induce specific antibody responses in cervical secretions of 
pregnantt women. Infect Immun 1996; 64:1643-52. 

31.. Brandtzaeg P. Mucosal immunity in the female genital tract. J Reprod Immunol 1997; 36:23-50. 
32.. Crowley-Nowick PA, Bell M, Edwards RP, et al. Normal uterine cervix: characterization of isolated 

lymphocytee phenotypes and immunoglobulin secretion. Gynecol Oncol 1995; 34:241-7. 
33.. van Ginkel FW, VanCott JL, Kiyono H, McGhee JR. Mucosal immunity to human papillomavirus in 

thee female reproductive tract. Papillomavirus Rep 1997; 8:1-10. 
34.. Edwards JNT, Morris HB. Langerhans' cells and lymphocyte subsets in the female genital tract. Br J 

Obstett Gynaecol 1985; 92:974-82. 
35.. Waldman RH, Cruz JM, Rowe DS. Immunoglobulin levels and antibody to Candida albicans in human 

cervicovaginall  secretions. Clin Exp Immunol 1971; 9:427-34. 
36.. Hocini H, Barra A, Belec L, et al. Systemic and secretory humoral immunity in the normal human 

vaginall  tract. Scand J Immunol 1995; 42:269-74. 
37.. Quesnel A, Cu-Uvin S, Murphy D, Ashley RL, Flanigan T, Neutra MR. Comparative analysis of 

methodss for collection and measurement of immunoglobulins in cervical and vaginal secretions of 
women.. J Immunol Methods 1997; 202:153-61. 

38.. Mestecky J, Fultz PN. Mucosal immune system of the human genital tract. J Infect Dis 1999; 179:S470-
4. . 

39.. Belec L, Gherardi R, Payan C, et al. Proinflammatory cytokine expression in cervicovaginal secretions 
off  normal and HIV-infected women. Cytokine 1995; 7:568-74. 

40.. Kutteh WH, Moldoveanu Z, Mestecky J. Mucosal immunity in the female reproductive tract: 
correlationn of immunoglobulins, cytokines, and reproductive hormones in human cervical mucus 
aroundd the time of ovulation. AIDS Res Hum Retroviruses 1998; 14 Suppl 1 :S51-S55 

41.. Tjiong MY, van der Vange N, ten Kate FJW, et al. Increased IL-6 and IL-8 levels in cervicovaginal 
secretionss of patients with cervical cancer. Gynecol Oncol 1999; 285-91. 

42.. Sha BE, D'Amico RD, Landay AL, et al. Evaluation of immunologic markers in cervicovaginal fluid of 
HIV-infectedd and uninfected women: implications for the immunologic response to HIV in the female 
genitall  tract. J Acquir Immune Defic Syndr 1997; 16:161-8. 

43.. Crowley-Nowick PA, Ellenberg JH, Vermund SH, Douglas SD, Holland CA, Moscicki AB. Cytokine 
profilee in genital tract secretions from female adolescents: impact of human immunodeficiency virus, 
humann papillomavirus, and other sexually transmitted pathogens. J Infect Dis 2000; 181:939-45. 

44.. Hildesheim A, McShane LM, Schiffman MH, et al. Cytokine and immunoglobulin concentrations in 
cervicall  secretions: reproducibility of the Weck-cel collection instrument and correlates of immune 
measures.. J Immunol Methods 1999; 225:131-43. 

45.. Giannini SL, Al-Saleh W, Piron H, et al. Cytokine expression in squamous intraepithelial lesions of the 
uterinee cervix: implications for the generation of local immunosuppression. Clin Exp Immunol 1998; 
113:183-9. . 

46.. De Gruijl TD, Bontkes HJ, van den Muysenberg AJC, et al. Differences in cytokine mRNA profiles 
betweenn premalignant and malignant lesions of the uterine cervix. Eur J Cancer 1999; 35:490-7. 

47.. Pao CC, Lin CY, Yao DS, Tseng CJ. Differential expression of cytokine genes in cervical cancer 
tissues.. Biochem Biophys Res Commun 1995; 214:1146-51. 

48.. Mota F, Rayment N, Chong S, Singer A, Chain B. The antigen-presenting environment in normal and 
humann papillomavirus (HPV)-related premalignant cervical epithelium. Clin Exp Immunol 1999; 
116:33-40. . 

19 9 



Chapterr 1 

49.. Kutteh WH, Mestecky J. Secretory immunity in the female reproductive tract. Gynecol Oncol 1994; 
31:40-6. . 

50.. Gissmann L, Muller M. Serological immune response to HPV. In: Stern PL, Stanley M., eds. Human 
papillomavirusess and cervical cancer. New York: Oxford University Press, 1997: 132-45. 

51.. Kirnbauer R, Booy F, Cheng N, Lowy DR, Schiller JT. Papillomavirus LI major capsid protein self-
assembless into virus-like particles that are highly immunogenic. Proc Natl Acad Sci USA 1992; 
89:12180-4. . 

52.. Kimbauer R, Taub J, Greenstone H, et al. Efficient self-assembly of human papillomavirus type 16 LI 
andd L1-L2 into virus-like particles. J Virol 1993; 67:6929-36. 

53.. Le Cann P, Touze A, Enogat N, et al. Detection of antibodies against human papillomavirus (HPV) type 
166 virions by enzyme-linked immunosorbent assay using recombinant HPV 16 LI capsids produced by 
recombinantt baculovirus. J Clin Microbiol 1995; 33:1380-2. 

54.. Le Cann P, Coursaget P, Iochmann S, Touze A. Self-assembly of human papillomavirus type 16 capsids 
byy expression of the LI protein in insect cells. FEMS Microbiol Lett 1994; 117:269-74. 

55.. Meschede W, Zumbach K, Braspenning J, et al. Antibodies against early proteins of human 
papillomavirusess as diagnostic markers for invasive cervical cancer. J Clin Microbiol 1998; 36:475-80. 

56.. Zumbach K, Kisseljov F, Sacharova 0, et al. Antibodies against oncoproteins E6 and E7 of human 
papillomaviruss types 16 and 18 in cervical carcinoma patients from Russia. Int J Cancer 2000; 85:313-
8. . 

57.. Wang Z, Hansson BG, Forslund O, et al. Cervical Mucus Antibodies against Human Papillomavirus 
Typee 16, 18, and 33 Capsids in Relation to Presence of Viral DNA. J Clin Microbiol 1996; 34:3056-62. 

58.. Dillner L, Bekassy Z, Jonsson N, Moreno-Lopez J, Blomberg J. Detection of IgA antibodies against 
humann papillomavirus in cervical secretions from patients with cervical intraepithelial neoplasia. Int J 
Cancerr 1989;43:36-40. 

59.. Dillner L, Frederiksson A, Persson E, Forslund O, Hansson BG, Dillner J. Antibodies against 
papillomaviruss antigens in cervical secretions from condyloma patients. J Clin Microbiol 1993; 31:192-
7. . 

60.. Dreyfus M, Baldauf J-J, Ritter J, Obert G. Seric and local antibodies against a synthetic peptide of 
HPVV 16. Eur J Obstet Gynaecol Reprod Biol 1995; 59:187-91. 

61.. Veress G, Kónya J, Csiky-Mészaros T, Czegledy J, Gergely L. Human Papillomavirus DNA and Anti-
HPVV Secretory IgA Antibodies in Cytologically Normal Cervical Specimens. J Med Virol 1994; 
43:201-7. . 

62.. Bontkes HJ, De Gruijl TD, Walboomers JMM, et al. Immune responses against human papillomavirus 
(HPV)) type 16 virus-like particles in a cohort study of women with cervical intraepithelial neoplasia.il. 
Systemicc but not local IgA responses correlate with clearance of HPV-16. J Gen Virol 1999; 80:409-17. 

63.. Hagensee ME, Koutsky LA, Lee SK, et al. Detection of cervical antibodies to human papillomavirus 
typee 16 (HPV-16) antigens in relation to detection of HPV-16 DNA and cervical lesions. J Infect Dis 
2000;; 181:1234-9. 

64.. Tjiong MY, ter Schegget J, Tjong-A-Hung SP, et al. IgG antibodies against human papillomavirus type 
166 E7 proteins in cervicovaginal washing fluid from patients with cervical neoplasia. Int J Gynecol 
Cancerr 2000; 10:296-304. 

65.. Tjiong MY, Zumbach K, ter Schegget J, van der Vange N, Out TA, Pawlita M, and Struyk L 
Antibodiess against human papillomavirus type 16 and 18 E6 and E7 proteins in cervicovaginal 
washingss and serum of patients with cervical neoplasia, submitted 

66.. Majewski S, Malejczyk J, Jablonska S. The role of cytokines and other factors in HPV infection and 
HPV-associatedd tumors. Papillomavirus Rep 1996; 7:143-54. 

67.. Tervahauta A, Syrjanen S, Yliskoski M, Gold LI, Syrjanen K. Expression of transforming growth 
factor-betaa I and -beta 2 in human papillomavirus (HPV)-associated lesions of the uterine cervix. 
Gynecoll  Oncol 1994; 54:349-56. 

68.. Comerci JTJ, Runowicz CD, Flanders KC, et al. Altered expression of transforming growth factor-beta 
11 in cervical neoplasia as an early biomarker in carcinogenesis of the uterine cervix. Cancer 1996; 
77:1107-14. . 

69.. Santin AD, Hermonat PL, Hiserodt JC, et al. Differential transforming growth factor-beta secretion in 
adenocarcinomaa and squamous cell carcinoma of the uterine cervix. Gynecol Oncol 1997; 64:477-80. 

20 0 

http://neoplasia.il


Generall  introduction 

70.. Spear GT, Sha BE, Saarloos MN, et al. Chemokines are present in the genital tract of HIV-seropositive 
andd HIV-seronegative women: correlation with other immune mediators. J Acquir Immune Defic Syndr 
1998;; 18:454-9. 

71.. Tjiong MY, van der Vange N, ter Schegget J, Burger MPM, ten Kate FJW, and Out TA. Cytokines in 
cervicovaginall  washing fluid from patients with cervical neoplasia, submitted 

72.. Van Snick J. Interleukin-6: an overview. Annu Rev Immunol 1990; 8:253-78. 
73.. Baggiolini M. Chemotactic and inflammatory cytokines: CXC and CC proteins. Adv Exp Med Biol 

1994;351:1-11. . 
74.. Arenberg DA, Kunkel SL, Polverini PJ, Glass M, Burdick MD, Strieter RM. Inhibition of interleukin-8 

reducess tumorigenesis of human non-small cell lung cancer in SCID mice. J Clin Invest 1996; 97:2792-
802. . 

75.. Trinchieri G. Interleukin-12: a proinflammatory cytokine with immunoregulatory functions that bridge 
innatee resistance and antigen-specific adaptive immunity. Annu Rev Immunol 1995; 13:251-76. 

76.. Moore KW, O'Garra A, de Waal MR, Vieira P, Mosmann TR. Interleukin-10. Annu Rev Immunol 
1993;; 11:165-90. 

77.. Lawrence DA. Transforming growth factor-beta: a general review. Eur Cytokine Netw 1996; 7:363-74. 
78.. Oppenheim JJ, Kovacs EJ, Matsushima K, Durum SK. There is more than one interleukin 1. Immunol 

Todayy 1986; 7:45-56. 
79.. Woodworth CD, McMulli n E, Iglesias M, Plowman GD. Interleukin 1 alpha and tumor necrosis factor 

alphaa stimulate autocrine amphirgulin expression and proliferation of human papillomavirus-
immortalizedd and carcinoma-derived cervical epithelial cells. Proc Natl Acad Sci USA 1995; 92:2840-
4. . 

80.. Strober W, Kelsall B, Fuss I, et al. Reciprocal IFN-gamma and TGF-beta responses regulate the 
occurrencee of mucosal inflammation. Immunol Today 1997; 18:61-4. 

81.. Schiller JH, Bittner G, Storer B, Willson JK. Synergistic antitumor effects of tumor necrosis factor and 
gamma-interferonn on human colon carcinoma cell lines. Cancer Res 1987; 47:2809-13. 

82.. Barker JN, Sarma V, Mitra RS, Dixit VM, Nickoloff BJ. Marked synergism between rumor necrosis 
factor-alphaa and interferon-gamma in regulation of keratinocyte-derived adhesion molecules and 
chemotacticc factors. J Clin Invest 1990; 85:605-8. 

83.. Delvenne P, Al-Saleh W, Gilles C, Thiry A, Boniver J. Inhibition of growth of normal and human 
papillomavirus-transformedd keratinocytes in monolayer and organotypic cultures by interferon-gamma 
andd tumor necrosis factor-alpha. Am J Pathol 1995; 146:589-98. 

84.. Vill a LL, Vieira KB, Pei XF, Schlegel R. Differential effect of tumor necrosis factor on proliferation of 
primaryy human keratinocytes and cell lines containing human papillomavirus types 16 and 18. Mol 
Carcinogg 1992;6:5-9. 

85.. Malejczyk J, Malejczyk M, Majewski S, et al. Increased tumorigenicity of human keratinocytes 
harboringg human papillomavirus type 16 is associated with resistance to endogenous tumor necrosis 
factor-alpha-mediatedd growth limitation. Int J Cancer 1994; 56:593-8. 

86.. Vieira KB, Goldstein DJ, Vill a LL. Tumor necrosis factor alpha interferes with the cell cycle of normal 
andd papillomavirus-immortalized human keratinocytes. Cancer Res 1996; 56:2452-7. 

87.. Woodworth CD, Notario V, DiPaolo JA. Transforming growth factors beta 1 and 2 transcriptionally 
regulatee human papillomavirus (HPV) type 16 early gene expression in HPV-immortalized human 
genitall  epithelial cells. J Virol 1990; 64:4767-75. 

88.. Braun L, Durst M, Mikumo R, Crowley A, Robinson M. Regulation of growth and gene expression in 
humann papillomavirus-transformed keratinocytes by transforming growth factor-beta: implications for 
thee control of papillomavirus infection. Mol Carcinog 1992; 6:100-11. 

89.. Tartour E, Gey A, Sastre-Garau X, et al. Prognostic value of intratumorat interferon gamma messenger 
RNAA expression in invasive cervical carcinomas. J Natl Cancer Inst 1998; 90:287-94. 

90.. Bornstein J, Lahat N, Kinarty A, Revel M, Abramovici H, Shapiro S. Interferon-beta and -gamma, but 
nott tumor necrosis factor-alpha, demonstrate immunoregulatory effects on carcinoma cell lines infected 
withh human papillomavirus. Cancer 1997; 79:924-34. 

91.. Coleman N, Stanley MA. Analysis of HLA-DR expression on keratinocytes in cervical neoplasia. Int J 
Cancerr 1994;56:314-9. 

21 1 



Chapterr 1 

92.. Bomstein J, Ben-David Y, Atad J, Pascal B, Revel M, Abramovici H. Treatment of cervical 
intraepitheliall  neoplasia and invasive squamous cell carcinoma by interferon. Obstet Gynecol Surv 
1993;48:251-60. . 

93.. Gross G. Therapy of human papillomavirus infection and associated epithelial tumors. Intervirology 
1997;40:368-77. . 

94.. Kim KY, Blatt L, Taylor MW. The effects of interferon on the expression of human papillomavirus 
oncogenes.. J Gen Virol 2000; 81:695-700. 

95.. Mota F, Calder V, Rutault K, Singer A, Chain B. Characterization of soluble factors from cultures of 
premalignantt cervical epithelium. Eur J Gynaecol Oncol 1999; 20:262-7. 

22 2 



Chapterr 2 

EPIDEMIOLOGICA LL  AND MUCOSAL IMMUNOLOGICA L ASPECTS OF HPV 
INFECTIO NN AND HPV RELATE D CERVICA L NEOPLASIA IN THE LOWER 

FEMAL EE GENITA L TRACT, A REVIEW 

M.Y.Tjiongg ''2'3, T.A.Out3'4, J. ter Schegget2, M.P.M. Burger', N. van der Vange5 

'Departmentss of Obstetrics and Gynecology, 2Virology, 3Clinical and Laboratory 
Immunologyy Unit, Academic Medical Center, CLB, Sanquin Blood Supply Foundation, 

'Departmentt of Gynecology, The Netherlands Cancer Institute, Amsterdam, The Netherlands 

IntInt J Gynecol Cancer 2001; 11:9-17 



Chapterr 2 

Abstract t 
Humann papillomavirus (HPV) infections are known to play an important role in the 

pathogenesiss of cervical neoplasia. Considering the morbidity and mortality of cervical 
cancer,, infection with HPV can be regarded a worldwide problem, especially in developing 
countries.. Currently, many studies focus on the development of both prophylactic and 
therapeuticc HPV vaccines. Crucial for these vaccination protocols to be successful is that they 
wil ll  result in a long-lasting ability to generate an immune response that will eliminate the 
virus.. HPV transmission and subsequent infection is a local event in the lower female genital 
tractt and therefore the efficacy of vaccines against this locally transmitted infection can be 
bestt assessed by parameters of local immunity. In this review we describe both the 
epidemiologyy of HPV related cervical neoplasia and the general aspects of mucosal immunity 
inn the female genital tract while focusing on the local humoral immunity in HPV related 
cervicall  neoplasia. 

Introductio n n 
Humann papillomavirus (HPV) plays an important role in the pathogenesis of cervical 

neoplasia.. HPV is an exogenous infectious agent, which may be recognized by the immune 
system.. This makes cervical neoplasia to an immunogenic disease. HPV transmission and 
subsequentt infection is a local event in the lower female genital tract. Therefore local 
immunityy seems to be of crucial importance in the outcome of an HPV infection. The local 
immunee status might determine whether the virus infection will be cleared or will be 
persistentt finally resulting in the development of cervical neoplasia. The local immune system 
inn the lower female genital tract is part of the mucosal immune system. Like in systemic 
immunityy the mucosal immune system can be divided in a cellular and a humoral pathway. 
Thiss review will deal with aspects of mucosal immunity in relation to HPV infection and 
HPVV related cervical neoplasia. We will mainly focus on parameters of local humoral 
immunityy (antibodies against HPV) as so far littl e is known about local cellular parameters. 
Knowledgee about aspects of local immunity in relation to HPV will also be of increasing 
importancee in the light of the current progress in the development of vaccines against HPV. 

Epidemiologyy and etiology of cervical neoplasia 
Worldwide,, cervical carcinoma is the second leading cause of death from cancer in 

womenn after breast cancer '. The mean age for cervical cancer is 52 years and the distribution 
off  cases is biphasic with peaks at 35-39 and 60-64 years 2. The majority of all cervical 
carcinomass are squamous cell carcinoma (85-90%). The second histological type (10-15%) is 
adenocarcinoma,, which arises from the columnar epithelium, lining the endocervical canal 
andd the endocervical glands . The precursor of squamous cervical carcinoma is known as 
cervicall  intraepithelial neoplasia (CIN). CIN lesions are generally diagnosed in younger 
womenn reflecting that it requires a long time (median 15 years) before invasion occurs 4. 

Riskk factors for the development of squamous cell carcinoma and cervical 
intraepitheliall  neoplasia are an early age at first sexual intercourse 5"9 and sexual promiscuity 
5"'°.. Other factors involved are cigarette smoking 7; 1M3, use of oral contraceptives , 
increasedd parity 5*15 and sexually transmitted disease in the past 5; 9; 16. For adenocarcinomas 
off  the cervix an association with the use of oral contraceptives 1? and a history of maternal use 
off  diethylstilbestrol (DES), has been found l8. However, it is generally accepted that persistent 
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humann papillomavirus (HPV) infection is the most important factor in the development of 
cervicall  neoplasia l9'20. 

Humann papillomaviruses 
Humann papillomaviruses (HPVs) are small circular double-stranded DNA viruses 

belongingg to the family of papovaviridae. So far, more than 70 different HPV genotypes have 
beenn identified21. 

HPVss are strictly epitheliotropic and each type preferentially infects a certain 
anatomicall  site. In general HPVs can be divided in cutaneous and mucosal types. The 
mucosall  types are predominantly found in the anogenital tract and also in the aerodigestive 
tract.. HPVs infecting the genital tract can lead to benign (genital warts) or (pre)malignant 
lesionss (cervical neoplasia, vulval and vaginal intraepithelial neoplasia (VIN, VAIN) . 
Mucosall  HPV types are classified into "low risk" and "high risk" types based on the ratio of 
thee prevalence of these types in CIN and cervical cancer lesions 22. The types that have rarely 
orr not been detected in invasive cervical cancer are defined as the "low risk" types, such as 
HPVV 6 and 11. The "high risk" types, such as HPV 16, 18, 45, and 56, are strongly associated 
withh invasive cancer with odds ratios (OR) ranging from 260 (217-312 (95 % confidence 
intervall  (CI))) for HPV 16 to 296 (199-441) for HPV 18, 45, 56. Other HPV types generally 
consideredd as oncogenic are the types HPV 31, 33, 35, 39, 51, 52, 54, 58, 66, 69, and 70 2 . 
Thee HPV genome can be divided into a coding and a non-coding region (Figure 1). 

Figuree 1. Schematic representation of the HPV 16 genome. The non-coding region is the long control region 
(LCR).. The open reading frames (ORFs) encode the early (E), and late (L) viral proteins. 

Thee non coding region, which comprises about 15 % of the viral genome, is the long control 
regionn (LCR). The LCR contains the origin of viral DNA replication and the 
enhancer/promoterr elements regulating the viral transcription. The coding region consists of 
openn reading frames (ORFs) and encodes the 'early' (E) and "late" (L) viral proteins. The 
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earlyy proteins are involved in regulation of viral transcription and DNA replication. The late 
geness encode structural proteins, i.e. the viral capsid proteins (LI and L2) . These capsid 
proteinss self-assemble into the viral capsid, which interacts with a receptor of the target cell 
facilitatingg entry of the viral DNA  25. The functions of the early proteins are as follows. El 
andd E2 both play a role in the viral DNA replication 26; 27, while E2 is also important in the 
virall  transcription regulation 28"31. E4 may facilitate viral particle release by collapsing the 
cytokeratinn skeleton 32. E5 is expressed in productive infections, but its contribution to 
naturallyy occurring infections is poorly understood 33. The oncogenic proteins, E6 and E7 of 
high-riskk HPV types interfere with the cell cycle control  33,34 by reducing the availability of 
thee host's oncosuppressor protein p53 and retinoblastoma (Rb) protein. E6 protein binds p53 
andd E7 protein binds and inactivates the Rb protein 36; 37. This finally results in uncontrolled 
celll  proliferation 38. Low risk types remain extrachromosomal, i.e. episomal , whereas the 
genomess of high risk HPV types 16 and 18 are found integrated into the cellular host DNA in 
mostt human cervical carcinomas and in all carcinoma derived cell lines . HPV DNA 
integrationn appears to be a critical event in the development of cervical neoplasia, since HPV 
E66 and E7 are conserved intact and show persistent and increased expression in carcinomas 
49 9 

Epidemiologyy of immunology and HPV related cervical neoplasia 
Ass HPV is an exogenous infectious agent, the immune system may play a pivotal role 

inn the outcome of an HPV infection. The immune response raised against HPV may 
determinee whether the virus will be cleared or whether the virus infection will become 
persistentt finally resulting in cervical neoplasia. Clinical data to support this hypothesis are 
obtainedd from studies in normal and immunosuppressed women. 

Thee following data indicate that most HPV infections are transient in normal women. 
Thee prevalence of HPV is age related. In women aged 20-25 years the reported prevalence of 
HPVV is 20-46 %, in women older than 30 years this decreases to 6 % ° 5l. Several cohort 
studiess showed a median duration of a new HPV infection of 8 months 5 . In the majority of 
womenn the virus could not be detected anymore at later time points in the study 5 . In other 
studiess 54 the persistence of HPV infections (> 6 months) was dependent on older age, 
infectionn with multiple HPV types and previous infection with a high-risk type " . I t has been 
estimatedd that CIN I, CIN II, and CIN III progress to invasive lesions in approximately 1%, 
5%% and more than 12% of cases, respectively, based on retrospective studies (reviewed in 38). 
Thee only prospective study, comprising a 5- to 28-year follow-up of patients with high grade 
CINN who were managed expectantly, demonstrated that 22% (29 out of 131) of these women 
comparedd to 1.5% of a control group (n=817) developed invasive cancer of the cervix or 
vaginall  vault56. Regression of cervical intraepithelial neoplasia (CIN) may occur. The chance 
off  regression is age dependent, at lower age more regression is observed ~ . With increasing 
severityy of the lesion the probability of regression decreases from 60% (CIN I) to 33% (CIN 
III )) (reviewed in 38). It can be concluded from the above mentioned data that in most women 
HPVV is successfully attacked by the immune system after transmission. This is even possible 
whenn CIN has already developed. 

Inn immunocompromized individuals like human immunodeficiency virus (HIV)-
infectedd women and organ transplant recipients, the presence of HPV infections and 
anogenitall  neoplasia is higher than in the general population 58 59. In a study of Sun et al60; 61 

persistentt HPV infections were found in 24 % of the HIV-seropositive women but in only 4 % 
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off  the control women . Approximately 50% of symptomatic HIV-infected women appeared 
too have abnormal cervical cytology suspect for squamous intraepithelial lesions 6 ' . The 
degreee of immune deficiency is an important factor as it matches the severity of HPV induced 
cervicall  lesions M. In a study by Maiman et al the prevalence of CIN was 32 % in HIV-
infectedd women. The presence of an oncogenic HPV type appeared to be the only independent 
riskrisk factor 65. 

Organn allograft recipients, especially renal and cardiac transplant recipients, who form 
thee largest part of this group, receive life-long immunosuppressive treatment. In renal 
transplantt recipients the rate of anogenital HPV infections and HPV related CIN lesions is 9 

SO''  ftfi'  ftl 

timess and up to 17 times higher, respectively, than in the general population ' ' . In 
conclusion,, immunosuppression is associated with a higher prevalence and a higher 
persistencee of HPV infections and cervical neoplasia. 

Mucosall  immunity 
Inn this review we will further focus on aspects of mucosal immunity. The mucosal 

immunee system is of significant importance as genital HPV infections are local mucosal 
infectionss and transmission of genital HPVs occurs at the site of the lower female genital 
tract. . 

Thee mucosal immune system is involved in the local defense against pathogens at 
mucosall  sites 68. The mucosal immune system spans a large surface area (over 400 m2) and 
consistss of sites where antigens are encountered and processed via mucosa associated 
lymphoidd tissue (MALT) . MALT is present in the gastrointestinal and the respiratory tract. 
Theree are indications, which will be discussed later, that MALT is also present in the lower 
femalee genital tract. 

Inn the afferent phase antigen is encountered at the mucosal surface by antigen 
presentingg cells (APCs) and subsequently delivered to the underlying submucosal lymphoid 
tissue.. This antigen uptake and presentation results in lymphocyte priming, which is followed 
byy migration ("homing") of T- and B-cells to mucosal effector sites via the regional draining 
lymphh nodes and the peripheral blood 69. Subsequently, precursor cells of cellular and 
humorall  immunity, located in T- and B-cell zones, are stimulated, finally resulting in 
productionn of T helper (Th) cells, cytotoxic T cells (CTLs) and immunoglobulins at mucosal 
effectorr sites such as the lamina propria and the mucosal epithelium (reviewed in 70). So far 
researchh on MALT parameters has mainly focused on immunoglobulins because of the 
difficultiess in the isolation and characterization of lymphoid cells 71. Secretory IgA (SIgA) is 
thee best defined component of the immunoglobulins at mucosal surfaces 72. In addition IgG 
andd SIgM also contribute to mucosal surface protection 73. 

Mostt information is obtained from studies of the gastro-intestinal tract and the 
respiratoryy tract, while the role of mucosal immunity in the female genital tract in preventing 
orr eradicating infections has been studied less extensively. Biopsies taken from the vaginal 
andd the ectocervical mucosa of the female lower genital tract revealed the presence of 
Langerhanss dendritic cells and macrophages, which are important in the afferent phase of the 
immunee response 74. In the submucosa of especially the transformation zone of the cervix 
lymphocytee subsets and plasma cells have been identified with a tendency to form 
lymphocytee aggregates, suggesting the presence of MALT " . Immunoglobulin producing 
plasmaa cells are also found in the oviduct, the uterus and the endocervix 79. Intra-epithelial 
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lymphocytess are present in the vaginal and cervical epithelium, with the highest density in the 
transformationn zone 8C. These intra-epithelial lymphocytes may function as effector cells. 

Immunoglobulinss have been demonstrated in cervicovaginal secretions. Waldman et al 
foundd that SIgA was the predominant Ig class in normal cervicovaginal secretions 8I, which is 
similarr to the findings in the gastrointestinal and respiratory tract. In contrast to this, recent 
studiess indicate a general predominance of IgG in cervical secretions 76; 82"84(reviewed in 77). 
Differentt sampling techniques for obtaining cervicovaginal secretions are probably 
responsiblee for the reported discrepancies. 

Thus,, apart from regional differences throughout the genital tract, all components to 
exertt an inductor and effector phase seem to be locally present in the female genital tract85. 

HPVV related aspects of mucosal immunity 
Genitall  HPV types predominantly infect the mucosal surfaces of the anogenital tract. 

Nevertheless,, at present the role of mucosal immunity in the female genital tract in HPV 
relatedd cervical neoplasia has not been studied extensively. Here, we will discuss the role of 
thee humoral immune system in women with HPV related lesions. 
HumoralHumoral Immunity 

Inn general naive B cells require two distinct types of signals or stimuli for their 
proliferationn and differentiation. One type of signal is provided by the antigen interacting with 
membranee Ig molecules on specific B cells. The second type of signal is provided by helper T 
lymphocytess and their secreted products. Upon contact with antigen, specific B cells bind, 
internalizee and process the antigen and present peptide fragments of the antigen via MHC 
classs II molecules to specific helper T cells. These specific helper T cells are then stimulated 
too promote B cell growth and differentiation eventually resulting in the generation of antibody 
secretingg plasma cells and memory B cells. In secondary immune responses the antigen-
specificc memory B cells may be fully capable as APCs. Naive B cells are, however, 
inefficientt at stimulating resting T cells and, mainly because they are deficient in 
costimulatoryy molecules, may even induce T cell tolerance. It is therefore believed that in a 
primaryy immune repsponse other APCs, such as dendritic cells (DCs), first process and 
presentt antigen to resting Th cells resulting in activated Th cells that can interact with naive B 
cells,, presenting the same antigen, to mount an effective immune response as described above 
86.. Littl e is known of the afferent phase of mucosal immunity in relation to HPV, but a 
disturbancee in the afferent phase of the immune response is suspected. For example, analysis 
off  inflammatory infiltrates in cervical dysplasia has revealed reduced numbers of Langerhans* 
cells,, cells that belong to the DC lineage, in CIN II and III lesions 8?"90. Since DCs are 
generallyy accepted as being the most efficient APC of the immune system 91 and, as described 
above,, their lack could theoretically result in an inefficient primary immune response. 

Att present, more information is available on systemic and mucosal humoral immunity 
inn HPV related disease compared to cellular immunity. This is mainly due to the technical 
developmentt of the in vitro production of HPV proteins and synthetic oligopeptides by 
recombinantt DNA techniques. As HPV cannot be propagated in vitro it was very important 
thatt Zur Hausen and Gissmann were able to clone and characterize HPV DNA by 
recombinantt DNA technology 92~94. The genetically engineered HPV proteins have been 
provenproven to resemble authentic proteins in function and immunogenicity, " . This has led to 
thee development of various assays to detect antibodies against early and late HPV proteins 
(reviewedd in 10°) (table I). At the beginning the laboratory tests commonly used in HPV 
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serologyy had been Western blotting and enzyme linked immunosorbent assay (ELISA). The 
latterr is nowadays preferred, as Western blotting utilizing denatured proteins is a semi-
quantitative,, laborious procedure, not suitable for testing many samples. In contrast many 
sampless can be tested in a quantitative manner by the ELISA technique. In these tests fusion 
proteins,, synthetic oligopeptides, whole proteins, virus particles and virus-like particles 
(VLPs)) have been used as antigens. The introduction of assays using VLPs (containing LI or 
L1/L2)) contributed to further developments in this area ' M04. Another method for HPV 
serologyy is the radioimmunoprecipitation assay (RIPA) utilizing in vitro synthesized viral 
proteins.. The comparison of the ELISA technique using synthetic oligopeptides and the RIPA 
usingg whole proteins demonstrated an advantage in sensitivity and specificity with respect to 
detectingg disease 105-108 8 Thee newly introduced sandwich ELISA using tagged proteins (HPV 
16,, 18 E6 and E7) seems to combine both high sensitivity and high specificity similar to the 
RIPAA  ,09; '10. At present the RIPA and the ELISA using tagged HPV proteins and VLPs seem 
too be the most suitable techniques to investigate the local and systemic humoral immune 
responsee against HPV. 

Tablee 1 Detection methods for HPV-specific antibodies 

antigen n source e advantage e disadvantage e 

Westernn blot fusion protein E.coli 

ELISA A oligopeptidee chemical feasibility 
synthesis s 

proteinn E.coli, yeast conformational 
epitopes s 

viruss paticles infected authentic antigen 
humann tissue 

VLPss baculovirus feasibility 
yeast t 

tagged-proteinn yeast conformational 
epitopes s 

tedious s 

linearr epitopes 

purification n 

difficultt to 
produce e 
purification n 

purification n 

RIPA A protein n IVT T conformational l 
epitopes s 

tedious s 

ELISA:: enzyme-linked immunosorbant assay, VLP: virus-like particle, RIPA: radioimmunoprecipitation assay, 
IVT:: in vitro translation 

Soo far very few studies have been reported on the local antibody response to HPV. 
Locall  antibodies that could be demonstrated are predominantly of the IgA and IgG class and 
directedd against HPV. IgA antibodies against HPV capsids from HPV 6, 11, 16, 18, 31, 33 
andd 35 could be demonstrated in cervical mucus from patients with cervical neoplasia and 
controlss ' " . I n other studies, local antibodies have been detected against E2, E7, LI and L2 of 
HPVV 16 in cervical secretions and in cervicovaginal washings of patients with cervical 
neoplasia,, patients with condylomata and women with normal cervical cytology 112-115 5 

IgA A 
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againstt HPV 16 E2 was found in 49 % of the cervical secretions from patients with CIN 'l4. 
Inn another study in patients with condylomata, IgA against HPV 16 E2, E7, LI and L2, was 
foundd in 10 to 62 % of the cervical secretions " , which is at least remarkable since 
condylomataa are generally not associated with HPV 16. In healthy women without cervical 
pathologyy IgA against E2, E7, LI , L2 from HPV 16 was observed in 15 to 32 % of the 
secretionss " "1U. Local IgG against HPV 16 E2 was reported in 46% of patients with CIN and 
inn 15 % of healthy controls . Recently, a study by Bontkes et al. 116 showed also IgA and 
IgGG HPV 16 VLP specific antibodies in cervical mucus samples. All the above mentioned 
studiess suggested the local presence of IgA and IgG antibodies against HPV. However, in 
nonee of these studies a comparison has been made between cervical secretion and serum. 
Thereforee it is not clear whether the antibodies against HPV were locally produced or a result 
off  leakage from the blood. Results are also difficult to interpret as no attention has been paid 
too the total IgA or IgG levels in the samples. Concerning IgA it has to be taken into account 
thatt IgA is mainly serum derived whereas SIgA is locally produced. The latter has not been 
determinedd in all studies. A recently published study using a newly introduced technique, a 
luminescencee immunoassay (LIA) , showed IgA, IgG and SIgA antibodies to HPV 16 capsids 
inn cervical samples in respectively 11%, 24% and 9% of the subjects "7. On the whole the 
informationn about local HPV antibodies is scarce and the interpretation of the results has to be 
established.. Recent technical progress in the development of assays on HPV specific mucosal 
cellularr and humoral immunity like the sandwich protein ELISA and the RIPA seems 
promisingg as these techniques have substantially increased the sensitivity of tests and are 
easierr to apply I09> ,18' "9. Using both RIPA and sandwich protein ELISA we analyzed paired 
sampless of cervicovaginal washing fluid and serum from patients with cervical cancer, CIN, 
andd healthy individuals and observed local production of HPV 16 E7 specific IgG antibodies 
inn a number of patients with HPV 16 DNA positive (pre)malignant cervical lesions "8' "9. 
Additionally,, using the latter technique we also detected local antibodies against HPV 16 E6 
andd HPV 18 E6 and E7 u9. These developments make the field of local specific 
immunoglobulinss against HPV very interesting for future studies. The importance of local 
immunityy is even more stressed since many studies currently focus on the development of 
HPVV vaccines both prophylactic and therapeutic. It is reasonable to assume that the efficacy 
off  vaccines against this locally transmitted infection can be best assessed by parameters of 
locall  immunity. It will be tempting to find out whether local HPV specific IgG and/or (S)IgA 
aree the main protective antibodies in the female genital tract against HPV infections. 
Therefore,, it will be important to continue the study of the mucosal cellular and humoral 
immunee responses against HPV in the female (and perhaps also in the male) genital tract. 
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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). 

42 2 



Locall  IgG antibodies against HPV 16 E7 

 serum 

 CW 
b b 

median n 

oo . a cut-off serum 
*!*.. - a b cut-off CW 

118?? *g|*- "nnr 

childrenn controls 

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). 
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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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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. . 

Introductio n 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. . 

Material ss 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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Abstract t 
Objective.Objective. Conflicting data exist on IL-6 production by human papillomavirus (HPV) 
immortalizedd cell lines and several cervical carcinoma cell lines. However, no information 
hass been reported on the levels of cytokines in cervicovaginal washings in relation to cervical 
neoplasia.. The aim of this study was to investigate whether local production of IL-6 and IL-8 
couldd be found and whether the levels of these cytokines were related to the severity of 
cervicall  neoplasia and to the presence of HPV-DNA. 
Methods.Methods. Cervicovaginal washings and sera were obtained from 35 patients with invasive 
cervicall  cancer, 62 patients with cervical intraepithelial neoplasia (CIN) and 25 control 
subjects.. IL-6 and IL-8 levels were determined by ELISA. HPV-DNA in cervical smears was 
detectedd by a HPV 16-specific PCR method and additionally by the CPI/IIG PCR. 
Results.lnResults.ln the patients with cervical cancer, those with CIN and the controls, the median IL-6 
concentrationn in cervicovaginal washings was 171 (interquartile range: 54-780) pg/ml, 22 
(<2-73)) pg/ml and <2 (<2-<2) pg/ml, respectively. For IL-8, the levels were 2756 (1651-
7107)) pg/ml, 489 (248-1158) pg/ml and 631 (346-897) pg/ml, respectively. In most subjects 
thee local levels were much higher than in serum. Local IL-6 and IL-8 levels were significantly 
higherr in patients with cervical carcinoma compared with CIN patients and controls. 
Likewise,, local IL-6 levels were increased in patients with CIN compared with controls. No 
relationn was found between cytokine levels and CIN grade or HPV-DNA. 
Conclusions.Conclusions. There is local production of IL-6 and IL-8 in cervicovaginal secretions, and the 
productionn of IL-6 was related to the severity of cervical neoplasia. 

Introductio n n 
Itt is well established that human papillomavirus (HPV) infections, in particular the 

oncogenicc types (e.g. HPV type 16 and 18) , play an important role in the pathogenesis of 
cervicall  cancer '. However, in the majority of these infections the virus is cleared from the 
cervicall  mucosa 2. The host immune response to HPV infection is thought to be a crucial 
factorr in the clearance of the virus. Immunocompromised individuals like HIV infected 
women,, are prone to get HPV-related cervical lesions3. Also, in renal transplant recipients 
whoo receive immunosuppressive therapy, cervical intraepithelial neoplasia (CIN) lesions 
occurr more often than in healthy individuals 4. Such disturbances of the immune system may 
nott only allow persistent infections, but may also give way for the developmet and outgrowth 
off  neoplastic cells 5. 

Mostt components for an inductor and effector phase of an immune response seem to 
bee present in the normal cervical and vaginal mucosa ' 7, analogous to the mucosal immune 
systemm of the gastro-intestinal and respiratory tract 8. As HPV causes a local infection, local 
immunologicall  factors may influence the outcome of the infection. Cervical keratinocytes are 
ableable to influence inflammation and immunity in the cervical mucosa upon HPV infection via 
thee secretion of cytokines, as shown in vivo and in vitro ' Among them, the pro-
inflammatoryy interleukin-6 (IL-6) might play a role in the local immune defense against HPV-
inducedd lesions of the uterine cervix. 

IL-66 is a multifunctional protein: it regulates immune responses and acute-phase 
reactionss and mediates the host response against tissue injury . In this way, IL-6 may 
contributee to the production of antibodies that protect the cervical mucosa against infections 
suchh as by HPV. Furthermore, IL-6 may stimulate NK cell mediated killing of cancer cells l4. 
Inn contrast to its immunoprotective role, IL-6 is also known as an autocrine stimulator of 
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cervicall  neoplastic cell growth ' . ' 16 Conflicting in vitro data exist concerning either 
elevatedd or decreased IL-6 production by HPV immortalized cell lines and several cervical 
carcinomaa cell lines .' ' ' Furthermore, Pao et al. found no difference in IL-6 mRNA 
expressionn between normal cervical tissue and cervical carcinoma tissue '', while Tartour et 
al.. found increased IL-6 mRNA expression 12. 

IL-66 and IL-8 can be detected in vaginal washings and cervical secretions of healthy 
subjectss l8"20. However, no information exists on the protein levels of these cytokines in 
relationn to cervical neoplasia (CIN and cervical cancer). Therefore, we decided to investigate 
thee local concentrations of IL-6 in cervicovaginal washings of patients with cervical 
neoplasia.. In addition, we measured the levels of an inflammatory cytokine, interleukin-8 (IL-
8),, possibly originating from local epithelial cells. IL-8 is a member of the C-X-C chemokine 
familyy and has a pro-inflammatory function in the chemotaxis and activation of neutrophils, 
eosinophilss and lymphocytes 21. Moreover, it is a potent angiogenic factor 22. To determine 
whetherr the measured IL-6 and IL-8 concentrations were due to local production, we 
comparedd the concentrations of these cytokines in paired sera and cervicovaginal washings. 

Materiall  and Methods 
StudyStudy population 

Thee group of patients with cervical cancer consisted of 35 consecutive women 
undergoingg radical surgery for histologically confirmed carcinoma of the uterine cervix 
(FIGOO stage lb, Ha). At time of diagnosis the median age of the patients was 38 years 
(interquartilee range, 35-46; range, 26-67). Carcinomas were squamous cell carcinomas 
(n=25),, adenocarcinomas (n=8) or adenosquamous carcinomas (n=2). The group with cervical 
intraepitheliall  neoplasia (CIN) consisted of 62 patients who were referred to the outpatient 
departmentt of gynecology of the Academic Medical Center, Amsterdam, The Netherlands. 
Theyy had an abnormal cervical smear (mild dyskaryosis or a more severe lesion) and were 
diagnosedd with histologically confirmed CIN. The median age of the patients was 33 years 
(interquartilee range, 28-41; range, 18-58). The control group consisted of 25 healthy 
individualss recruited via an advertisement (median age 36 years; interquartile range, 25-41; 
range,, 23-57). Seventeen subjects had normal cervical cytology and HPV-DNA test negative 
smears.. Eight subjects had an HPV-DNA test positive smear. All patients and controls were 
includedd after informed consent. This study was approved by the medical ethical board of the 
Academicc 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 classified according to WHO criteria23.24 

SampleSample collection 
Forr cervicovaginal sample collection all individuals lay 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 25. The fluid was collected and was centrifuged for 10 minutes at 3000 rpm, at 4° C, 
andd the supernatant was stored in aliquots at -80° C until assayed. 
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Tenn ml of peripheral blood from each individual were allowed to clot and 
subsequentlyy centrifuged at 3000 rpm at 25 °C for 10 min, and the sera were stored in aliquots 
att -80 °C until assayed. 

Inn patients with cervical cancer, the collection of cervicovaginal washings and serum 
wass done before radical surgery. In CIN patients, samples were collected at the first visit, 
aboutt 4 weeks before taking colposcopically directed biopsies. In some members of the 
controll  group sampling was done 2-3 times (follicular, (peri)ovulatory and luteal phase) in 
onee menstrual cycle. 

HPVDNAHPVDNA analysis 
Forr DNA purification, 100 ul of Virapap transportation medium containing scraped 

cervicall  cells were used. DNA was extracted with phenol-chloroform-isoamyl ethanol and 
precipitatedd with ethanol. The precipitated DNA was dissolved in 100 ul of 10 mM Tris HCI , 
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, since HPV 16 is one of the most common found oncogenic genital HPV 
types.. The 5' primer sequence was: 5' TCAAGAACACGTAGAGAAACCCAG 3' and the 3' 
primer:: 5' AAACCATCCATTACATCCCGTACC 3'. This PCR amplifies a 391 basepair 
(bp)) fragment of the E6 and E7 (ORF) of HPV 16. The PCR was performed in a 50 ul PCR 
mixturee consisting of 10 mM Tris.HCl (pH 8.8), 50 mM KC1, 2.0 mM MgCl2, 0.1 mg of 
bovinee serum albumin per ml, 0.2 mM of each deoxynucleoside triphosphate, 75 ng of each 
primer,, and 0.75 U of Taq polymerase (Amplitaq) with 5 ul of the DNA sample. Forty step 
cycless (1 min 94°C, 1 min at 55°C and 2 min at 72° C) were performed, and then 10 ul of the 
amplificationn product was analyzed on a 2% ethidium bromide-stained agarose gel. The 
specificityy for HPV-16 was confirmed by sequencing of the amplimers 6. 

Thee HPV 16 PCR test negative samples were analyzed with the degenerated 
consensuss primer pair CPI and CPIIG (CPI/IIG) which amplifies a 188 bp fragment in the El 
openn reading frame (ORF) of a broad spectrum of genital HPV types as previously described 
22 .28 Direct sequence analysis of the appropriate extracted agarose gel bands was done for 
HPVV typing according to Smits et al. . 

CytokineCytokine immunoassays 
Interleukin-66 (IL-6) and interleukin-8 (IL-8) levels were measured in serum and in the 

supernatantt of cervicovaginal washings. IL-6 was measured using a two-site enzyme linked 
immunosorbentt assay (ELISA) as previously described . The lower limit of detection was 
1.99 pg/ml. IL-8 was measured using a commercially available immunoassay kit (PeliKine, 
CLB,, Amsterdam, The Netherlands), according to the manufacturer's instructions. The lower 
limi tt of detection was 3.9 pg/ml. To determine the recovery of the measured cytokines, a 
knownn amount of IL-6 and IL-8 was added to a sample with a level below the detection limit. 
Thee recovery of IL-6 and IL-8 in cervicovaginal washings was 89-100% (n=3) and 84-100% 
(n=2),, respectively. All samples were measured in duplicate and using at least two different 
dilutions.. The responses of positive cervicovaginal washings upon dilution were parallel to 
thee calibration line. 

InflammatoryInflammatory infiltrate analysis 
Representativee hematoxylin-eosin stained slides from colposcopically directed 
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biopsiess from suspect lesions on the cervix and sections from the cervical tumors in the 
surgicall  resection specimens were examined by one pathologist (FtK). The inflammatory 
infiltratee was semiquantitavely scored as mild, moderate and dense. Additionally, the 
distributionn of plasma cells, lymphocytes, neutrophilic and eosinophilic granulocytes in the 
infiltratee was scored. The histological score of the inflammatory infiltrate was performed 
withoutt knowledge of IL-6 and IL-8 levels in the patients. 

StatisticalStatistical analysis 
Too test for a significant difference between groups, we used the Kruskal-Wallis 

nonparametricc one-way analysis of variance (ANOVA). When this test indicated a significant 
differencee among groups, inter-group comparisons were performed using the Mann-Whitney 
UU test. Wilcoxon matched pair signed rank test was used for comparison between levels in 
serumm and cervicovaginal washings. Spearman correlation coefficients were calculated to 
analyzee the correlation between IL-6 and IL-8 concentrations. Intraclass correlation 
coefficientss were calculated following the random effects model described by Deyo et al. 30, 
andd coefficients above 0.75 were regarded as representing good reproducibility 3I. P-values < 
0.055 were considered to be statistically significant. 

Results s 
Thee distribution of IL-6 and IL-8 concentrations in the cervicovaginal washings of the 

threee different groups is depicted in Figures 1 and 2, respectively. In the patients with 
cervicall  cancer (n=35), those with CIN (n=62) and the controls (n=17), the median IL-6 
concentrationn was 171 (interquartile range: 54-780) pg/ml, 22 (<2-73) pg/ml and <2 (<2-<2) 
pg/ml,, respectively. Local IL-6 levels differed among the groups (p< 0.0001, ANOVA). 
Thosee in patients with cervical cancer were significantly higher than in patients with CIN or 
controlss (pO.0001 and pO.0001, respectively; Mann-Whitney U-test). Local IL-6 
concentrationss in patients with CIN were also significantly higher than in controls (p < 0.05; 
Mann-Whitneyy U test) (Figure 1). 

Figuree 1 Distribution of IL-6 (pg/ml) concentrations in 
cervicovaginall  washings in patients with cervical cancer (n=35), in 
patientss with CIN (n=62), and in controls without HPV infection 
(n=17).. IL-6 concentrations were below the detection Him it in 28 
patientss with CIN and in 12 controls. The median levels are 
indicated. . 

Thee median IL-8 concentration in the patients with cervical cancer, those with CIN 
andd the controls was 2756 (interquartile range: 1651-1707) pg/ml, 489 (248-1158) pg/ml and 
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6311 (346-897) pg/ml, respectively. The IL-8 levels differed among the groups (p < 0.0001, 
ANOVA) .. Local IL-8 concentrations in patients with cervical cancer were significantly higher 
thann in controls and in patients with CIN (p<0.0001 and pO.0001, respectively; Mann-
Whitneyy U test). No significant difference in local IL-8 concentrations was found between 
patientss with CIN and controls (Figure 2). 
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Figuree 2 Distribution of IL-8 (pg/mL) concentrations in 
cervicovaginall  washings in patients with cervical cancer (n=35), in 
patientss with CIN (n=62) and in controls without HPV infection 
(n=l7).. The median levels are indicated. 

Inn addition, the relation between IL-6 and IL-8 levels in cervicovaginal washings for 
eachh individual was analyzed. A statistically significant correlation was found both in the 
groupp of patients with cervical cancer (Spearman rho= 0.62, 95% CI: 0.35-0.79) and in those 
withh CIN (Spearman rho=0.42, 95% CI: 0.18-0.61) (Figure 3). 
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Figuree 3 Relation between IL-6 and IL-8 concentrations in cervicovaginal washings. In patients with cervical 
cancerr (n=35) (left) and in patients with CIN (n=62) (right) a significant correlation was found between IL-6 and 
IL-88 concentrations (Spearman p =0.42 95% CI 0.18-0.61; p=0.62 95% CI 0.35-0.69). 
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Wee subsequently analyzed whether IL-6 and IL-8 were locally derived by comparing 
thee concentrations of these cytokines in cervicovaginal washings and in sera. In the patients 
withh cervical cancer, the IL-6 concentrations in the washings (median value, interquartile 
range:: 171 pg/ml, 54-780) were significantly higher than in the sera (<2 pg/ml, <2-<2) 
(p<0.0001,, Wilcoxon matched pair signed rank test). The IL-8 concentrations in their 
washingss (median value, range: 2756 pg/ml, 1651-7107) were also significantly higher than 
inn the sera (3.65 pg/ml, 2.85-6.95) (p<0.0001, Wilcoxon matched pair signed rank test). For 
thee patients with CIN and the control subjects, the same pattern was found (data not shown). 
Fromm this we conclude that IL-6 and IL-8 are predominantly locally derived. 

Inn 18 healthy subjects cervicovaginal washings were performed on two occasions. The 
intraclasss correlation coefficient for IL-8 levels was 0.79. This indicates a good repeatability 
off  the procedures. Figure 4 shows the IL-6 and IL-8 concentrations in the cervicovaginal 
washingss of controls at different time points in one menstrual cycle. In 9 we performed 
cervicovaginall  washings at three different time points, in 2 at two time points. Although 
intraindividuall  variations were observed, the mean IL-6 and IL-8 levels were similar 
throughoutt the menstrual cycle. 

10== 10' 

timee points time points 

Figuree 4 IL-6 and IL-8 concentrations (pg/mL) in cervicovaginal washings at different time points in one 
menstruall  cycle in 11 controls. The time points 1, 2 and 3 correspond to the follicular, (peri)ovulatory and luteal 
phase,, respectively. In 9/11 the IL-6 level was below the detection limit at one or more time points. Both mean 
IL-66 and mean IL-8 levels were similar at the different time points. 

Inn the group of patients with CIN (CIN I, n=26; CIN II, n=14; CIN III , n=22), we analyzed 
whetherr the levels of IL-6 and IL-8 depended on CIN grade. No significant differences 
betweenn local IL-6 and IL-8 levels in the three CIN groups were found. 

Wee did not observe a difference in IL-6 or IL-8 levels between the subjects that were 
HPVV DNA test positive and those that were HPV DNA test negative, neither in the group of 
healthyy individuals nor in the group of patients with CIN. 

Finally,, we questioned whether a relation existed between the levels of IL-6 and IL-8 
inn the cervicovaginal washings and the extent of the inflammatory infiltrate in the cervical 
neoplasticc lesion to obtain information on the source of these interleukins. In the patients with 
cervicall  cancer with an inflammatory infiltrate scored as mild (n=8), moderate (n=ll) and 
densee (n=9), the levels of IL-6 were (median, interquartile range)) 62 (23-489), 382 (66-824) 
andd 307 (67-565) pg/ml, respectively. There was no ststistically significant difference 
betweenn the groups (P = 0.45, Kruskal-Wallis test). We also did not observe a correlation 
betweenn the density or the character of the inflammatory infiltrate and the levels of IL-8. 
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Similarlyy no relation was found between the density and the character of the inflammatory 
infiltratee in the tissue and the IL-6 and IL-8 levels in cervicovaginal washing fluids in any of 
thee other groups. 

Discussion n 
Inn our study IL-6 and IL-8 levels were significantly higher in the cervicovaginal 

washingg fluid from patients with cervical cancer than those in controls. IL-6 levels were also 
significantlyy higher in patients with CIN than in controls. In most cases IL-6 levels could not 
bee detected in the serum. Similarly, serum IL-8 was not detectable or present at much lower 
concentrationss than in cervicovaginal washings. This indicates that the IL-6 and IL-8 levels 
measuredd in the cervicovaginal washing fluid are locally derived and not present as a result of 
leakagee from the blood. This local production of these cytokines is even more pronounced 
becausee the cervicovaginal secretions we collected are diluted by the washing procedure with 
200 mL of sterile PBS. 

AA disadvantage of our washing procedure is that the dilution of cervical secretions is 
unknownn and may vary between individuals. Although our results were reproducible, as 
shownn by the high intraclass correlation coefficient for IL-8, the possible variability of the 
methodd should be considered in the interpretation of the results. Bélec and coworkers have 
performedd vaginal washings with 3 ml of PBS with added LiCl and calculated the dilution by 
measuringg the dilution factor of LiCl  32. They found that this procedure corresponded to 
approximatelyy a ten-fold dilution of native cervicovaginal secretions. Others have applied 2 to 
100 ml of washing fluid 33'34, or collected cervicovaginal secretions with sponges, cylindrical 
filterfilter  wicks and absorbent filter strips that were eluted in up to 1 ml of collecting fluid 35.34 

Ourr procedure was based on that described by Hill et al. 25. If we assume that in our procedure 
thee secretions are diluted approximately 10-fold, it follows the upper range of IL-6 in 
secretionss of healthy subjects was about 700 pg IL-6 per milliliter . This level is close to the 
upperr range of normal IL-6 levels reported by Bélec et al. I8. Our results therefore confirm the 
locall  production of IL-6 in cervicovaginal secretions. We are not aware of reports on IL-8 
levelss in the cervicovaginal washings of healthy subjects. 

Thee IL-6 levels in the cervicovaginal washings of healthy subjects were low and 
beloww the limit of detection of the assay at some of the time points in the menstrual cycle. 
However,, the mean levels of IL-6 at those time points were not statistically different in the 
groupp as a whole. IL-8 levels were always detectable and showed high reproducibility. Thus, 
thee cytokine levels in the other groups measured at a certain time point were considered as 
representativee for group comparisons. 

Noo earlier studies have been reported on local IL-6 and IL-8 concentrations in 
cervicovaginall  secretions of patients with CIN. We observed higher IL-6 protein levels in 
patientss with CIN than in healthy subjects. In other studies no increase in IL-6 mRNA was 
foundd in cervical tissue from CIN patients ". l 2 The semi-quantitative detection of mRNA, 
however,, may be less powerful than a quantitative assay of protein levels. The difference in 
levelss of IL-6 in cervicovaginal washings between patients with CIN and controls may be 
relatedd to CIN grade and/or HPV status, which, however, was not observed in this study. It 
hass to be considered that when HPV-DNA can not be detected at a certain time point, this 
doess not exclude an earlier HPV infection36. It would be tempting to ascribe the increased IL-
66 levels in the CIN group to HPV infection. In vitro studies on the effects of HPV-DNA on 
cervicall  epithelial cells are equivocal though, and show both decreased and increased IL-6 
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production.. Studies in a larger group of subjects with HPV-DNA test negative smears, and 
follow-upp studies should be performed to obtain more information about a possible relation 
betweenn local cytokine levels and HPV-DNA status. 

Bothh IL-6 and IL-8 levels were elevated in the cervicovaginal washings of patients 
withh cervical cancer compared with patients with CIN and controls. It is unlikely that this is 
duee to sampling of increased volumes of cervicovaginal secretions as the recovery of sample 
volumee was similar in patients and controls and the levels of IL-6 and IL-8 were 10- to 100-
foldd higher in patients than in controls. Therefore, the high IL-6 and IL-8 levels are assumed 
too be pathophysiological. The increased IL-6 protein levels in cervical cancer match increased 
IL-66 mRNA in cervical tissue material from patients as detected by semi-quantitative RT-
PCRR I2. In contrast to this, Pao et al. reported no significant difference in IL-6 mRNA 
expressionn in cervical carcinoma tissue homogenates compared to normal cervical tissues 
Noo data have been reported yet on IL-8 mRNA expression related to cervical neoplasia or 
HPVV infection in cervical tissue samples. A recent in vitro study reported that cervical 
epitheliall  cells showed an increased mRNA expression and secretion of IL-8 upon infection 
withh Chlamydia trachomatis37. 

Wee have no information on which cells are responsible for the elevated secretion of 
IL-66 and IL-8. These cytokines may originate from autocrine supply by the tumor cells 
themselves,, or from the environment induced by infection, inflammation or tissue damage. 
Wee did not observe a relation between the extent and type of the inflammatory infiltrate in the 
lesionss and local IL-6 and IL-8 levels. This may suggest that tumor cells and/or epithelial 
cellss are the main sources of these interleukins. Cervical epithelial cells have been shown to 
bee potential sources of IL-6 and IL-8 18"20. Studies investigating mRNA expression and 
immunee histochemical analysis on the protein level would be necessary to further analyze 
this,, since several cell types can be involved in cytokine production in the cervix. ' 
Moreover,, in general, macrophages and monocytes are important sources for IL-6 and for IL-
88 13.17 Tartour et al. mentioned that the increased IL-6 in the cervical tissue of patients with 
cervicall  cancer occurred predominantly in macrophages l2. Human cervical fibroblasts are an 
importantt additional source of local IL-6 production ' . 

Inn our study IL-6 and IL-8 levels in cervicovaginal washings were significantly 
correlated,, suggesting a common source and/or inducer. IL-l a and TNF-a are good 
candidatess for the latter option based on in vitro studies with cervical epithelial cells 9'10. In 
preliminaryy studies, we did not detect TNF-a in the cervicovaginal washings from healthy 
subjectss and patients with CIN. However, in patients with cervical cancer high levels of TNF-
aa were found (results not shown). These results suggest that other factors are involved in the 
regulationn of IL-6 and IL-8 production, in addition to a possible contribution by TNF-a. 

Thee effects of proinflammatory cytokines, like IL-6 and IL-8, on normal and 
neoplasticc cells as shown in vitro, suggest that the growth of neoplastic cells in vivo might be 
promotedd by them. It has been reported that IL-6 can play a role in cervical tumor cell growth 
inin vitro 16.9',0 Chemotaxis is the major known function of IL-8, but high IL-8 levels result in 
inhibitionn of chemotaxis 21. Furthermore, IL-8 is an angiogenic factor in the tumorigenesis of 
solidd tumors, as has recently been described for human non-small cell lung cancer 22 and 
glioblastomaa 38. Thus, the locally increased IL-8 levels in patients with cervical cancer may 
playy a role in the angiogenesis of the tumor. In previous studies, it has been shown that 
chronicc inflammation can contribute to the pathogenesis of several cancer types 39.40 We 
hypothesizee that the increased levels of IL-6 and IL-8 may contribute to cervical 
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tumorigenesiss by acting as a stimulator of tumor growth and as an angiogenesis factor, 
respectively. . 

Inn conclusion, IL-6 is locally increased in cervicovaginal secretions of patients with 
CINN compared with controls, and both IL-6 and IL-8 are increased in patients with cervical 
carcinomaa compared with patients with CIN and controls. The high cytokine levels may 
contributee to the local inflammatory process and they may have a stimulating effect on tumor 
development,, rather than contributing to the defense against HPV infection. Additional 
studiess are under way to find out which cells are responsible for this phenomenon in order to 
furtherr elucidate the role of these cytokines in the local immunity of the cervical mucosa 
againstt HPV related cervical lesions. 
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Abstract t 
Humann papillomavirus (HPV) infections play an important role in the development of 
cervicall  neoplasia. To get to a better understanding of the role of cytokines in the 
developmentt of these neoplasias, we analyzed the presence of various cytokines in 
cervicovaginall  washings of healthy volunteers (n=22), cervical intraepithelial neoplasia (CIN) 
patientss (n=63) and cervical cancer patients (n=33). Although not detectable in healthy 
controlss and CIN patients, IL-12, TNF-a and, at lower levels, IFN-y and IL-10, were detected 
inn approximately 60% of patients with cervical cancer. TGF-P 1 was detected in 
cervicovaginall  washings in 32% of healthy controls, 50% of patients with CIN, and in 95% of 
patientss with cervical cancer. IL-1 P was detected in most of the controls and CIN patients and 
inn all patients with cervical cancer. IL-12p40, IL-10, TGF-pi, TNF-a and IL-1 (3 levels were 
significantlyy higher in patients with cervical cancer than in controls and CIN patients. Our 
dataa demonstrate alterations in the local cervical immune environment in cervical cancer 
patients.. This could have important consequences for the further development of immune 
modulatingg therapies and vaccination strategies. 

Introductio n n 
Humann papillomavirus (HPV) infections play a pivotal role in the development of 

cervicall  neoplasia . In young healthy adolescents, most HPV infections are transient 2. 
However,, in many immunocompromised individuals HPV infections tend to persist and 
eventuallyy become neoplasia " . Therefore, it is assumed that the host immune system and in 
particularr the local immune system of the genital tract is important in the surveillance of HPV 
relatedd cervical neoplasia. 

Cytokiness regulate the immune response in various ways. First, they may promote the 
immunee response. Interleukin-12 (IL-12) and interferon-gamma (IFN-y) promote the cellular 
immunee response by stimulating natural killer (NK) cells and by stimulating the development 
off  cytotoxic T cells (CTL) 6. IL-6, IFN-y, IL-10 and transforming growth factor-beta (TGF-p) 
playy an important role in the immunoglobulin (Ig) production 7"9, IL-10 and TGF-p in 
particularr with respect to the production of IgA  10"12. Furthermore, IFN-y is able to enhance 
thee secretion of SIgA in vitro ' . IL-1 (3 is a pro-inflammatory cytokine, which activates T-and 
B-lymphocytess and NK-cells: it induces acute-phase proteins and stimulates the formation of 
inflammatoryy infiltrates H. 

Second,, cytokines may cause immunosuppressive effects. IL-10 inhibits the 
developmentt of a cellular response by inhibition of IL-12 production 7 and TGF-P antagonizes 
thee effects of IFN-y, perhaps by an enhancement of IL-10 expression or by down-regulation 
off  IL-2 receptor signalling 5. 

Third,, cytokines may directly interact with tumor cells. Both TNF-a and TGF-P are 
supposedd to exert antiproliferative effects 10; ,6; 17. IFN-y may also have an antiproliferative 
effectt and it may induce HLA-class II expression l8"20. With respect to HPV related tumors 
TGF-pp is important in its capacity to inhibit the expression of E6 and E7 genes 21. 

Thesee are important aspects of the pleiotropic actions of cytokines in relation to the 
locall  immunosurveillance against HPV-related neoplasias. In our earlier studies we have 
foundd evidence for the local production of IL-6 and IL-8 in the cervicovaginal compartment 
andd we have shown that IL-6 levels in cervicovaginal washings were related to (pre)neoplastic 
lesionss of the cervix 22. Several groups have reported on cytokines in cervicovaginal washings 
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inn relation to human immunodeficiency virus (HIV) infections " or on cytokine mRNA or 
proteinn levels in relation to HPV and related neoplasia in tissue 27. Here, we report on IL-
12p40,, IFN-y, IL-10, TGF-fH, TNF-a and IL-l p levels in cervicovaginal washings of healthy 
controlss and patients with neoplastic lesions of the cervix. 

Materiall  and Methods 
StudyStudy population 

Wee studied control subjects, patients with cervical intraepithelial neoplasia (CIN) and 
patientss with invasive cervical cancer. The control group consisted of 22 individuals, being 
thosee with normal cervical cytology and HPV-DNA test negative smears out of 32 women 
whoo responded to an advertisement. The median age was 37 years (interquartile range, 26-41; 
range,, 20-57). The group with CIN consisted of 63 patients who were referred to the 
gynecologicc outpatient clinic of the Academic Medical Center (AMC), Amsterdam, The 
Netherlands.. The median age of the patients was 33 years (interquartile range, 28-41; range, 
18-58).. All had histologically proven CIN (CIN I (n=27), CIN II (n=14), CIN III (n=22). Fifty 
(79%)) of these 63 patients had HPV DNA in the cervical smears. The group of patients with 
cervicall  cancer consisted of 33 consecutive women undergoing radical surgery for 
histologicallyy confirmed carcinoma of the uterine cervix (FIGO stage lb, IIa). At time of 
diagnosiss the median age of the patients was 41 years (interquartile range, 35-46; range, 26-
67).. Carcinomas were squamous cell carcinomas (n=24), adenocarcinomas (n=7) or 
adenosquamouss carcinomas (n=2). Thirty-one (94%) of these patients had HPV DNA positive 
cervicall  smears. All controls and patients were included after having obtained informed 
consent.. This study was approved by the medical ethical board of the AMC. 

Cervicall  smears and colposcopically directed cervical biopsies were examined by the 
Departmentt of Pathology, AMC. Cytological and histological diagnosis were classified accor-
dingg to WHO criterial l 29. 

SampleSample collection 
Thee collection of cervicovaginal washings (CW) was performed as described 

previouslyy 22. Briefly, after a cervical swab (Virapap, Digene Diagnostics, Inc., Silver Spring, 
MD,, USA) had been taken for HPV-DNA analysis, a cervicovaginal washing was performed 
byy flushing the cervix three times with the same portion of 20 ml of sterile phosphate buffered 
salinee (PBS) using a disposable plastic syringe. The fluid was immediately put on ice, 
centrifugedd for 10 min at 1000 g, at 4°C, and the supernatant was stored in aliquots at -80°C 
untill  assayed. 

HPVHPV DNA analysis 
HPVV DNA analysis was done as described earlier 22. For DNA purification, 100 jil of 

Virapapp transportation medium containing scraped cervical cells were used. Detection of 
HPVV DNA by PCR amplification was performed with HPV 16-specific primers 22 and the 
degeneratedd consensus primer pair CPI and CPIIG (CPI/IIG) 30; 31. HPV typing was done by 
directt sequence analysis of the PCR products 

CytokineCytokine immunoassays 
Alll  cytokines were measured in the supernatant of cervicovaginal washings. 
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Anti-IL-122 mAb CI 1.79 and C8.6 were provided by Dr G. Trinchieri (The Wistar 
Institute,, Philadelphia). IL-12p40 was measured by an enzyme linked immunosorbent assay 
(ELISA)) as described 34. In some experiments another ELISA was used. Control samples 
weree tested in both assays with same results. Microtiter plates were coated overnight at 4°C 
withh anti-human IL-12 mAb (CI 1.79)33 (2 pg/ml in 0.05 M sodium bicarbonate buffer, pH 
9.6)) or with anti-human IL-12 (EW 034091, R&D Systems, Minneapolis, MN, USA) (4u.g/ml 
inn PBS). After washing with PBS/0.02% Tween (PT)(Tween-20) and blocking the plates with 
2%% fat milk in PBS, standards IL-12 and samples, diluted in assay/High performance ELISA 
(HPE)) buffer (CLB, Sanquin Blood Supply Foundation, Amsterdam, The Netherlands), and 
biotinylatedd anti-human IL-12 (C8.6) (1.25 u.g/ml) in assay buffer was added and the plates 
weree incubated for 2 h at room temperature, under continuously shaking. In case the coating 
antibodyy EW 034091 was used: after incubation for 1 h at 37°C and a wash, conjugate with 
2%% normal mouse serum (CLB Ml250 batch 1250-3503) was added and incubated for 1 h at 
37°C.. Subsequently, the wells were washed and horseradish peroxidase conjugated to 
streptavidinn (poly-HRP-streptavidin; CLB) was added (final concentration 1:10000 in 2 % fat 
milkk in PBS) and incubated for 30 minutes at room temperature, under continuously shaking. 
Afterr a wash, tetramethylbenzidin (TMB) substrate (0.1 mg/ml TMB in 0.11M sodium acetate 
bufferr pH 5.5 and 0.003% H2O2) was added; the reaction was stopped with 1M H2SO4 and the 
absorbancee was read in a Titertek multiscan. The lower limit of detection was 2.7 pg/ml. 

IFN-yy was measured using a commercially available enzyme immunoassay kit 
(PeliKine,, CLB, Amsterdam, The Netherlands), according to the manufacturer's instructions. 
Thee lower limit of detection was 2.5 pg/ml. 

IL-100 was measured as previously described 35. The lower limit of detection was 7 
pg/ml. . 

TGF-pii  was measured using the DuoSeT™ ELISA for human TGF-pi, and the human 
TGF-pp DuoSeT Acessory Pack to activate samples and standards prior to ELISA (Genzyme 
diagnostics,, Cambridge MA, USA), according to the manufacturer's instructions. The lower 
limi tt of detection was 31.25 pg/ml. 

TNF-aa was measured using the MEDGENIX TNF-cc EASIA™ kit (BioSource Europe 
S.A.,, Fleurus, Belgium) according to the manufacturer's instructions. The lower limit of 
detectionn was 13 pg/ml. 

IL-i pp was measured by ELISA as described for IL-12p40. Briefly, microtiter plates 
weree coated overnight at 4°C with anti-human CLB IL-lp/8 mAb (1 jig/ml in 0.05 M sodium 
bicarbonatee buffer, pH 9.6). Standards NiBSC and samples, diluted in HPE buffer, and 
biotinylatedd anti-human CLB IL-ip/4 HPE buffer were incubated simultaneously. The lower 
limi tt of detection was 1 pg/ml. 

Al ll  samples were measured in duplicate and using at least two different dilutions, 
exceptt for the samples tested in the TNF-a assay (tested single in at least two different 
dilutions).. The responses of positive cervicovaginal washings upon dilution were parallel to 
thee calibration line. 

Albumin Albumin 
Albuminn levels in paired cervicovaginal washings and sera were determined as 

describedd earlier . The ratio of the albumin level in cervicovaginal washing and the albumin 
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levell  in serum, i.e. the Qalbumin, was used as a measure for transudation of serum proteins 
andd as a surrogate marker for inflammation. 

InflammatoryInflammatory infiltrate analysis 
Representativee hematoxylin-eosin (HE) stained sections from ON and sections from 

thee cervical carcinomas in the surgical resection specimens were examined by one pathologist 
(FtK).. The density of the inflammatory infiltrate was semi-quantitatively scored as mild, 
moderatee and dense. Additionally, the plasma cells, lymphocytes, neutrophilic and 
eosinophilicc granulocytes in the infiltrate were scored semi-quantitatively. The histological 
scoree of the inflammatory infiltrate was performed without knowledge of the cytokine levels 
inn the patients. 

StatisticalStatistical analysis 
Too test for a significant difference between groups, we used the Kruskal-Wallis nonparametric 
one-wayy analysis of variance (ANOVA). When this test indicated a significant difference 
amongg groups, inter-group comparisons were performed using the Mann-Whitney U test. 
Spearmann correlation coefficients were calculated to analyze the correlation between 
concentrationss of different cytokines and to analyze the correlation between cytokine 
concentrationss and Qalbumin. The Chi Square test was used to analyze significant differences 
inn the frequency of patients with HPV-DNA positive or HPV-DNA negative CIN with 
detectedd cytokine levels. P-values < 0.05 were considered statistically significant. 

Results s 
CytokineCytokine levels in cervicovaginal washings 

Thee levels of the cytokines in the cervicovaginal washings of control subjects (n=22), 
patientss with CIN (n=63) and patients with cervical cancer (n^33) are summarized in table 1. 
Becausee of limited sample volumes it was not possible to investigate all cytokines in all 
samples. . 

Inn cervicovaginal washings of control subjects TGF-pl and IL-i p were detectable in 7 
outt of 22 and in 21 out of 22 women, respectively. All other cytokines were below the 
detectionn limit. 

Inn some of the CIN patients IL-12, IL-10 and TNF-cc were detected in cervicovaginal 
washings.. IFN-y was not detected in any CIN patient. TGF-fil was detected in 31 out of 62 
testedd CIN patients. The median TGF-pi level in the cervicovaginal washings was 36 
(<31.25-86)) (interquartile range) pg/ml. IL-l p was detected in 54 out of 63 patients with CIN. 
Thee median IL-l p level in the cervicovaginal washings of the CIN patients was 33 (16-95) 
pg/ml. . 

Inn cervical cancer patients IL-12 was detected in 21 out of 33 patients. The median 
levell  was 17 (<2.7-54) pg/ml. Low levels of IFN-y were detected in 13 out of 21 tested 
patients.. The median IFN-y level was 8 (<2.5-9) pg/ml. IL-10 was detected in 18 out of 33 
patientss with a median level of 1430 (<7-7370) pg/ml. TGF-pl was detected in all but two 
cervicovaginall  washings. The median level was 170 (107-558) pg/ml. TNF-a was detected in 
211 out of 33 patients. The median level was 55 (<13-107) pg/ml. IL-i p was detected in all 
patientss with cervical cancer. The median level was 157 (97-283) pg/ml. 
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Thee IL-12, IL-10 and TNF-a levels were significantly higher in cervicovaginal 
washingss of the patients with cervical cancer compared to the patients with CIN (p=0.0098, 
p=0.0002,, pO.0001, respectively (Mann-Whitney test)). TGF-(51 and IL-l p levels were 
differentt among the three groups (pO.0001, pO.0001, respectively (Kruskal-Wallis test)) 
andd significantly higher in patients with cervical cancer compared to either CIN patients or 
controlss (pO.0001, Mann-Whitney test). TGF-fil levels were significantly higher in patients 
withh CIN compared to controls (pO.0001, Mann-Whitney test). IL-i p levels did not differ 
betweenn patients with CIN and controls (table 1). 

HistologicalHistological tumor type and cytokine levels 
Too investigate whether the histological tumor type was associated with differences in 

cytokinee levels we studied separately cytokine levels in patients with squamous cell 
carcinomass (SCC), adenosquamous carcinomas and adenocarcinomas of the uterine cervix. 
IL-122 levels in cervicovaginal washings were significantly higher in patients with squamous 
celll  carcinomas (p=0.024, Kruskal-Wallis test; SCC vs adenocarcinoma: p=0.021, Mann-
Whitneyy test) (figure 1). The other cytokine levels were not significantly different between 
thee respective tumor types. 
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Figuree 1 IL-12p40 (pg/ml) levels in cervicovaginal washing fluid from patients with squamous cell carcinoma 
(sec)) of the cervix (n=23), adenosquamous (adenosq) carcinoma of the cervix (n=4) and adenocarcinoma (adeno) 
off  the cervix (n=5). Median IL-12p40 levels varied significantly among the three groups (p < 0.05, Kruskal-
Walliss test). Also a significant difference was found between the median IL-12p40 levels of patients with 
squamouss cell carcinoma and adenocarcinoma of the cervix (p < 0.05, Mann Whitney test). 

Relationn between inflammator y infiltrat e and cytokine levels in patients with cervical 
cancer r 

Wee evaluated whether a relationship existed between the density and type of the 
inflammatoryy infiltrate in the tumor and the levels of certain cytokines to investigate whether 
somee cytokines contribute to inflammation and/or reflect the type of inflammation. In the 
patientss with cervical cancer the density of the inflammatory infiltrate in the tumor was 
designatedd 'mild' in 20 %, moderate in 52 % and dense in 28 % of the patients. The semi-
quantitativelyy scored amount of lymphocytes in the inflammatory infiltrate was mild in 40 %, 
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moderatee in 40 % and dense in 20 % of the patients. For plasma cells these percentages were 
39%,, 39% and 22%, respectively. Firstly, the complete group of patients with cervical cancer 
wass analyzed. Measured cytokines were linked to the scored densities of the inflammatory 
infiltrate.. A significant correlation was found between the density of the inflammatory 
infiltratee and TNF-a levels and IL-12 levels (Spearman rho 0.43, p=0.03 and Spearman rho 
0.43,, p=0.03, respectively). When a homogeneous group consisting of the subgroup patients 
withh squamous cell carcinoma of the uterine cervix (n=24) was analyzed no significant 
correlationss between cytokines and the density of the infiltrate were found. No relations were 
foundd in cytokine levels and the amount of lymphocytes or plasma cells. 

Sincee the biopsies from patients with CIN were very small and revealed in general 
hardlyy an inflammatory infiltrate to analyze, we used the transudation of albumin as another 
inflammatoryy marker. Thus we calculated Qalbumin, the ratio of albumin in cervicovaginal 
washingg fluid and in serum. 
Forr the patients significant correlations were found between Qalbumin and the levels of IL-
12,, TGF-pi, TNF-a and IL-lp . For CIN patients the coefficients of correlation for TGF-pl 
andd IL-l p were 0.82 and 0.41 (Spearman rho, pO.0001; p=0.035), respectively. For the 
patientss with cervical cancer the coefficients of correlation between Qalbumin and IL-12, 
TGF-pl,, TNF-a and IL-l p the coefficients of correlation were 0.72, 0.80, 0.66 and 0.46, 
respectivelyy (Spearman rho, pO.0001, p< 0.0001; p=0.008; p=0.0002). Thus for most of the 
cytokiness the levels parallel the degree of the inflammatory reaction as measured by the 
transudationn of albumin. 

RelationRelation with HPV-DNA 
Almostt all (94%) patients with cervical cancer were found to be HPV-DNA 

positive,, whereas 79% of the CIN patients were HPV-DNA positive. We studied the relation 
betweenn cytokine levels and HPV-DNA positivity in the CIN patients. In the CIN patients 
whoo were HPV-DNA positive IL-12 was more often detected than in the HPV-DNA negative 
patientss (p=0.04, Chi Square test). No other statistically significant associations between 
cytokinee level and the detection of HPV-DNA were found. 

Discussion n 
Wee have found that the levels of the cytokines IL-12p40, IL-10, TGF-pl, TNF-a and 

IL-i pp are increased in the cervicovaginal washings of patients with cervical cancer. Except 
forr IL-10 the levels correlated with other parameters for inflammation. For IFN-y, a cytokine 
importantt for the generation of cellular immune responses only very low levels were found in 
aa limited number of patients. 
Thee advantage of using cervicovaginal washings is that these are easy to perform and are 
minimallyy invasive. We have previously shown that our sampling procedure is reproducible 
22 2 

Recently,, it has been demonstrated that IL-12 was secreted locally in cervicovaginal 
washingss of women participating in a population-based natural history study of cervical 
neoplasiaa in Costa Rica and female adolescents 26:37. We found IL-12p40 protein levels to be 
significantlyy higher in patients with cervical cancer compared to CIN and controls. This 
seemss to be in contrast with previous studies showing both IL-12p40 and IL-12 p35 mRNA 
andd protein expression to be lower in biopsies from high grade CIN and cervical cancer 
lesionss than in low grade CIN lesions 38,39. 
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Tablee 1 Cytokine levels in cervicovaginal washings from healthy controls, patients with CIN 
andd patients with cervical cancer 

Cytokinee level (pg/ml) 

IL-122 (median) 
(IQQ range) 
detectablee in 

IFN-yy (median) 
(IQQ range) 
detectablee in 

IL-100 (median) 
(IQQ range) 
detectablee in 

TGF-pii  (median) 
(IQQ range) 
detectablee in 

TNF-ctt (median) 
(IQQ range) 
detectablee in 

IL-l pp (median) 
(IQQ range) 
detectablee in 

Controls s 

<2.7 7 
--
--
<2.5 5 
--
--
<7 7 
--
--
<31.25 5 
<31.25-77 7 
7/22(32%) ) 
<13 3 
--
--
47 7 
23-69 9 
21/22(95%) ) 

CIN N 

<2.7 7 
<2.7-<2.7 7 
10/38(26%) ) 
<2.5 5 
--
--
<7 7 
<7-<7 7 
2/39(5%) ) 
36# # 
<31.25-86 6 
31/62(50%) ) 
<13 3 
<13-<13 3 
3/59(5%) ) 
33 3 
16-95 5 
54/63(86%) ) 

cervicall  cancer 

17* * 
<2.7-54 4 
21/33(64%) ) 
8 8 
<2.5-9 9 
13/21(62%) ) 
1430$ $ 
<7-7370 0 
18/33(55%) ) 
170## # 
107-558 8 
31/33(94%) ) 
55** * 
<13-107 7 
21/33(64%) ) 
jj  57*** 
97-283 3 
33/33(100%) ) 

CIN=cervicall  intraepithelial neoplasia; IQ range interquartile range 
*p=0.00988 vs CFN, $p < 0.0001 vs CIN and controls, #p <0.0001 vs controls, 
**p<0.00011 vs CIN, ***p<0.0001 vs CIN and controls. Due to limited sam 
analyzee all investigated cytokines in all samples 

##pp < 0.0001 vs CIN and controls, 
piee volumes it was not possible to 

Wee found higher IL-12p40 levels in patients with squamous cell carcinomas than in patients 
withh adenocarcinomas. These differences may be explained by differential effects of the 
tumorr cells on the IL-12 production of monocytes and macrophages or by the differential 
productionn of IL-12 by the tumor cells themselves. 

IFN-yy was only marginally detected in cervicovaginal washings from patients with 
cervicall  cancer and not detectable in patients with CIN and in healthy controls. This is in line 
withh previous studies 4. Pao et al. demonstrated that IFN-y mRNA was significantly reduced 
inn CIN and cervical cancer tissue compared to normal tissue 27, which was confirmed by 
otherss 39. The low IFN-y expression is probably not caused by lack of the IFN-y inducing 
cytokinee IL-12 as the IL-12 p40 levels were increased in patients with cervical cancer. IFN-y 
iss able to induce the expression of HLA class II on cervical cell lines in vitro, and a clear 
associationn between IFN-y mRNA levels at the tumor site and expression of HLA class II 
moleculess on the tumor has been observed 18"20. Although HLA class II expression on antigen 
presentingg cells (APC) plays an important role in antigen presentation, cervical carcinomas 
oftenn show de novo expression of HLA class II antigens 40' 41. The effect on the immune 
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responsee of de novo expression of HLA class II antigens on tumor cells due to IFN-y 
expressionn is unknown. It is noteworthy that it was recently demonstrated that both normal 
andd HPV transformed cervical keratinocytes are sensitive to growth inhibition by IFN-y 42. A 
defectt in IFN-y expression at the site of the cervical lesion may therefore be advantageous for 
tumorr progression. Indeed, it was recently found that high intratumoral IFN-y mRNA levels 
weree associated with an increased disease free survival in all 14 patients with cervical cancer 
inn a 2 year follow-up ' . 

Fivee percent of the patients with CIN and 55% of the cervical cancer patients had 
detectablee IL-10 levels, which is in line with one study showing an increase in the IL-10 
(mRNAA and protein) expression from low grade to high grade CIN lesions 38. In contrast, 
otherr investigators demonstrated a lower IL-10 mRNA expression in biopsies from cervical 
carcinomaa as compared with CIN 39. Previous studies also showed low (or levels below the 
limi tt of detection) IL-10 levels in cervicovaginal washings from healthy controls, patients 
withh CIN and cervical cancer patients24'43. 

Wee observed both higher TGF-pl levels in cervicovaginal washings from patients 
withh cervical cancer compared with patients with CIN and healthy controls. TGF-pl has been 
shownn to inhibit E6 and/or E7 gene expression at the level of transcription in HPV 
immortalizedd keratinocytes, thereby inhibiting cell proliferation 21*  44. Furthermore, TGF-p 
enhancess apoptosis and inhibits angiogenic capability and metastatic potential of HPV-
associatedd tumors l0. High TGF-P levels should also inhibit tumor growth. However, in vitro 
studiess have shown that cervical carcinomas have lost their sensitivity to TGF-P 1 and their 
abilityy to secrete TGFs 45. Cervical carcinoma cell lines have been reported to be sensitive, 
minimallyy responsive or resistant to TGF-P induced growth inhibition, possibly depending on 
losss of TGF-P-RII expression or components of the post receptor pathway 46. It may also 
facilitatee the development of cervical cancer by contributing to immunosuppresion 

Immunohistochemicall  studies showed that TGF-P 1 expression was common in CIN 
lesions.. Expression was most frequently found in regressed and persistent lesions (>60%), but 
wass not clearly related to the grade of the lesion or the clinical course 47. Interestingly, another 
immunohistochemicall  study reported a decrease of the intracellular TGF-p 1 expression in 
neoplasticc epithelium but an increase in the extracellular TGF-pi expression in cervical 
cancerr stroma. Tumor progression may therefore indirectly be promoted by TGF-pl, secreted 
intoo or produced by supporting stromal elements in a paracrine fashion 4 . Both in vitro 
studiess on freshly isolated cervical carcinoma cells 49 and our in vivo data showing increased 
locall  TGF-p 1 in cervicovaginal washings of patients with cervical cancer support this 
hypothesis. . 

Previously,, TNF-a has been demonstrated in cervicovaginal washings from healthy 
controlss 2 . Although we were not able to detect TNF-a in healthy controls, we did observe 
TNF-aa protein levels in patients with cervical cancer to be higher than in patients with CIN. 
TNF-aa mRNA was reported not to be altered in CIN or cervical cancer tissues 27. Although, 
inin vitro, the growth of normal and HPV transformed cervical keratinocytes was inhibited by 
TNF-aa 42; 50; 5I, our findings show that, in vivo, TNF-a appears to have no effective inhibitory 
effectt on tumor growth since high TNF-a levels were found in patients with cervical cancer. 
Thiss discrepancy may be explained by the observation that more aggressive phenotypes of 
HPVV transformed cell lines are resistant to TNF-a mediated growth limitation 50'5t possibly 
duee to a decreased expression or loss of the TNF-a receptor. 
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Thee IL-6 and IL-8 levels in cervicovaginal washings we reported previously 22 were 
highlyy correlated with the TNF-a levels in this study (Spearman rho 0.79 and 0.62; p<0.0001 
andd p=0.0002, (data not shown)). Furthermore, IL-6 and IL-8 also were significantly 
correlatedd with IL-i p (Spearman rho 0.36 and 0.61; p=0.05 and p=0.0002, (data not shown)). 
Thee increased levels of IL-6 and IL-8 may indicate activated epithelium. Taken together, our 
dataa suggest that several other inflammatory processes parallel the activation of the cervical 
epitheliall  cell layer. 

Forr each cytokine analyzed the percentage of patients with detectable cytokine levels 
wass significantly higher in the order controls, CIN, cervical cancer (pO.0001, ChiSquare 
test).. For IL-12p40 we also found a significantly higher frequency of positive results in the 
HPV-DNAA positive CIN group compared with the HPV-DNA negative CIN group. In the 
subgroupp of patients with squamous cell carcinoma of the cervix, we did not find a relation 
betweenn the density or the character of the inflammatory infiltrate and the measured cytokine 
levels,, indicating that, apart from the studied cytokines, additional factors play a role in tumor 
infiltrationn by immune cells. Similarly, a previous study could not demonstrate any clear 
associationn between IFN-y mRNA levels and T lymphocyte or NK cell infiltration 18. 

Cyclooxygenasee (COX)-2 has recently been reported to be expressed in a variety of 
humann malignancies 52"61, including cervical cancer 62. Pro-inflammatory cytokines like IL-i p 
andd TNF-a induce COX-2 . COX-2 can lead to cytokine imbalance in vivo, resulting in 
overproductionn of IL-10, and thus inhibiting IL-12. IL-12 induces type 1 cytokine production 
andd mediates the cellular anti-tumor response. Specific inhibition of COX-2 may restore the 
imbalancee in IL-10 and IL-12 indicating an important role for COX-2 in tumorigenesis 64. 
Ourr data show in patients with cervical cancer low levels of IL-12 and IFN-y, while IL-10 
wass found in relatively higher levels indicating a local immunosuppressive environment. 
Furthermore,, we found increased levels of pro-inflammatory cytokines (TNF-a and IL-ip) 
whichh may induce COX-2 and in this way promote tumor growth. 

Inn order to reveal the nature of the cells responsible for the production of these 
cytokines,, further studies will be needed. Immunohistochemical studies have shown IL-12, 
IL-100 and TGF-P producing cells in stroma 38. IL-12 is probably produced by keratinocytes 6, 
dendriticc cells 6 and/or tumor cells while T lymphocytes are the most likely source of IFN-y 
andd IL-10. Both epithelial and/or tumor cells could be the source of TNF-a. To resolve these 
questions,, it will be necessary to conduct studies on the protein (in cervicovaginal washings 
andd immunohistochemically) and mRNA levels at the same time. Importantly however, even 
thee detection of a theoretically ideal anti-tumor cytokine cocktail in the tumor environment, 
doess not necessarily indicate the effectiveness of the anti-tumor immune response. Local 
cytokinee levels may be altered or may not function because of the absence of receptors or the 
presencee of soluble factors that eradicate the cytokines. These, and other tumor immune 
escapee mechanisms are important to keep in mind when designing novel therapeutic 
modalitiess and vaccination studies in patients with cervical neoplasia. 
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Humann papillomavirus (HPV) infections play an important role in the pathogenesis of 
cervicall  neoplasia. Considering the morbidity and mortality of cervical cancer, infection with 
HPVV can be regarded a worldwide problem, especially in developing countries where cervical 
cancerr is the most common cancer in women. Currently, many studies focus on the 
developmentt of HPV vaccines. HPV transmission and subsequent infection is a local event in 
thee female genital tract. The local immune status might influence whether the virus infection 
wil ll  be cleared or will be persistent, with the development of cervical neoplasia as a possible 
consequence. . 
Inn this thesis the results of studies on several aspects of mucosal immunity in patients with 
HPVV related cervical neoplasia are described. 

Chapterr 1, the general introduction, gives an overview about human papillomaviruses and 
cervicall  neoplasia, mucosal immunity in general, and mucosal immunity in the female genital 
tract.. Immunoglobulins and antibodies against HPV are discussed. Furthermore, cytokines in 
relationn to HPV infections and cervical neoplasia are described. 

Chapterr 2, describes the epidemiology of HPV related cervical neoplasia and general aspects 
off  mucosal immunity in HPV related cervical neoplasia. Firstly, the general epidemiology and 
etiologyy of cervical neoplasia is described followed by an overview about HPV. The mucosal 
immunee system is outlined. The current knowledge on the local immune system in the female 
genitall  tract as part of the mucosal immune system is described. 
Thee chapter ends with the description of the development of different techniques to detect 
specificc antibodies against HPV is discussed while focusing on local specific antibodies 
againstt HPV. 

Inn chapter 3 it is investigated whether antibodies detected in cervicovaginal secretions are 
locallyy produced. It was decided to measure IgG against HPV 16 E7 for the following 
reasons.. It has been described that the amount of IgG producing plasma cells in the normal 
humann cervix is higher than that of IgA producing plasma cells and that total IgG levels are 
higherr than IgA levels in the female genital tract. Furthermore, HPV 16 E7 is an oncoprotein 
thatt is persistently expressed in cervical carcinomas and plays a pivotal role in the viral 
oncogenesiss of the cervix. IgG antibodies against HPV 16 E7 protein were determined in 
pairedd samples of cervicovaginal washing fluid and serum from 22 patients with cervical 
cancer,, 38 patients with cervical intraepithelial neoplasia (CIN) and 22 healthy individuals, 
andd in serum from 41 children. A radioactive immunoprecipitation assay (RIPA) was used to 
detectt HPV 16 E7 specific antibodies. 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 detectable HPV 16 E7 specific 
IgGG antibodies. Titration studies showed that in six of these patients the IgG antibody 
reactivityy was higher in the cervicovaginal washings than in the paired serum (P < 0.001). In 
thee CIN group no IgG reactivity to HPV 16 E7 was found in the serum, but in five patients a 
loww IgG reactivity was found in the cervicovaginal washings. No IgG reactivity was found in 
cervicovaginall  washings and sera from healthy individuals and sera from children. In 
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conclusionn it was shown that HPV 16 E7 specific antibodies seem to be locally produced in a 
numberr of patients with HPV 16 positive (pre)malignant cervical lesions. 

Serumm antibodies against E6 and E7 proteins of HPV 16 and 18 are associated with cervical 
cancer.. In chapter 4, the presence of local antibodies against these proteins in cervicovaginal 
washingss is studied utilizing a recently described sandwich protein enzyme-linked 
immunosorbentt assay (ELISA) technique. This ELISA uses the full-length renatured and 
biologicallyy active E6 and E7 proteins of HPV 16 and 18. This technique was applied to study 
antibodiess against these viral oncoproteins in cervicovaginal washings and sera from patients 
withh cervical cancer (n=21), CIN (n=38) and healthy individuals (n=22). In this study 
antibodiess against the native HPV 16 and the HPV 18 E6/E7 proteins were detected in the 
cervicovaginall  washing and serum of 11 (48%) and 6 (29%) patients with cervical cancer 
(n=21),, respectively. In paired cervicovaginal washings and sera from patients with CIN 
(n=38)) and from healthy women (n=22) no antibodies against these proteins were found. In 
100 out of 11 patients the antibody response corresponded with the HPV type in the cervical 
smearr and/or tumor tissue. In 7 out of 11 patients with antibody reactivity a higher level of 
antibodyy reactivity in the cervicovaginal washings than in the paired serum samples was 
foundd at similar inputs of total IgG. This suggests that (part of) the antibodies in the 
cervicovaginall  washings against the investigated proteins were locally produced. 
Furthermore,, the assay used in this chapter and the assay used in chapter 3 were compared. 
Thee sandwich protein ELISA and the RIP A (used in chapter 3) showed that samples above 
thee 10th percentile of the measured positive values were positive in both assays. 

HPVV causes a local infection. In this way local immunological factors like interleukins may 
influencee the outcome of the infection and the possible development of neoplasia. The 
purposee of the studies described in chapter 5 was to investigate whether local production of 
IL-66 and IL-8, two pro-inflammatory cytokines with possible epithelial origin, could be found 
andd whether the levels were related to the severity of cervical neoplasia. IL-6 and IL-8 levels 
weree determined in cervicovaginal washings and sera from 35 patients with cervical cancer, 
622 patients with CIN and 25 control subjects. IL-6 and IL-8 levels were determined by an 
ELISA.. Histological analysis of the inflammatory infiltrate was performed on hematoxylin-
eosin-stainedd tissue sections. In the patients with cervical cancer, those with CIN, and the 
controls,, the median IL-6 concentration in cervicovaginal washings was 171 pg/ml 
(interquartilee range; 54-780), 22 pg/ml (<2-73), and <2 pg/ml (<2-<2), respectively. For IL-8, 
thee levels were 2756 pg/ml (1651-7107), 489 pg/ml (248-1158), and 631 pg/ml (346-897), 
respectively.. In most subjects the local levels were much higher than in serum. Local IL-6 and 
IL-88 levels were significantly higher in patients with cervical carcinoma compared with CIN 
andd controls. Likewise, local IL-6 levels were increased in patients with CIN compared with 
controls.. No relation was found between cytokine levels and CIN grade or between cytokine 
levelss and the inflammatory infiltrate. In conclusion, there was local production of IL-6 and 
IL-88 in cervicovaginal secretions and the production of IL-6 was related to the severity of 
cervicall  neoplasia. 

Too obtain further insight into the role of cytokines in HPV related disease we have extended 
ourr studies in chapter 6. Cytokines regulate the immune response in various ways. First, they 
mayy promote the immune response. Interleukin-12 (IL-12) and interferon-gamma (IFN-y) 
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promotee the cellular immune response. IL-6, IFN-y, IL-10 and transforming growth factor-
betaa (TGF-p) play an important role in the immunoglobulin (Ig) production. IL-i p is a pro-
inflammatoryy cytokine. Second, cytokines, like IL-10 and TGF-P, may cause 
immunosuppressivee effects. Third, cytokines may directly interact with tumor cells. Both 
tumorr necrosis factor-alpha (TNF-a) and TGF-p are supposed to exert antiproliferative 
effects.. IFN-y may also have an antiproliferative effect and it may induce HLA-class II 
expression.. With respect to HPV related tumors TGF-p is important in its capacity to inhibit 
thee expression of E6 and E7 genes. 
Hence,, we studied IL-12p40, IFN-y, IL-10, TGF-p 1, TNF-a and IL-l p levels in 
cervicovaginall  washings of 22 healthy controls, and in patients with neoplastic lesions of the 
cervixx (63 cervical intraepithelial neoplasia (CIN) patients and 33 cervical cancer patients). 
Althoughh not detectable in healthy controls and CIN patients, IL-12, TNF-a and, at lower 
levels,, IFN-y and IL-10, were detected in approximately 60% of patients with cervical cancer. 
TGF-pp 1 was detected in cervicovaginal washings in 32% of healthy controls, 50% of patients 
withh CIN, and in 95% of patients with cervical cancer. IL-l p was detected in most of the 
controlss and CIN patients and in all patients with cervical cancer. IL-12p40, IL-10, TGF-pi, 
TNF-aa and IL-l p levels were significantly higher in patients with cervical cancer than in 
controlss and CIN patients. Our data demonstrate alterations in the local cervical immune 
environmentt in cervical cancer patients. 
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Humaann papillomavirus (HPV) infecties spelen een belangrijke rol in de pathogenese van 
cervixdysplasiee en cervixcarcinoom (baarmoederhalskanker). De morbiditeit en mortaliteit in 
aanmerkingg genomen kan infectie met HPV gezien worden als een wereldwijd probleem, 
voorall  in ontwikkelingslanden waar cervixcarcinoom de meest voorkomende vorm van 
kankerr is bij vrouwen. Tegenwoordig richten veel studies zich op de ontwikkeling van 
vaccins.. HPV transmissie en de daarop volgende infectie is een lokale gebeurtenis in de 
tractuss genitalis van de vrouw en de lokale immuunstatus zou daarom van invloed kunnen zijn 
off  de virus infectie geklaard zal worden of zal persisteren, met de ontwikkeling van 
cervixcarcinoomm als mogelijk gevolg. 
Inn dit proefschrift worden de resultaten van studies over verscheidene aspecten van de afweer 
vann het slijmvlies van de tractus genitalis bij patiënten met HPV gerelateerde 
cervixdysplasie/carcinoomm beschreven. 

Hoofdstukk 1, de algemene introductie, geeft een overzicht over HPV en 
cervixdysplasie/carcinoom,, mucosale immuniteit in het algemeen en mucosale immuniteit in 
dee tractus genitalis van de vrouw. Immuunglobulinen en antilichamen gericht tegen HPV 
wordenn besproken. Bovendien worden cytokines in relatie tot HPV infecties en 
cervixdysplasie/carcinoomm beschreven. 

Hoofdstukk 2 beschrijft de epidemiologie van HPV gerelateerde cervixdysplasie/carcinoom en 
algemenee aspecten van mucosale immuniteit in HPV gerelateerde cervixdysplasie/carcinoom. 
Inn de eerste plaats worden de algemene epidemiologie en etiologie van cervixcarcinoom 
beschreven,, gevolgd door een overzicht over HPV. Het mucosale immuun systeem word 
beschreven.. De huidige kennis over het lokale immuunsysteem in de tractus genitalis van de 
vrouww als onderdeel van het mucosale immuunsysteem wordt beschreven. Het hoofdstuk 
eindigtt met de beschrijving van de ontwikkeling van verschillende technieken om specifieke 
antii  lichamen tegen HPV te detecteren terwijl de aandacht gevestigd wordt op lokaal 
specifiekee antistoffen tegen HPV. 

Inn hoofdstuk 3 wordt onderzocht of antilichamen, gedetecteerd in cervicovaginale secreties, 
lokaall  worden geproduceerd. Om de volgende redenen werd besloten om IgG tegen HPV 16 
E77 te bepalen. Het is beschreven dat de hoeveelheid IgG producerende plasmacellen in de 
normalee humane cervix hoger is dan IgA producerende plasmacellen en dat de totale IgG 
spiegelss hoger zijn dan IgA spiegels in de tractus genitalis van de vrouw. Bovendien is HPV 
166 E7 een oncoprotein dat persisterend tot expressie komt in cervixcarcinomen en het speelt 
eenn voorname rol in de virale oncogenese van de cervix. IgG antilichamen tegen HPV 16 E7 
eiwitt werden bepaald in gepaarde monsters van cervicovaginale washing en serum afkomstig 
vann 22 patiënten met cervixcarcinoom, 38 patiënten met cervicale intraepitheliale neoplasie 
(CIN)) en 22 gezonde individuen en in serum van 41 kinderen. Een radioactieve 
immunoprecipitatiee assay (RIPA) werd gebruikt om HPV 16 E7 specifieke antilichamen te 
detecteren.. HPV 16 E7 specifieke IgG antilichamen werden gevonden in cervicovaginale 
washingss (n=8) en in serum (n=8) van patiënten met cervixcarcinoom. Ongeveer 60% van de 
patiëntenn met HPV 16 positieve cervixcarcinoom hadden detecteerbare HPV 16 E7 specifieke 
IgGG antilichamen. Titratiestudies lieten zien dat in 6 van deze patiënten de IgG 

93 3 



Chapterr 7 

antilichaamreactiviteitt hoger was in cervicovaginale washings dan in het gepaarde serum (P < 
0.001).. In de CIN groep werd in serum geen IgG reactiviteit tegen HPV 16 E7 gevonden, 
maarr in 5 patiënten werd een lage IgG reactiviteit in de cervicovaginale washings gevonden. 
Geenn IgG reactiviteit werd gevonden in cervicovaginale washings en serum van gezonde 
individuenn en kinderen. Concluderend kan worden gezegd dat HPV 16 E7 specifieke 
antilichamenn lokaal geproduceerd lijken te worden in een aantal patiënten met HPV 16 
positievee (pre)maligne cervix laesies. 

Dee aanwezigheid in het serum van antilichamen tegen E6 en E7 eiwitten van HPV 16 en 18 is 
geassocieerdd met cervixcarcinoom. In hoofdstuk 4 wordt de aanwezigheid van lokale 
antilichamenn tegen deze eiwitten in cervicovaginale washings bestudeerd door gebruik te 
makenn van een recent beschreven sandwich protein enzyme-linked immunosorbent assay 
(ELISA)) techniek. Deze ELISA maakt gebruik van "full-length" gerenatureerde en biologisch 
actievee E6 en E7 eiwitten van HPV 16 en 18. Deze techniek werd toegepast om antilichamen 
tegenn deze virale oncoproteinen in cervicovaginale washings en sera van patiënten met 
cervixcarcinoomm (n=21), CIN (n=38) en gezonde individuen (n=22) te bestuderen. In deze 
studiee werden antilichamen tegen de natieve HPV 16 an HPV 18 E6/E7 eiwitten gedetecteerd 
inn cervicovaginale washing en serum van respectievelijk 11 (48%) en 6 (29%) patiënten met 
cervixcarcinoomm (n=21). In de gepaarde cervicovaginale washings en sera van patiënten met 
CINN (n-38) en van gezonde vrouwen (n=22) werden geen antilichamen tegen deze eiwitten 
gevonden.. In 10 van de 11 patiënten correspondeerde de antilichaam respons met het HPV 
typee in de cervixuitstrijk en/of het tumorweefsel. In 7 van de 11 patiënten met 
antilichaamreactiviteitt werd er bij gelijke input van totaal IgG een hogere mate van 
antilichaamreactiviteitt in de cervicovaginale washings gevonden dan in de gepaarde 
serummonsters.. Dit suggereert dat (een deel van) de anti lichamen tegen de onderzochte 
eiwittenn in de cervicovaginale washings lokaal werden geproduceerd. Bovendien werd de 
assayy die werd gebruikt in dit hoofdstuk vergeleken met de assay die gebruikt werd in 
hoofdstukk 3. De sandwich protein ELISA en de RIPA (gebruikt in hoofdstuk 3) toonden dat 
monsterss boven de 10e percentiel van de gemeten positieve waarden in beide assays positief 
waren. . 

HPVV veroorzaakt een lokale infectie. Op deze manier zouden lokale immunologische 
factoren,, zoals interleukines, de uitkomst van de infectie en de mogelijke ontwikkeling van 
neoplasiee kunnen beinvloeden. Het doel van de studies beschreven in hoofstuk 5 was om te 
onderzoekenn of lokale productie van IL-6 en IL-8, twee pro-inflammatoire cytokines met 
mogelijkee epitheliale oorsprong, kon worden gevonden en of de spiegels gerelateerd waren 
aann de mate van cervix neoplasie. IL-6 en IL-8 spiegels werden bepaald in cervicovaginale 
washingss en sera van 35 patiënten met cervixcarcinoom, 62 patiënten met CIN en 25 
controles.. IL-6 en IL-8 spiegels werden bepaald door middel van een ELISA. Histologische 
analysee van het ontstekingsinfiltraat werd gedaan op hematoxyline-eosine gekleurde coupes. 
Dee mediane IL-6 concentraties in de patiënten met cervixcarcinoom, degenen met CIN en de 
controless waren respectievelijk 171 pg/ml (interquartiele range; 54-780), 22 pg/ml (<2-73) en 
<22 pg/ml (<2-<2). Voor IL-8 waren de spiegels respectievelijk 2756 pg/ml (1651-7107), 489 
pg/mll  (248-1158) en 631 (346-897). In de meesten waren de lokale spiegels veel hoger dan in 
hett serum. Locale IL-6 en IL-8 spiegels waren significant hoger in patiënten met 
cervixcarcinoomm vergeleken met CIN en controles. Eveneens waren locale IL-6 spiegels 
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verhoogdd in patiënten met CIN ten opzichte van controles. Er werd geen relatie gevonden 
tussenn cytokinespiegels en de mate van CIN of ontstekingsinfiltraat. Geconcludeerd kan 
wordenn dat er lokale productie van IL-6 en IL-8 in cervicovaginale secreties en de productie 
vann IL-6 gerelateerd was aan de ernst van de cervixdysplasie/carcinoom. 

Omm meer inzicht te krijgen in de rol van cytokines in HPV gerelateerde aandoeningen hebben 
wijj  onze studie in hoofdstuk 6 uitgebreid. Cytokines reguleren de immuunrespons op een 
aantall  manieren. Zo bevorderen interleukine-12 (IL-12) en interferon-gamma (IFN-y) de 
cellulairee immuunrespons. IL-6, IFN-y, IL-10 en transforming growth factor-beta (TGF-p) 
spelenn een belangrijke rol in de immunoglobuline (Ig) productie. IL-i p is een pro-
inflammatoirr cytokine. Cytokines zoals IL-10 en TGF-p kunnen ook immuunsuppressieve 
effectenn veroorzaken. Daarnaast kunnen cytokines een directe interactie hebben op 
tumorcellenn hebben. Tumor necrosis factor-a en TGF-P worden bijvoorbeeld verondersteld 
antiproliferatievee effecten uit te oefenen. IFN-y zou ook een antiproliferatief effect hebben en 
zouu HLA-klasse II expressie kunnen induceren. Met betrekking tot HPV gerelateerde tumoren 
iss TGF-p belangrijk vanwege zijn vermogen om de expressie van E6 en E7 te remmen. 
Omm deze redenen bestudeerden wij IL-12p40, IFN-y, IL-10, TGF-p 1, TNF-a en IL-l p 
spiegelss in cervicovaginale washings van 22 gezonde controles en van patiënten met 
neoplastischee laesies van de cervix (63 patiënten met CIN en 33 patiënten met 
cervixcarcinoom).. Hoewel niet detecteerbaar in gezonde controles en CIN patiënten, werden 
IL-12,, TNF-a en in lagere spiegels, IFN-y en IL-10 gedetecteerd in ongeveer 60% van de 
patiëntenn met cervixcarcinoom. TGF-P 1 werd gedetecteerd in cervicovaginale washings van 
322 % gezonde controles, 50% van de patiënten met CIN en in 95% van de patiënten met 
cervixcarcinoom.. IL-i p werd gedetecteerd in de meeste controles en patiënten met CIN en in 
allee patiënten met cervixcarcinoom. IL-12p40, IL-10, TGF-p 1, TNF-a en IL-l p spiegels 
warenn significant hoger in patiënten met cervixcarcinoom dan in controles en CIN patiënten. 
Onzee data tonen veranderingen in het lokale cervicale milieu bij patiënten met 
cervixcarcinoom. . 

Hett belang van lokale immuniteit wordt verder benadrukt door het feit dat veel studies zich 
tegenwoordigg richten op de ontwikkeling van zowel profylactische als therapeutische HPV 
vaccins.. Het lijk t redelijk om te veronderstellen dat de werkzaamheid/doeltreffendheid van 
vaccinss tegen deze lokaal overgedragen infectie het best beoordeeld kan worden aan de hand 
vann lokale immuun parameters. 
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Stellingen n 

behorendee bij het proefschrift 

"Aspectss of mucosal immunity in patients with HPV related cervical neoplasia" 

11 Er zijn aanwijzingen voor lokale productie van specifiek IgG tegen HPV 16 E6 en E7 
inn een aantal patiënten met HPV 16 positieve (pre)maligne cervixlaesies. 
-- dit proefschrift -

2.2. In het lokale milieu van de cervix uteri zijn er veranderingen in de concentraties van 
diversee cytokinen bij patiënten met cervixcarcinoom ten opzichte van gezonden. 
-- dit proefschrift -

3.. De RIPA met in vitro gesynthetiseerde HPV eiwitten en de sandwich ELISA met 
"tagged""  HPV eiwitten zijn beide goede methoden om antistoffen tegen natieve HPV 
eiwittenn te detecteren. 
-- dit proefschrift -

4.. Nagenoeg 100 % van de cervixcarcinomen is HPV DNA positief, maar de minderheid 
vann de vrouwen met een HPV DNA positieve cervixuitstrijk ontwikkelt cervixcarcinoom. 

5.. Een gedetailleerde kennis van de mucosale immuniteit van de tractus genitalis van de 
vrouww is noodzakelijk voor een beter begrip van het natuurlijk beloop van een HPV 
infectiee en voor de ontwikkeling van vaccins tegen HPV. 

6.. Het ideale HPV vaccin zal niet makkelijk te ontwikkelen zijn gezien de vele 
verschillendee HPV typen verspreid over de wereld. 

7.. Dimers are a girl's best friend. 
-- Nature Medicine 1997; 11:1199 -

8.. De hele kunst van het spreken is begrepen worden. 

-- Confucius -

9.. In tennis love means nothing, in life love means everything. 

10.. Nader het en er is geen begin, volg het en er is geen eind. 
-- Lao Tzu -

Mingg Yu Tjiong, 19 juni 2001 
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