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Chapterr 1 

GENERALL INTRODUCTION 



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. 
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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. 
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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. 
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Outlinee 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. 
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