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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. 

Introduction 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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