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ABSTRACT 
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Oncogenic human papillomaviruses (HPVs) are implicated in 99.7 % of 
cervical cancer cases but require the co-operation of other factors.  
To investigate potential genetic risk factors we have typed the HLA class II 
DRB1 and DQB1 loci in 478 women diagnosed with cervical carcinoma in 
situ and in 608 age-matched controls. Quantitative measurements of HPV 
16, HPV 18/45 and HPV 31 were obtained. The DRB1*1501 and 
DQB1*0602 alleles were found to increase the risk of HPV 16 infection. 
Carriers of DRB1*1501 and DQB1*0602 were also shown to have an 
increased risk of a higher viral load compared to non-carriers. The 
DRB1*1301 and DQB1*0603 alleles were found to protect from HPV 18/45 
and 31 infections as well as resulting in a lower viral load in carriers 
compared to non-carriers. Women with a high HPV 16, 18/45 or 31 viral 
load were more prone to long-term infections and women with a low HPV 
16 viral load were more prone to short-term infections. Carriers of 
DRB1*1501 and DQB1*0602 alleles were also shown to have an increased 
risk of long-term infections compared to short-term infections. We also 
tested if an HPV susceptibility locus found for epidermodysplasia 
verruciformis (EV) was linked to HPV susceptibility in cervical cancer. We 
did not find any linkage to this locus in a set of 77 families, each with at 
least three cases diagnosed with cervical carcinoma in situ. Other potential 
risk factors we tested were HPV 16 E6 variants together with a p53 codon 72 
polymorphism and HLA class II alleles. We found an association between 
the E6 L83V variant and the HLA DR4-DQ3 haplotype, as well as an 
increased frequency of carriers of Arg homozygosity of p53 in women 
infected with the L83V variant. These results show that alleles at HLA class 
II loci represents risk factors for persistent HPV infection and thereby also 
contribute to the risk of development of cervical carcinoma in situ. 
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Abbreviations 

Akt Protein kinase B 
Arg Arginine 
ATP Adenosine triphosphate 
APC Antigen presenting cell 
ASCUS Atypical squamous cells of undetermined significance 
Bp Base pair 
CIN Cervical intraepithelial neoplasia 
CIS Cancer in situ 
CTL Cytotoxic T-lymphocyte 
DNA Deoxyribonucleic acid 
EL European like 
EV Epidermodysplasia verruciformis 
HC-II Hybrid Capture II 
HIV Human immunodeficiency virus 
HLA Human leukocyte antigen 
HPV Human papillomavirus 
HSIL High-grade squamous intraepithelial lesion 
HSV Herpes simplex virus 
IFN Interferon (-β, -γ) 
IL Interleukin (-10,-18) 
LCR Long control region 
LSIL Low-grade squamous intraepithelial lesion 
MAPK Mitogen-activated protein kinase 
NEL Non-European like 
OC Oral contraceptive 
ORF Open reading frame 
Pap Papanicolau smear/test 
PCR Polymerase chain reaction 
PI3K Phosphatidylinositol 3-kinase 
Pro Proline 
PPV Positive predictive value 
Rb Retinoblastoma 
SIL Squamous intraepithelial lesion 
STD Sexually transmitted disease 
T-cell T lymphocyte 
TNF-α Tumor necrosis factor α 
VLP Virus like particles 
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INTRODUCTION 

Cervical cancer 
 
Cancer of the uterine cervix is the 3rd most common cancer in 
women, accounting for 9.8 % of all new invasive cancer cases 
worldwide 1990 (21 % breast cancer, 10.1 % colon/rectum cancer) 
(Parkin et al., 1999). It has been pointed out that the association 
between HPV and cervical cancer is higher than the association 
between smoking and lung cancer and only the association between 
the chronic carrier state of hepatitis B infection and liver cancer is 
stronger (Franco, 1995). 
 
Cervical cancer is believed to be a disease that develops progressively 
through different stages of cell changes, going from normal epithelium 
to invasive carcinoma. The nomenclature for these stages depend on 
the classification system used. In this thesis three reference systems 
will be used, type of dysplasia (Burghardt, 1973), the CIN system and 
the Bethesda system (Nguyen and Nordqvist, 1999) (Table 1). The 
great majority of the range of grades of dysplasia can be attributed to 
HPV infection, particularly with cancer-associated HPV variants 
(Schiffman et al., 1993). HPV infection occurs before cervical 
neoplasia has developed (Liaw et al., 1999). HPV infection requires 
the availability of epidermal or mucosal epithelial cells that are still 
able to proliferate (basal layer cells). 

 
In squamous cervical carcinoma the infection occurs in micro lesions 
of “the transformation zone”. This fragile site is located at the junction 
between the ectocervix, which is covered with squamous cells, and the 
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endocervix, lined with columnar epithelial cells (Burghardt and Ostor, 
1983). After the initial HPV infection, a stepwise morphologic 
development has been proposed (Figure 1), including a gradual 
increase of immature epithelial cells. From the cancer in situ stage, 
invasive cancer develops when abnormal immature epithelial cells 
traverse the basal membrane and invade the underlying stroma. Even 
though the earlier stages of CIN are more likely to regress than the 
later, the likelihood of CIN 3 regressing have been estimated to be as 
high as 33 %. Approximately 10 % of CIN 1 and 20 % of CIN 2 cases 
progress to CIN 3 and subsequently, at least 12 % of these CIN 3 
cases progress to invasive carcinoma (Arends et al., 1998). 
This paradigm of cervical cancer progression through intermediate 
discrete stages has been challenged. It has been proposed that de novo 
high grade lesions can rapidly appear following HPV infection (Bosch 
et al., 1997). 
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Biology of papillomaviruses 
 
Papillomaviruses are small, nonenveloped viruses belonging to the 
Papovaviridae family (de Villiers, 1994; zur Hausen, 1994). To date, 
85 HPV types have been identified and fully sequenced (zur Hausen, 
1999). Thus far all identified types seem to be strictly epitheliotropic: 
they infect epithelial cells either of the skin or of the anogenital and/or 
oropharyngeal mucosa (zur Hausen, 2000). Human papillomaviruses 
fall into two broad groups: low risk types, associated with cervical 
condylomas and CIN 1; and high risk types that are associated with 
cancer. Using data from 11 different case-control studies conducted in 
many areas of the world, the list of carcinogenic HPV types now 
includes HPV 16, 18, 31, 33, 35, 45, 51, 52, 58 and 59 (Munoz, 2000). 
 
The HPV genome consists of a circular double-stranded DNA with a 
length of about 8000 nucleotides divided into three segments; an early 
(E) region comprising six genes, a late region (L) that encodes two 
structural proteins, and a non-coding region known as the long control 
region (LCR)(Figure 2; Example of HPV 16 genome). 

 
The late genes, L1 and L2, are highly conserved between all 
papillomaviruses (Bernard et al., 1994) and encode the capsid 
proteins. Following their synthesis, these proteins are directed to the 
cell nucleus, where viral particle assembly takes place (Zhou et al., 
1991a). These viral proteins are expressed exclusively in productive 
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infections occurring in differentiated keratinocytes. The product of the 
E4 gene is expressed one or two cell layers before L1 and L2 in 
premalignant lesions associated with HPV 16 (Doorbar et al., 1997). 
The E4 gene product seems to be involved in the maturation and 
replication of the virus and the release of papillomavirus particles 
(Park et al., 1995). This is supported by the localisation to keratin 
filaments and the ability of HPV 16 E4 to collapse the cytokeratin 
networks (Doorbar et al., 1991; Roberts et al., 1993). Expression of 
HPV18 E4 can induce cell cycle arrest at the G2/M boundary. This 
activity seems to be independent of the E4-mediated collapse of 
cytokeratin intermediate filament structures, which suggests that E4 
may contribute to the regulation of the viral life cycle by modulating 
the host cell division cycle (Nakahara et al., 2002). The same G2 
arrest activity has also been reported for HPV 16 E4 (Davy et al., 
2002). 
The E1 gene product forms a complex with E2 and binds to the viral 
origin of replication, thereby initiating DNA replication activity 
(Sedman et al., 1997). The bovine papillomavirus E1 protein has 
several other reported activities that are normally associated with viral 
initiator proteins such as DNA dependent ATPase activity, helicase 
and unwinding activity (Seo et al., 1993; Thorner et al., 1993; Wilson 
and Ludes-Meyers, 1991; Yang et al., 1993). DNA unwinding activity 
has also been reported for the HPV 11 E1 protein (Lin et al., 2002). 
The full-length E2 gene product can repress transcription from the 
HPV promoters that govern expression of the E6 and E7 genes 
(Thierry and Howley, 1991). The E2 protein is specifically inactivated 
in HPV 18 carcinoma cells, suggesting that E2 functions prevent 
carcinogenic progression. This is supported by the finding that above 
a threshold level of expression, the E2 protein induces apoptosis 
independently of other viral functions (Demeret et al., 2003). 
However, E2 repression of the transcription of the E6 and E7 
oncogenes has no effect on episomal viral DNA (Bechtold et al., 
2003). Little is known about the function of E5 but it has been 
suggested that HPV 16 E5 protects cells from apoptosis by enhancing 
the PI3K-Akt and ERK1/2 MAPK signal pathways (Zhang et al., 
2002). 
HPV E6 and E7 proteins have the potential to immortalise epithelial 
cells (Halbert et al., 1991; Hawley-Nelson et al., 1989). Mutational 
analysis has shown that both E6 and E7 are required for efficient 
immortalisation of primary human genital tract keratinocytes (Hudson 
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et al., 1990). It has also been reported that inactivation of the Rb/p16 
pathway by E7, in combination with telomerase activity, is sufficient 
for immortalisation but the efficiency is increased with the 
cooperation of E6 (Kiyono et al., 1998). Their oncogenic potential is 
further supported by the finding that murine cell lines expressing HPV 
16 E6 and E7 can form metastases in a nude mouse model (Chen et 
al., 1993). Both E6 and E7 are necessary for the episomal maintenance 
of HPV where the balance between E6 and E7 function seems to be 
critical (Park and Androphy, 2002). HPV E6 proteins can inhibit 
apoptosis both in a p53 dependent and a p53 independent manner. 
HPV 18 E6 has been shown to inhibit Bak-induced apoptosis by an 
interaction between the E6 and Bak proteins resulting in degradation 
of the Bak protein (Thomas and Banks, 1998). 
Continuous expression of both the E6 and the E7 protein are required 
to maintain optimal proliferation of HeLa cervical carcinoma cells 
suggesting that strategies that inhibit the expression or activity of 
either viral protein are likely to inhibit growth of HPV-associated 
cancers (DeFilippis et al., 2003).  
 

HPV and risk of disease 
 
The International Agency for Research on Cancer (IARC) has 
performed a number of studies in countries around the world to collect 
data on HPV and invasive cervical cancer (Munoz, 2000). It has 
previously been shown that HPV types 16, 18, 31 and 45 are found in 
80 % of cases with cervical cancer (Bosch et al., 1995). The negative 
specimens from the previous study were histologically reviewed and 
new type-specific primers for E7 for 14 high-risk HPV types were 
used. Combining the new data with the previous data the HPV 
prevalence in invasive cervical carcinoma reached 99.7 % 
(Walboomers et al., 1999). HPVs have also been established to cause 
a subset of head and neck cancers, reviewed by Gillison et al. 
(Gillison and Shah, 2001). 
HPV genomes are maintained as episomes in the nucleus of normal 
infected cells. However, in cervical intraepithelial neoplasias (CINs) 
and even more frequently in cancers, HPV genomes are found 
integrated into the human chromosomes (Badaracco et al., 2002; 
Nagao et al., 2002; Peitsaro et al., 2002). During integration of the 
viral genome, a portion of the E2 gene is frequently deleted. 
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Disruption of the E2 gene shows a positive correlation with cervical 
lesion progression, particularly from LGSIL to HGSIL (Tonon et al., 
2001). There is also a strong relationship between persistence of the 
HPV infection and incidence of squamous intraepithelial lesions 
(SILs), particularly in HPV 16 and 18 (Schlecht et al., 2001). HPV 
infections with a high viral load seem to produce chronic cervical 
dysplasia (Ho et al., 1995; Schlecht et al., 2003). Coinfection with 
other HPV types does not seem to affect persistence of infection 
(Rousseau et al., 2001). The risk of persistent infection increases with 
age (Hildesheim et al., 1994). An E6 CTL response seems to be 
important in clearing an HPV infection. This has been shown by 
comparing HPV 16 E6 CTL responses between women who cleared 
their HPV 16 infection and women with persistent HPV infection, the 
same correlation could not be demonstrated for E7 (Nakagawa et al., 
2000). It has also been suggested that women infected with HPV 16 
that carry the E6 variant L83V have an increased risk of persistent 
infection (Londesborough et al., 1996). 
 

The immune system 
 
The two functions of the immune system that may play a role in the 
defence against and clearance of an HPV infection are the innate and 
the adaptive immune responses. The innate immunity is the first line 
of defence against infections. Some components of innate immunity 
are functioning at all times even before infection; including barriers to 
mucosal surfaces. Other components of innate immunity are normally 
inactive but in the presence of infectious agents they respond rapidly; 
these components include phagocytes, natural killer cells (NK cells), 
immunomodulatory cytokines and the complement system. In the 
active state the innate immune system acts by destruction of the 
affected cells and the pathogen. The innate immune responses 
stimulate subsequent adaptive immunity by providing signals that are 
essential for initiating the responses of antigen-specific T and B 
lymphocytes. Effector and memory lymphocytes generated by 
lymphocyte activation then leave the peripheral lymphoid organs and 
are capable of locating antigens at any peripheral site. 
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The human major histocompatibility complex (MHC) includes several 
genes that are important for the immune system (Figure 3). Human 
MHC molecules are also called human leukocyte antigens (HLA). 
 

 
Figure 3. Schematic map of the human MHC loci. 
 
The two types of polymorphic MHC genes, namely the class I and 
class II MHC genes, encode two groups of structurally distinct but 
homologous proteins. Class I MHC molecules are expressed by all 
cells and present peptides to and are recognised by CD8+ T cells, and 
class II molecules are expressed by antigen presenting cells (APCs) 
and present peptides to CD4+ T-cells. Each individual expresses the 
MHC alleles on both chromosomes, which maximises the number of 
MHC molecules available to bind peptides for presentation to T-cells. 
Each MHC molecule consists of an extracellular peptide-binding cleft, 
followed by a pair of immunoglobulin-like domains and is anchored to 
the cell by transmembrane and cytoplasmic domains. Class I 
molecules (HLA-A, HLA-B and HLA-C) are composed of one α-
chain encoded in the MHC and a second non-MHC encoded chain the 
β2-microglobulin. Class II molecules (HLA-DR, HLA-DQ and HLA-
DP) are made up of two MHC encoded polypeptide domains, the α- 
and β-domain. Within the class II locus are genes that encode several 
proteins that play critical roles in antigen processing. One of these 
proteins, called the transporter associated with antigen processing 
(TAP), is a heterodimer that transports peptides from the cytosol into 
the endoplasmic reticulum, where the peptides can associate with 
newly synthesised class I molecules. Other genes in this cluster 
encode subunits of a cytosolic protease complex, called the 
proteasome. From cytosolic proteins, the proteasome generates the 
peptides that are subsequently presented by class I MHC molecules. 
Another pair of genes, called HLA-DMA and HLA-DMB, encode a 
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non-polymorphic heterodimeric class II-like molecule, called HLA-
DM, that is involved in peptide binding to class II molecules. Between 
the class I and class II gene clusters, are genes that code for several 
components of the complement system; three structurally related 
cytokines, tumor necrosis factor, lymphotoxin, and lymphotoxin-β; 
and some heat shock proteins. The genes within the MHC that encode 
these diverse proteins have been called class III MHC genes. In the 
MHC class I region are many genes that are called class I genes but 
exhibit little or no polymorphism. Some of these encode proteins that 
are expressed in association with β2-microglobulin and are called IB 
molecules, to distinguish them from the classical polymorphic class I 
molecules. Among the class IB molecules is HLA-G, which may play 
a role in antigen recognition by natural killer (NK) cells, and HLA-H, 
which appears to be involved in iron metabolism and has no known 
function to the immune system (Abbas et al., 2000). 
 

HPV escape of immune surveillance 
 
Even though much is known of how the immune system works, the 
natural control of HPV infections in the cervix remains unclear. The 
major problem in studying the immune response is that HPVs will 
only replicate in specific differentiation stages of epithelia, which 
prevents the use of in vitro culture methods for HPV production 
(Stern, 1996). Since only a fraction of the women who contract an 
HPV infection develop cervical cancer, it has been proposed that HPV 
is able to evade the immune surveillance in some women and that this 
would increase the risk of disease. It has been shown that 
immunosuppression, either as a result of therapy or as a consequence 
of HIV infection, is associated with a significantly increased risk of 
HPV induced cervical neoplasia, via inhibition of CD4+-lymphocyte 
activation (Eckert et al., 1999; Petry et al., 1994; Rudlinger et al., 
1986). There is a significantly reduced number of CD4 + T-cells in 
persistent cervical dysplasia compared to regressive dysplasia, which 
supports a decreased local immune response in persistent cervical 
dysplasia (Fukuda et al., 1993). Extra cellular HPV 16 E6 and E7 
proteins may inhibit IL-18-induced IFN-γ production locally in HPV 
lesions through the inhibition of IL-18 binding to its α-chain receptor 
(Lee et al., 2001). HPV E7 has also been shown to be able to suppress 
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expression of IFN-β and inhibit the functional effects of IFN-α 
(Barnard et al., 2000; Park et al., 2000). The down-modulating effects 
on IFNs by E6 and E7 indicate an additional mechanism by which 
HPV may evade the immune system. Additionally, E7 shows 
similarity to several human proteins at the structural level thereby 
increasing the possiblity of avoiding recognition as an antigen, further 
reducing immunogenicity (Natale et al., 2000). It has also been 
proposed that papillomaviruses have evolved in such way that the 
exposure of viral proteins to the immune system is limited. This is 
thought to be mediated by a limited availability of certain tRNAs in 
cells in different stages of differentiation, so that expression of the late 
genes are restricted to differentiated epithelial cells (Zhou et al., 
1999). 
Loss of MHC class I expression occurs by several different 
mechanisms and may offer various opportunities to escape immune 
surveillance (Brady et al., 1999; Connor and Stern, 1990; Keating et 
al., 1995; Koopman et al., 1998). However, HLA class I loss seems to 
occur when the tumour becomes invasive and is rarely found in pre-
invasive lesions (Glew et al., 1993; Torres et al., 1993). This is 
supported by the finding that HLA class I alterations are more 
pronounced in metastases (Hilders et al., 1995), especially in HLA 
B7/40 cases (Honma et al., 1994). 
 
The majority of squamous carcinomas express MHC class II antigens, 
although normal cervical squamous epitethelium is class II negative 
(Glew et al., 1992). DR expression is the most common followed by 
DP and DQ and their expression appears to be independent of HPV 
infection (Cromme et al., 1993; Glew et al., 1993). Expression of 
HLA-DR by keratinocytes (constituting 95 % of the cervical 
epithelium) in some high-grade lesions has been suggested to be 
induced locally by pro-inflammatory cytokines released by 
immunocompetent cells (Coleman and Stanley, 1994). However, this 
is not supported by the finding that in the same biopsy, there are 
different patterns of MHC expression in contiguous epithelial areas 
(Mota et al., 1998). There is a difference in the regulation of 
expression of HLA DR and DQ following the severity of disease, but 
the importance of this observation remains unclear. There may be a 
link between class II expression and specific alleles (Mota et al., 
1998). The pro-inflammatory cytokine TNF-α is expressed in normal 
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cervical eptihelium whereas the suppressive cytokine IL-10 is not. 
Both these cytokines are known to play a key role in regulating APC 
function. In CIN lesions, frequent up-regulation of IL-10 is observed 
as well as downregulation of TNF-α expression. The expression 
patterns of these cytokines are not correlated and are probably 
independently regulated. Although these events can act to limit 
effective immune responses in some lesions (Mota et al., 1999), 
experiments performed on cell-lines showed that IFN-γ and -β but not 
TNF-α have an effect on expression of HLA class II molecules 
(Bornstein et al., 1997). It has also been suggested that extracellular 
HPV 16 E6 and E7 proteins may inhibit IL-18 induced IFN-γ 
production locally in HPV lesions, which would counteract the up-
regulation of HLA class II expression by IFN-γ (Lee et al., 2001). 
 

Other risk factors 

Environmental risk factors 
 
HPV infection is necessary but alone is not sufficient to cause cervical 
cancer since only a fraction of women with HPV-persistent infection 
will eventually develop cervical cancer (Walboomers et al., 1999). 
Possible co-factors include hormonal factors (parity and use of oral 
contraceptives), infection with Chlamydia trachomatis or herpes 
simplex virus (HSV), nutritional deficiencies, modulators of the 
immune response to HPV, and HPV-linked co-factors such as viral 
types and genetic variants of the various HPV types (Bosch et al., 
1997; Daling et al., 1996; Ho et al., 1998a; Moscicki et al., 2001; 
Schachter et al., 1982; Ylitalo et al., 1999). Behavioural and biological 
risk factors for SILs are difficult to distinguish from risk for HPV 
infection since the absolute majority of SILs harbour HPV infections 
and women with no SIL have a lower probability of contracting an 
HPV infection. 
Case-control studies conducted in Colombia and Spain found that the 
number of sexual partners was not related to risk of cervical cancer 
when the analysis was stratified by HPV status. Increased risk of 
disease linked to early age at first sexual intercourse and to early 
pregnancy, were also shown to be surrogates for measures of early 
HPV infections (Munoz et al., 1992). In a study by Moscicki et al 
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(2001) significant risk factors for HPV infection in LSIL were found 
to be sexual behaviour, history of herpes simplex virus (HSV), and a 
history of vulvar warts. Current use of oral contraceptives (OC) 
showed a significantly protective effect. Cigarette smoking on the 
other hand was a risk specific to LSIL (Moscicki et al., 2001). Herpes 
simplex virus has previously been shown to increase the risk of HPV 
16 DNA negative invasive cervical carcinoma (Daling et al., 1996). 
Constituents introduced to the body through cigarette smoking can be 
measured in the cervix supporting the idea that smoking is an HPV 
independent carcinogen in cervical cancer development (Schiffman et 
al., 1987). A significant dose-dependent decrease in cell-counts of 
Langerhans’ cells in smokers has been reported, showing the ability of 
smoking to cause immune dysregulation (Barton et al., 1988). When 
the potential role of nutrition and risk of CIN was tested while 
adjusting for HPV positivity, no direct association was found but 
vitamins C and E may play an independent protective role in 
development of CIN (Ho et al., 1998b). A summary of risk factors for 
the development of cervical cancer is shown in Figure 4. 

Genetic risk factors 
 
Mutations of p53 have been found in many cancers, as reviewed by 
Soussi et al. 1994 (Soussi et al., 1994), but are rare in cervical cancer 
(Crook et al., 1992; Fujita et al., 1992). In cervical cancer, the viral 
oncoprotein E6 binds to wild-type p53 protein, leading to p53 
functional inactivation and rapid degradation via the ubiquitin-
proteasome pathway (Crook et al., 1991; Maki et al., 1996; Scheffner 
et al., 1990). However, it has been proposed that a naturally occurring 
polymorphism at codon 72 in p53 would increase the risk of cancer by 
a more rapid degradation of the p53 arginine form compared to the 
proline form (Storey et al., 1998). Several studies have failed to repeat 
this association (Helland et al., 1998a; Hildesheim et al., 1998; 
Josefsson et al., 1998).  
Another possible genetic risk factor that has been investigated is a 
polymorphism in the methylenetetrahydrofolate reductase (MTHFR) 
gene. It was shown that women with “mutant” MTHFR genotype who 
had children are at higher risk of CIN development (Piyathilake et al., 
2000). 
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Screening programs 
 
Programs for prevention of invasive cervical cancer based on 
cytological smears have achieved a considerable reduction in disease-
specific incidence and mortality (Laara et al., 1987). However, 
evaluation of the smear relies on subjective diagnostic parameters and 
is affected by a high-rate of false positive and false negative results. 
For example, 57 % of women with invasive disease had a normal 
cytology report <5 years prior to diagnosis (Hildesheim et al., 1999). 
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HPV DNA testing 
 
There are now techniques available to test for the majority of 
oncogenic HPV types involved in cervical cancer development. So 
far, the technique that has been most extensively used is Hybrid 
Capture II (HC-II)(Digene). This technique has proven to be a robust 
method with reproducible results (Castle et al., 2002a). The majority 
of women testing positive for oncogenic HPV types are normal by 
cytology and it is still difficult to predict the risk for these women to 
have a subsequent abnormal smear. In an attempt to measure this risk 
it has been estimated that approximately 15 % of women in annual 
screening programs who are positive for an oncogenic HPV type and 
normal by cytology will have a subsequent abnormal Pap test within 5 
years. However, women with negative HPV tests and who have 
normal cytology have a substantially decreased risk of developing 
high-grade cervical lesions or cancer (Castle et al., 2002b). 
 

The ALTS study 
 
ALTS stands for the ASCUS/LGSIL Triage Study. It is a multi-center 
randomised trial that compares the sensitivity and specificity of three 
management strategies to detect cervical intraepithelial neoplasia 
grade 3 (CIN 3): 1) immediate colposcopy (considered to be the 
reference standard), 2) triage to colposcopy based on human 
papillomavirus (HPV) results from HC-II and thin-layer cytology 
results, or 3) triage based on cytology results alone. Of the 3488 
women diagnosed with ASCUS that were enrolled 1163 were 
randomised to the immediate colposcopy arm. Assuming that the 
immediate colposcopy arm reflects the distribution of disease in the 
ASCUS trial, 5.1 % of the women had CIN 3 or worse. The other two 
arms were evaluated compared to the immediate colposcopy arm. HC-
II sensitivity reached 96.3 % whereas the conventional cytology arm 
reached only 44.1 % with a triage threshold of HSIL (high-grade 
squamous intraepithelial lesion) or above. The conclusion from this 
study was that HC-II testing for cancer-associated HPV DNA is a 
valuable option in the management of women with ASCUS. It has 
greater sensitivity and specificity to detect CIN 3 or above compared 
to a single additional cytologic test indicating ASCUS or above 
(Sherman et al., 2002; Solomon et al., 2001). 
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HPV testing compared to colposcopy and traditional cytology has 
been evaluated in several other studies. In 2000 Schneider et al. 
reported another multi-center study that compared the methods of 
colposcopy, conventional cytology and HPV screening using general 
primers and an enzyme immunoassay (EIA) to differentiate between 
high-risk and low-risk types. CIN 1 or worse were considered as test-
positive. Testing for high-risk HPV identified 78 cases missed by both 
cytology and colposcopy, 1 case was detected by cytology alone and 1 
by colposcopy alone. High-risk HPV testing achieved measures of 
89.4 % sensitivity and 93.9 % specificity compared to cytology (20 % 
and 99.2 % respectively) and colposcopy (13.3 % and 99.3 % 
respectively). The authors concluded that the most practical and cost-
effective benefit of high-risk HPV testing could be expected in women 
who are HPV-negative and could be screened less frequently 
(Schneider et al., 2000). 
 

Other potential markers for screening 

HPV viral load 
 
A high viral load in smears taken several years before diagnosis with 
normal cytology substantially increases the risk of developing cervical 
carcinoma in situ. Testing for the amount of HPV 16 DNA during 
gynaecological health checks could improve the ability to distinguish 
between infections that have a high or low risk of progressing to 
cancer (Josefsson et al., 2000; Ylitalo et al., 2000b). 
 

p16INK4a (cyclin-dependent kinase inhibitor gene) 
 
It has been suggested that expression of the gene p16INK4a (cyclin-
dependent kinase inhibitor gene) may be useful in screening for 
cervical cancer and its pre-stages. Expression of the viral oncogene E7 
leads to overexpression of p16INK4a. The Rb protein, which is 
inactivated by E7, inhibits transcription of p16INK4a in normal cells. 
Marked overexpression of p16INK4a has been observed in all CIN 1 
lesions except those associated with low-risk HPV types, in all CIN 2 
and 3 lesions as well as in almost all invasive cervical cancers (Klaes 
et al., 2001). Similar observations have been made in other studies 
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(Murphy et al., 2003; Saqi et al., 2002). This might be a sensitive and 
specific biomarker that could be used for the detection of dysplasias in 
cervical smears or biopsies. 
 

Vaccines 
 
The mechanical prevention of anogenital HPV infections that are 
transmitted by sexual contact is impractical. HPV infections are highly 
prevalent within the sexually active population and the use of 
condoms offers only limited protection in view of the common 
presence of virus-infected cells at external genital sites (zur Hausen, 
2002). In an attempt to dramatically reduce the number of cervical 
cancer cases worldwide, vaccines are currently being developed both 
for prevention of infection and therapeutic reasons. Three different 
types of vaccines are being developed; a) prophylactic vaccines to 
prevent infections of oncogenic forms of HPV, b) therapeutic vaccines 
to treat patients with dysplasias and more severe forms of cell changes 
caused by HPVs and finally, c) combinatory vaccines that are both 
prophylactic and therapeutic. 
Prophylactic vaccines are based on the use of virus-like particles 
(VLPs), that represent only the structural proteins L1 or L1 and L2, of 
papillomaviruses (Zhou et al., 1991b). The results of the first phase I 
trial using an HPV 16 L1 VLP vaccine show that the vaccine is well 
tolerated and is highly immunogenic even without adjuvant. The 
majority of recipients achieved serum antibody titers that were 40-fold 
higher than what is observed in natural infections (Harro et al., 2001). 
A phase I trial of an HPV 11 L1 VLP also shows promising results 
(Evans et al., 2001). Studies performed in cow, rabbit and dog have all 
shown that vaccination with homologous VLPs can protect from live 
virus challenge (Christensen et al., 1996; Kirnbauer et al., 1996; 
Suzich et al., 1995). A double-blinded study of an HPV 16 VLP 
vaccine with a primary end point of persistent HPV 16 infection 
showed that the vaccine reduced the incidence of both HPV 16 
infection and HPV 16 related cervical intraepithelial neoplasia 
(Koutsky et al., 2002). If this turns out to be an effective vaccine it 
could theoretically prevent more than 300 000 cervical cancer cases 
per year worldwide (zur Hausen, 2001). However, mathematical 
models developed to explore the population-level impact of an HPV 
vaccine show that vaccination of both women and men with an HPV 
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type-specific vaccine would only decrease the prevalence of that type 
by 44 % (using a certain set of assumptions). It is also possible that 
the reduction in disease may be less than the reduction of the 
prevalence of the HPV types that the vaccine protects against since the 
remaining high-risk types may replace their role in cancer 
development (Hughes et al., 2002). 
 
Therapeutic vaccines are mostly based on the viral oncogenes E6 and 
E7 because they are expressed through all stages of cervical neoplasia 
(Stern et al., 2000). Vaccination with DNA is highly efficient in the 
induction of a cytotoxic T-cell (CTL) response, but utilisation of a 
DNA vaccine has been hampered due to concern for the oncogenic 
potential of the E6 and E7 proteins. An E7 shuffled DNA was 
successfully used to generate CTL responses against the authentic E7 
protein in immunized mice, which could be a better alternative than 
using HLA allele restricted E7 peptides (Osen et al., 2000). A number 
of phase I clinical trials have been performed using HPV 16 E7 
peptide vaccines in different stages of disease. Steller et al. (1998) 
tested an HLA-A*0201 restricted, HPV-16 E7 lipopeptide vaccine in 
12 women expressing the HLA-A2 allele with refractory cervical or 
vaginal cancer. The vaccines in all trials have been well tolerated and 
all patients, except those with the most severe disease were able to 
mount an immune response to control the peptides. Even though 
regression was seen in a couple of cases with severe cell changes, this 
kind of therapeutic vaccine will be most effective against mild 
dysplasias and pre invasive cancer (Steller et al., 1998). Comparable 
results were obtained for similar HPV 16 E7 vaccines in HLA A*0201 
and HLA A2 positive patients (Muderspach et al., 2000; van Driel et 
al., 1999). 
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THE PRESENT INVESTIGATION 
 

Aims 
 
Paper I 
To study the associations of HLA class II DQ and DR alleles with the 
risk of developing cervical carcinoma in situ and HPV 16 positivity. 
 
Paper II 
To study the association of the HLA class II allele DQB1*0602 with 
viral load of HPV 16, as well as the association of viral load of HPV 
16 with persistence of infection. 
 
Paper III 
To investigate whether a locus linked to HPV susceptibility in 
epidermodysplasia verruciformis (EV) is also linked to HPV 
susceptibility in cervical carcinoma in situ and to study whether HPV 
16 positivity clusters in families. 
 
Paper IV 
To study the association between the previously suggested risk factors 
of cervical cancer (HLA class II alleles, p53 codon 72 polymorphism, 
HPV 16 E6 variants) and risk of developing cervical carcinoma in 
situ. 
 
Paper V 
To study the association of viral load of a range of HPV types (16, 
18/45 and 31) with HLA class II alleles and with persistence of 
infection of HPV 16, 18/45 and 31. 
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RESULTS AND DISCUSSION 

HLA class II alleles associated with infection by HPV16 in cervical 
cancer in situ (paper I and V) 
 
Several HLA class II alleles have been shown to be associated to risk 
of cervical cancer (Apple et al., 1994; Gregoire et al., 1994; Helland et 
al., 1998b; Wank and Thomssen, 1991). The most commonly reported 
alleles are DQB1*03, DRB1*1501/DQB1*0602 and 
DRB1*1301/DQB1*0603. The associations found for these alleles 
were reviewed by Hildesheim and Wang (Hildesheim and Wang, 
2002). The results for alleles associated with an increased risk of 
cancer development have not been consistent among studies. It is 
believed that HLA molecules that bind HPV antigens with high 
affinity would give protection against disease, while HLA molecules 
that are not as capable of binding HPV antigens would confer an 
increased risk of disease. One could hypothesise that it would be 
enough to have one HLA molecule that has a high antigen affinity to 
reach a measurable protective effect, which could partly explain the 
higher consistency between studies regarding the protective alleles. 
In our studies, we have used case-control material consisting of 478 
cases diagnosed with cervical carcinoma in situ and 608 controls, with 
smears taken during the period 1969-95 (Ylitalo et al., 2000a; Ylitalo 
et al., 1999). In paper I, HPV 16 and β-actin was detected using a real-
time PCR assay (Taqman) developed in the group (Josefsson et al., 
1999). We successfully typed 433 cases and 469 controls for the HLA 
DRB1 locus and 440 cases and 476 controls for the HLA DQB1 locus 
using a smear from each woman containing the highest amount of 
DNA (β-actin). HPV 16 was measured in all smears from each 
woman. A woman was considered positive if at least one smear tested 
positive. The carrier frequencies between cases and controls and HPV 
16 positive cases and controls were compared using chi-square 
statistics. A summary of the results is shown in Table 2. Due to the 
number of alleles, a large number of statistical tests were performed, 
which increases the risk of finding false positives. We therefore 
corrected our p-values for multiple testing by data randomisation. The 
HLA genotypes were randomised 5000 times while keeping the 
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phenotype status constant. From each randomisation, the lowest p-
value was saved into an array of lowest p-values from each of the 
5000 randomisations. The original uncorrected p-value was then 
compared to the p-values in the array and the new corrected p-value 
was calculated as the proportion of p-values lower than the original p-
value. After the correction, two alleles remained significantly different 
between HPV 16 positive cases and controls, DRB1*1501 and 
DQB1*0602. These alleles are in linkage disequilibrium and are found 
on the same haplotype in about 95 % of the cases. To test whether 
these two alleles were primarily associated with risk of HPV 16 
infection or development of cervical carcinoma in situ, the frequency 
among infected individuals was compared to uninfected individuals. 
For both alleles there was a significant difference between infected 
and uninfected women. The magnitude of this association was similar 
in both cases and controls when analysed separately. Consequently, 
the association is not caused by interaction with cancer status. Carriers 
of these alleles have a higher risk of having an HPV 16 infection and 
this indirectly increases the risk of cervical cancer development. 
A more sensitive detection system, developed by Moberg et al. was 
used to detect and quantify a series of high-risk HPVs including HPV 
16, 18/45 and 31. HPV 18 and 45 were amplified with different 
primers but detected with the same probe in the real-time PCR assay 
(Taqman), making them indistinguishable in the analysis. For the 
HPV 16 positive cases, the same allelic associations as before were 
found with the new typing system. Three alleles were found to be 
protectively associated with HPV 18/45 positive cancer; DRB1*0101, 
DRB1*1301 and DQB1*0603, of which the last two were also 
associated with HPV 31 positive cancer. The DRB1*0701 allele was 
found to be significantly associated with an increased risk of HPV 31 
positive cancer. A summary of these associations is shown in table 2. 
 
Our study is one of the largest studies so far concerning HLA alleles 
and risk of disease. The results show that the alleles 
DRB1*1501/DQB1*0602 increases the risk of cervical carcinoma in 
situ. This association has previously been found to be HPV 16 specific 
(Apple et al., 1994). Our results show that these alleles increase the 
risk of cervical cancer by increasing the risk of an HPV 16 infection. 
In subsequent studies we could demonstrate that this increase of HPV 
susceptibility does not appear to include HPV 18/45 or HPV 31.  
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Few of the studies that have been performed have applied correction 
for multiple testing. Due to the number of comparisons performed, 
dependant on the number of alleles, this should be done to avoid false 
positives. Most studies have been too small making exclusion of true 
positives a problem even when not correcting for multiple 
comparisons. Also, most of the alleles are too rare to be able to offer a 
significant association unless they give a very strong effect or the 
study includes a very large cohort of cases and controls. 
In our study we did not find any evidence for the risk association of 
the DQB1*03 alleles. This association has previously been seen in 
Norwegian (Helland et al., 1998b) and Swedish (Sanjeevi et al., 1996) 
women, so the reason for the inconsistency does not seem to be due to 
ethnic differences. We found several other alleles to be associated to 
cervical carcinoma in situ or with HPV type-specific disease. None of 
these associations were significant when correcting for multiple 
testing except for the DRB1*1501 and DQB1*0602 alleles with HPV 
16 positive cancer. However, when comparing with other studies there 
are certain consistencies. The HLA DRB1*0701 allele has previously 
been associated with an HPV 16 specific risk increase of disease 
(Bontkes et al., 1998; Brady et al., 1999), and in our study the same 
association was found (p=0.007 without correction, p=0.103 with 
correction). This association was also found when looking at HPV 31 
cases compared to controls (p=0.022). HPV 16 and 31 are closely 
related which could explain why the HPV specificity concerns two 
different types. We could also see an increased risk of disease, though 
not HPV type-specific for DRB1*0801, this association has not been 
reported by others and is therefore likely to be a false positive. The 
DQB1*0402 allele is in linkage disequilibrium with DRB1*0801 in 
the Swedish population and also shows some association with disease 
(p=0.023). This association has been reported previously (Montoya et 
al., 1998). However, the number of studies that have been performed 
increases the risk of chance findings. The DRB1*0101 and 
DQB1*0501 showed a decrease in the risk of developing disease in 
our study, consistent with a trend for a protective effect seen for 
DQB1*0501 in other studies (Cuzick et al., 2000; Odunsi et al., 1996). 
This is probably also a chance finding that has occurred more than 
once. The alleles that have been found to increase the risk of cervical 
cancer seem to act in different ways to evade immune surveillance 
since the DRB1*1501/DQB1*0602 alleles appear to be HPV 16 
specific, while the DQB1*03 alleles show no HPV specificity. 
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Hildesheim and Wang (2002) conclude that there has been some 
consistency regarding the protective effect of 
DRB1*1301/DQB1*0603 alleles. In nine out of 19 studies, a 
significant protective effect was reached and in 18 of these 19 there 
was some evidence for protection (Hildesheim and Wang, 2002). In 
our first study (paper I), there was an indication of a protective effect 
of these alleles, but the association disappeared when applying the 
correction for multiple testing. In the follow up study (paper V), we 
found a protective effect of these alleles for HPV 18/45 positive as 
well as for HPV 31 positive cervical carcinoma in situ. There was also 
a significant protective effect for HPV 16 positive disease for the 
DRB1*1301 allele but not for the DQB1*0603 allele. 

HLA class II alleles and the association with viral load (Paper II 
and V) 
 
In paper II we proceeded with the results from paper I using the fact 
that HPV 16 was detected in a quantitative way using a real-time PCR 
assay (Taqman assay) developed in the group (Josefsson et al., 1999). 
The results using that assay have shown that an increased viral load in 
normal smears can dramatically increase the risk of developing 
cervical carcinoma in situ several years later (Josefsson et al., 2000). 
This was further supported by the finding that an increased viral load 
in women with normal cytology confers an increased risk of 
developing a CIN lesion and that women with an increased viral load 
also have a decreased chance of viral clearance and of cytologic 
regression (Schlecht et al., 2003; Sun et al., 2002; van Duin et al., 
2002). Since we concluded that the HLA alleles DRB1*1501 and 
DQB1*0602 alleles increase the risk of having an HPV 16 infection, 
we also wanted to test whether these alleles increase the risk of an 
increased viral load of HPV 16. Using a simple t-test comparing the 
viral load between carriers of the haplotype DRB1*1501-DQB1*0602 
and non-carriers we found a significant difference (p=0.017) as well 
as for the separate alleles. To visualise this difference and to test for a 
trend, all HPV 16 positive women were divided into five percentiles 
depending on their mean Ct-value (viral load). The mean Ct-values 
were calculated as the mean Ct of all HPV 16 positive smears from a 
woman. The Ct-value for each smear is measured as the cycle where 
the fluorescence in the Taqman assay passes the detection threshold. 
Therefore, the Ct-value will be higher with lower viral load, while a 
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Ct-value of 50 is considered negative. Mantel-Haenszel statistics were 
used to test for a correlation between HLA carrier frequency and viral 
load. A positive association was found between the carrier frequency 
of the haplotype DRB1*1501-DQB1*0602 and increased viral load 
(p=0.005). To test whether this haplotype may affect viral load early 
in infection history, we used the viral load of the first smear and 
divided the women into new percentiles. Also, when using the first 
smear, a significant positive association was found between carrier 
frequency of the haplotype DRB1*1501-DQB1*0602 and HPV 16 
viral load (p=0.004). The same analyses were performed on individual 
alleles and similar results were obtained.  
 
The new detection system by Moberg et al. showed that increased 
viral load of HPV 18/45 and 31 increases the risk of cancer 
development although not as much as HPV 16 (Moberg et al., ). The 
new data on HPV 16, 18/45 and 31 viral load, together with our HLA 
class II data, was used to confirm our previous results as well as look 
for specific combinations of other HLA alleles with HPV 18/45 and 
31 viral load. The HLA alleles that were found to increase or decrease 
risk of HPV 18/45 and/or HPV 31 positive cancer were further 
investigated. The mean viral load for infected carriers was compared 
to that of infected non-carriers of the tested alleles using a t-test (Table 
3). The results confirm the increase in viral load of HPV 16 in carriers 
of the DRB1*1501 and DQB1*0602 alleles found in paper II. The 
results show that carriers of the protective alleles DRB1*1301 and 
DQB1*0603 have lower viral load of HPV 18/45 and 31 compared to 
carriers of other HLA alleles. There was also a significant increase in 
HPV 16 viral load among carriers of the DRB1*0701 allele compared 
to non-carriers. The same trend of higher carrier frequencies of 
DRB1*1501 and DQB1*0602 with higher viral load of HPV 16 was 
seen when dividing all positive women into percentiles. However, 
there was no trend of increased carrier frequency of DRB1*0701 with 
an increased viral load of HPV 16. HPV 16, HPV 18/45 and HPV 31 
positive women were divided into four percentiles depending on the 
mean Ct of all their positive smears. There was a clear decrease in 
carrier frequency of the protective alleles DRB1*1301 and 
DQB1*0603 with higher viral load in the different percentiles. 



24 
 



25 

Testing for a trend showed a significant negative association between 
carrier frequency of the individual alleles and HPV 18/45 titer. In 
paper II we also tested whether there would be any additive 
information to the positive predictive value (PPV) by typing the HLA 
allele locus in addition to measuring viral load of HPV 16. There was 
no increase in PPV adding information on HLA status. 
In summary, these studies show that there are HLA alleles that acts as 
susceptibility or protective alleles against cervical cancer and that 
these alleles affect the viral load of the infecting virus. The protective 
alleles that we found have been found in the majority of previously 
performed association studies. The strongest associations of these 
alleles have been found where there is a higher prevalence of HPV 18 
and 45. Also, the DRB1*1501-DQB1*0602 has been consistently 
found in the Scandinavian population (Helland et al., 1998b; Sanjeevi 
et al., 1996) but has not been found as consistently in other 
populations (Montoya et al., 1998; Sastre-Garau et al., 1996). This 
might be explained by the fact that these alleles are more rare in those 
populations as compared to the Swedish and that the prevalence of 
HPV 16 is lower (Bosch et al., 1995). 

HPV viral load, HLA alleles and risk for persistence (Paper I, II 
and V) 
 
Persistence of infection has been shown to increase the risk of cervical 
cancer development (Ho et al., 1995; Schlecht et al., 2001). In our 
study several smears were taken at different times from each woman, 
with a mean of 3.1 smears per control and 4.4 smears per woman with 
the total number ranging from 1 to 24 per woman. In the normal 
Swedish screening program, women get called every third year for 
sampling. To study the relationship between viral load and 
persistence, we used women with more frequent sampling than the 
normal screening program. The women were divided into groups with 
short-term infections (less than one year) and groups with long-term 
infections (more than one year) for each HPV type (16, 18/45 and 31). 
In paper II, the women with long-term and short-term infections were 
divided into the same percentiles as previously used for mean Ct-
values from all HPV 16 positive women. A striking difference was 
seen in the frequency of short-term and long-term infections among 
the different Ct-percentiles (Figure 3, paper II). To test statistically the 
difference in viral load between women with long-term and short-term 
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infections compared to women with other infection histories, we used 
a t-test. A significant difference in viral load was seen between 
women with long-term infections and other infection histories 
(p=0.0001), as well as between women with short-term infections and 
other infection histories (p=0.0001). In paper V we also studied 
persistence of infection and viral load of the different HPV types. In 
paper V, HPV 16, 18/45 and 31 positive women were divided into 
four percentiles because of the reduced number of women in each 
group. Also, we used the Ct-value from the first HPV positive smear 
instead of the mean Ct-value of the infection. This measurement 
should be more interesting since this shows the value of viral load as a 
predictor of persistence of infection. The HPV positive women were 
divided into long-term and short-term infections for the different HPV 
types, although more strictly than before. For HPV 16, higher viral 
load resulted in more long-term infections and lower viral load 
resulted in more short-term infections. For HPV 18/45 and HPV 31, 
an increased viral load resulted in more long-term infections but we 
could not see a pattern of lower viral load resulting in more short-term 
infections (Paper V, Table 5). 
In paper I, we attempted to link persistence of HPV 16 infection to the 
alleles DRB1*1501 and DQB1*0602. This resulted in a trend of 
higher carrier frequencies among women with long-term infections 
compared to women with short-term infections, but the difference was 
not significant. In paper II and V we have shown that carriers of the 
risk haplotype DRB1*1501-DQB1*0602 have a significantly higher 
viral load than non-carriers. We have also shown that women with a 
higher viral load have an increased risk of more long-term infections 
and that women with lower viral load have more short-term infections. 
This implies that women carrying the risk haplotype DRB1*1501-
DQB1*0602 have an increased risk of having more long-term 
infections. In paper V we used a more sensitive method to measure 
HPV 16 DNA and more strict limits for women in the long-term and 
short-term group. Subsequently, we did the same analysis as in Paper I 
to test the risk haplotype versus infection history. The women 
included were divided into long-term and short-term infection groups 
and into carriers and non-carriers of the DRB1*1501-DQB1*0602 
haplotype. There was a significantly higher carrier frequency of the 
DRB1*1501-DQB1*0602 haplotype in the long-term group compared 
to the short-term group (chi-square test, p=0.004). It would have been 
interesting to repeat the same kind of analysis for the protective alleles 
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and the infection history of HPV 18/45 and 31 this could not be done 
because of the low number of observations. In summary, carriers of 
the risk haplotype DRB1*1501-DQB1*0602 have a higher risk of an 
increased viral load and more long-term infections, which secondarily 
increases their risk of developing cervical carcinoma in situ. The same 
results were found when analysing the alleles individually. Biological 
studies would be needed to determine if it is one of the alleles, the 
haplotype or something in linkage disequilibrium with the alleles, 
which gives the effect. 

Susceptibility locus for epidermodysplasia verruciformis not 
linked to cervical cancer in situ (paper III) 
 
Epidermodysplasia verruciformis (EV) is a rare skin disease, which 
results from an abnormal genetically determined susceptibility to a 
subset of HPV types (HPV 5 among others). In 1999, Ramoz et al 
reported linkage to 1 cM region between markers D17S939 and 
D17S802 in a set of three consanguineous families with EV using 
homozygosity mapping (Ramoz et al., 1999). This region overlaps 
with a region previously shown to contain a locus for susceptibility to 
familial psoriasis (Tomfohrde et al., 1994). Psoriasis patients are 
frequently found to be infected with HPV 5 (Favre et al., 1998). 
 
To test if this susceptibility locus for HPV in epidermodysplasia 
verruciformis is also linked to HPV susceptibility in cervical cancer, 
we used a Swedish family material where at least three members had 
been diagnosed with cervical carcinoma in situ. For a family to be 
included, a biopsy from at least two family members had to be 
obtained. In total, 77 families with a total of 224 individuals 
diagnosed with cervical carcinoma in situ were used. The family 
structures are shown in figure 5. DNA was extracted from formalin-
fixed and paraffin-embedded biopsies collected from the national 
pathology archives. Genotypes were obtained from 207 of the 224 
individuals for at least one of the two markers. No linkage was found 
independent of whether all cases were considered as affected or only 
HPV 16 positive cases were considered. Using all cases as affected 
assumes that with cervical carcinoma in situ, all cases are infected 
with some type of oncogenic HPV. The results were also independent 
of the model used, dominant or recessive with rare or common disease 
allele frequency. We also wanted to test if HPV 16 positivity clusters 
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in families. The observed distribution of HPV 16 positivity in families 
was compared to the expected binomial distribution for all possible 
pairs and tested using chi-square statistics. No familial clustering was 
found (p=0.43). 

 
Figure 5. Structures of the cervical cancer families used in this study. 
 
Our results do not support the hypothesis that the HPV susceptibility 
locus in EV and psoriasis is also linked to HPV susceptibility in 
cervical cancer. This is probably due to different tissue tropism for the 
different HPV types. HPV types involved in EV and psoriasis infect 
the epidermis compared to the types infecting the mucosa in the 
transforming zone, a prerequisite for cervical cancer. We did not find 
any evidence for familial clustering of HPV 16 infection in our 
material. One explanation is that women not infected have never been 
exposed to the virus. There is also a possibility that the genetic 
susceptibility factors involved have such a weak effect, that the 
statistical power to detect it is lacking in this material.  
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Interaction of host and viral factors for the development of 
cervical carcinoma in situ. (Paper IV) 
 
In this study, we wanted to test previously reported associations 
between different host and viral genetic factors and cervical cancer 
(HLA class II alleles, p53 codon 72 polymorphism and HPV 16 E6 
variants). HLA DR and DQ typing as well as typing of the p53 codon 
72 polymorphism had been performed for the retrospective case-
control material and published in separate studies previously (Paper I) 
(Josefsson et al., 1998). No association was found between risk of 
developing cervical carcinoma in situ and the p53 codon 72 
polymorphism (Josefsson et al., 1998). HPV 16 positive cases and 
controls were sequenced in two fragments spanning the E6 region. 
Due to the poor DNA quality from the archival smears, only samples 
with a high viral load were successfully sequenced, in total 237 cases 
and 25 controls. The E6 variants were grouped together in different 
ways for comparisons, prototype versus non-prototype, L83V carrying 
variants versus non-L83V carrying variants and European-like (EL) 
versus non-European-like (NEL). A significant association was found 
between the HLA DR4-DQ3 haplotype and the E6 L83V variant. This 
association has been found in three different studies and four different 
populations (Terry et al., 1997; Zehbe et al., 2001). However, the 
relevance of this association to risk of cervical cancer remains unclear. 
We could also see an association of homozygosity for Arginine at 
codon 72 in p53 with the L83V variant. Previously published results 
concerning this association have been diverging. Although it has been 
thoroughly studied, no convincing evidence has been found that shows 
that this polymorphism has any affect on cervical cancer risk, either 
on its own or together with other potential risk factors. We found no 
evidence for the previously reported association of Non-European like 
E6 variants and risk of cervical cancer (Hildesheim et al., 2001). This 
could be due to the low number of NEL variants found in our material 
(13) in combination with our low number of controls (25). If the 
frequency of NEL variants found in our material (5 %, 13/262) is 
representative of the frequency of NEL variants infecting the 
population (5 % of HPV 16 infections), this would probably not be a 
significant risk factor for the Swedish population unless the effect is 
very strong. Other studies have failed to find a positive association 
between HPV E6 variants and risk of disease (Brady et al., 1999; 
Chan et al., 2002; Nindl et al., 1999). 
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CONCLUSIONS AND FUTURE PERSPECTIVES 
 
In this thesis evidence have been presented that support the notion that 
certain HLA class II alleles can affect the risk of cervical cancer 
development. The susceptiblity and protective alleles presented are 
linked to the type of the infecting virus only showing an indirect affect 
on cervical cancer development. We have linked the haplotype 
DRB1*1501-DQB1*0602 to increased risk of having an HPV 16 
infection, given an HPV 16 infection to increased viral load and 
persistence of the infection. The DRB1*1301 and DQB1*0603 alleles 
were associated with a lower viral load of HPV 18/45 and 31. How 
these alleles act biologically remains unclear. It is plausible that 
different complexes can form between the antigen peptide, the 
presenting HLA molecule and the T-cell receptor with different 
potential to activate an effective immune response. This implies that 
protective alleles would have a more ‘dominant’ effect than 
susceptibility alleles.  
The screening methods available today are not perfect since all have 
produced false positive and false negative diagnoses. The problem is 
that we do not know what factors affect whether a woman will 
progress or regress when an HPV infection has been established. It has 
been shown that there is an involvement of host genetic factors 
influencing cervical cancer development (Magnusson et al., 2000; 
Magnusson et al., 1999). We still do not know what these risk factors 
are and although HLA alleles seem to play some role it is unclear how 
much of the genetic contribution they represent. The genes involved in 
EV at the potential HPV susceptibility locus, 17q25, have now been 
found. The disease is associated to nonsense mutations in two adjacent 
novel genes where the gene products EVER1 and EVER2 have 
features of integral membrane proteins and are localised in the 
endoplasmic reticulum (Ramoz et al., 2002). The role of these proteins 
is not known and we can not rule out the possibility that these proteins 
play a role in HPV susceptibility and development of cervical cancer. 
P53 is another host genetic factor that has been studied. In other 
cancer forms p53 mutations occur relatively frequently, but in cervical 
cancer mutations are rarely found. Also, there is a lack of consistent 
and convincing evidence that the polymorphism at codon 72 is 
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involved in disease risk Other possible host factors are currently being 
investigated. We have collected a large sib-pair material in Sweden 
comprising women diagnosed with CIS or IC. A genome scan has 
been conducted on a subset of these to scan the genome without prior 
hypotheses of genes involved. This data is currently being analysed 
and will hopefully result in some leads in the search for genes that are 
involved in disease outcome in such a way that they could be used in 
preventive screening. It would probably be easier to find the risk 
factors involved if susceptibility to HPV was not type-specific. There 
seems to be a difference in susceptibility, not just to different groups 
of HPV like the epidermal and mucosal types, but also to the 
oncogenic types infecting the mucosa in the anogenital tract. This is 
supported by findings presented in this thesis where we found no 
evidence of linkage of HPV susceptibility in cervical cancer to the 
locus found to be linked to HPV susceptibility in the skin diseases EV 
and psoriasis. Additionally the finding of HPV specific effects of 
HLA alleles that increase or decrease susceptibility to HPV infection, 
shows that the factors involved in susceptibility to closely related 
HPV types can vary. 
It is not easy to find appropriate tools to study the interactions 
between the virus and the host cells in vivo or in vitro (Stern, 1996). 
Therefore the next step to take to clarify the biological role of HLA 
alleles in the course of HPV infection and in development of cervical 
cancer is not obvious. There has been a research bias for class II genes 
driven by the ability of robust HLA class II genotyping assays. The 
techniques necessary for high-resolution allele specific HLA class I 
genotyping are now available and the results of association studies 
between HLA class I genes and cervical cancer are now beginning to 
be reported (Hildesheim and Wang, 2002). Future work should 
include a continued evaluation of HPV type specificity and evaluation 
of the independent effects of HLA alleles in linkage disequilibrium. 
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