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Introduction

Every human has got half of their chromosomes from the mother and the 
other half from the father. Siblings share 50% of their genetic variants, but in 
very different combinations. For that reason, full brothers and sisters do not 
necessarily have the same observable characteristics, also called phenotypes. 
Unavoidable, different characteristics tend to run in families. This is both 
due to shared genes and shared environment, two effects that can be very 
difficult to separate analytically.  Everything from physical appearances to 
behaviour is influenced by the genetic constitution. Similarly, families can 
be affected by different diseases. Studying the genes of such family mem-
bers can result in the identification of disease causing mutations. This can 
lead to better knowledge of both the biology of disease and involved gene 
functions.

Genetic diseases can be divided into monogenic and complex diseases. 
Monogenic diseases, also called mendelian, are caused by a mutation or 
mutations in a single gene. Examples of monogenic diseases are Cystic fi-
brosis, Huntington disease, Haemophilia and Dwarfism. The nature of com-
plex diseases, also called non-mendelian or multifactorial, is in contrary, as 
the name indicates, complex. They can be caused by both environmental and 
genetic risk factors that may interact in complicated patterns to produce dis-
ease (Figure 1). Many common diseases such as diabetes, hypertension, al-
lergy, cancer, cardiovascular diseases and psychiatric disorders are multifac-
torial.

The field of human disease gene identification has moved fast. Prior to 
1980 very few disease genes had been found. With polymerase chain reac-
tion (PCR) and mutation screening technologies it at all became easier. The 
human genome project (HUGO) was launched in 1990 with the goal of ob-
taining a highly accurate sequence the human genome. The initial sequenc-
ing and analysis is now finished and the number of human protein coding 
genes is estimated to between 20,000 and 25,0001, 2. The next goal is to de-
velop a definitive catalogue of the coding genes and a challenge is to deter-
mine functions of the putative proteins.  

Most monogenic diseases are now mapped and the causative gene are lo-
calised. With the present range of bioinformatic resources the ability to iden-
tify a monogenic disease gene depends largely on finding and recruiting 
highly informative families. Characterisation of factors responsible for 
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common complex diseases remains however difficult since there are many 
risk factors involved. But the main task of medical genetic research is to 
unravel the aetiology of complex diseases; to identify the risk factors and 
determine how they interact to produce disease.  

This thesis deals with genetic susceptibility to cervical cancer. This com-
plex disease is caused by one main environmental risk factor, namely a geni-
tal virus. However, viral infection is not sufficient and genetic susceptibility 
factors also influence the risk of developing cervical carcinoma. 

Figure 1. Example of how different risk factors, both environmental and genetic, 
can interact in complicated networks to produce a complex disease.  

Clinical manifestation of cervical cancer 
The cervix is situated in the lower part of the uterus and forms a narrow ca-
nal between the vagina and the uterine cavity (Figure 2). Cervical cancer 
arises in the basal cells of the cervical epithelium at a site called the trans-
formation zone. This zone is sensitive since it forms a border between endo-
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cervical cylindrical epithelium and multilayered ectocervical squamous epi-
thelium3. A very simple and schematic overview is given in Figure 3. There 
are two main types of cervical cancer called squamous cell carcinoma and 
adenocarcinoma. Squamous cell carcinoma derives from squamous cells that 
represent the majority of the cells in the lower cervix. This is the most com-
mon form of cervical cancer and constitutes 75% of all cases4. Adenocarci-
nomas, which arise from cervical glandular cells, are more rare and represent 
10-15% while cervical cancer with other or without specified histology make 
up the remaining 10-15%4.

Cervical carcinoma develops progressively through different stages from 
normal epithelium to cervical cancer in situ.  The final step, invasive cervical 
carcinoma, is characterised by adhesion to and penetration of the basement 
membrane by the primary in situ tumour. After penetration, the cancer has 
potential to spread and form metastatic daughter tumours at other sites of the 
body. 

Figure 3.  Schematic illustration of the cervical epithelium. The fragile transforma-
tion zone forms a border between endocervical and ectocervical epithelium. 

Figure 2. Basic anatomy 
of the human female 
reproductive organ. The 
cervix is situated between 
the uterus body cavity and 
the vagina. Illustration by 
S. Stenquist. 
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Epidemiology
Invasive cervical cancer is the second most common cancer worldwide 
among women with 493,243 annual cases and 273,505 deaths in year 2002 
(Table 1)5. Over 80% of all cases occur in less developed countries where 
cervical cancer accounts for 15% of all female cancers and is the leading 
cause of cancer mortality in women. The highest incidence rates are ob-
served in sub-Saharan Africa, southcentral and southeast Asia, Latin Amer-
ica and the Caribbean. Cervix cancer is the seventh most common cancer in 
developed countries, accounting for 3.6% of new cancers in women5. Com-
parable low rates are also found in China and western Asia, the lowest rate is 
recorded in northwest Iran (Figure 4)5.

Table 1. Estimated numbers of new cases and deaths for the three most common 
cancers among women in the world year 20025.

Cancer Incidence Percent of total Mortality 
Breast 1,151,298 22.7 410,712 

Cervix uteri 493,243 9.7 273,505 
Colon/Rectum 472,687 9.3 250,532 

Figure 4. Estimated age-standardised incidence rates per 100,000 for cancer of the 
cervix uteri, redrawn after Parkin 2001 and 20055, 6.

< 9.3 

< 16.1 

< 23.8 

< 35.8

< 93.9 
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Screening programmes 
The incidence of cervical cancer is generally low in developed countries 
with age-standardised rates less than 14.5 per 100,0005. The main reason for 
the low incidence rates and decreased mortality of cervical cancer is the 
long-standing screening programmes initiated in the 1960’s and 1970’s. The 
birth of the screening for prestages of cervical cancer took place in year 1943 
when Dr. Papanicolaou (PAP) invented a new histological staining proce-
dure of vaginal smears. This new assay made it easier to detect abnormal cell 
differentiation in the cervix and thereby also to detect lesions in the cervix 
and uterus7, 8.

There are different PAP smear diagnoses, which reflect distinct types of 
morphological lesions observed during cancer development. The nomencla-
ture describing the cytological status of a smear depends on the classification 
system used. There are four main systems for PAP smear diagnosis generally 
overviewed in Table 2. The Papanicolaou system was presented in 1954 and 
is based on certainty that malignant cells are present in a vaginal smear9.
This system was followed by a descriptive system in 1968 based on morpho-
logical criterias10. The cervical intraepithelial neoplasia (CIN) system was 
introduced in 1978 and is applied by cytologists although derived from his-
tology11. Finally, the Bethesda system was introduced in 1988 with the aim 
to increase the reproducibility within and between laboratories by reducing 
the number of categories9, 11.

Table 2. Classification systems for PAP smear diagnosis. Each diagnose represent a 
specific step in cervical cancer development. 

Papanicolaou Descriptive CINa Bethesda 
Class 1 Negative Normal 

Inflammatory atypia Reactive/reparative 
Squamous atypia ASCUSb

Class 2 

Koilocytotic atypia 

Negative 

Mild dysplasia CINa 1
LSILc

Moderate dysplasia CINa 2 
Class 3 

Severe dysplasia 
Class 4 Cancer in situ

CINa 3 
HSILd

Class 5 Invasive cancer Invasive cancer Invasive cancer 
a Cervical intraepithelial neoplasia 
b Atypical squamous cells of undetermined significance 
c Low-grade squamous intraepithelial  lesion 
d High-grade squamous intraepithelial  lesion

The cytological screening for cervical cancer has generally been a suc-
cess. Countries with widely accessible screening have experienced a 40-80% 
decrease in cervical cancer related mortality since the screening started12, 13.
Before screening programs the incidence in most of Europe, North America, 
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Australia and New Zealand was similar to those of developing countries 
today14. At present, women diagnosed with invasive cervical cancer in de-
veloped countries are mostly the ones who are screened irregularly or failed 
to attend screening15, 16.

The organised screening program based on the PAP staining procedure 
was introduced in Sweden in the mid 1960’s. The aim of the program is to 
screen all women at risk to detect possible precursors of invasive cervical 
cancer. Today all women in Sweden are invited regularly to cytological 
screening but the invited age group and screening interval differs between 
counties. The first time women are invited is between 20 and 26 years of age 
and then the screening continues at intervals of 3 to 4 years until the women 
reach 59 to 60 years of age17. Since the introduction of the program, the inci-
dence has decreased 60% from 25 per 105 in 1965 to 10 in 105 in 1999 (Fig-
ure 5)18. Nevertheless, there were still 435 new cases of invasive cervical 
cancer in the year 2004 in Sweden. That makes cervical cancer the 13th most 
prevalently diagnosed cancer in women between year 2000 and 200419.     

The relative survival rate (RSR) for women aged 55 to 89 has been rela-
tively stable over the decades, with an approximate RSR of 50%, while 
women up to 54 years have experienced a RSR of about 80%18. The increase 
in RSR is probably due to the screening, but advanced treatments may also 
have contributed20.

Figure 5. The decrease in incidence per 100,000 of invasive cervical cancer in 
Sweden19. The incidence has decreased 60% from year 1965 to 1999 due to the 
long standing screening program18.

0

5

10

15

20

25

30

Year of diagnosis

In
ci

d
e

n
ce

 e

1960 1970 1980 1990 2000



19

Environmental risk factors for cervical cancer 

The origin of cervical cancer
During the past 20 years, it has been proved beyond reasonable doubt that 
certain types of sexually transmitted human papillomaviruses (HPVs) are 
necessary for the development of cervical cancer21-23. HPV is found in close 
to every cervical cancer biopsy, 99.7%24 and the World Health Organisation 
(WHO) has recognised cervical carcinoma as the first cancer to be 100% 
attributable to infection23. In most populations HPV infections are among the 
most common sexually transmitted infections. About 20-46% of young 
sexually active women in ages 16-25 years have had these genital infec-
tions25. A study of virgins show exposure levels of HPV, after sexual debut, 
of 40% after 25 months and 70% by 56 months26. Exposure range from 20% 
in European countries to 70% in the USA or 95% is high-risk African coun-
tries27. Although HPV infections are highly prevalent in young women it is 
unusual to develop invasive cervical cancer until the mid-thirties or later23.
Nevertheless, it should be cautioned that HPV associated cancer develop-
ment in the cervix is a rare event. In fact, as much as 70-90% of the infec-
tions will be cleared within 12 to 30 months28-30. This means that the virus is 
necessary but not sufficient for development of the disease.  

The human papillomavirus 
Papillomaviruses are common and widespread among higher vertebrates but 
exhibit strict species and tissue specificity. Transmission from non-primates 
to humans has not been reported. The viruses belong to the family of Pa-
povaviridae and are characterised by a nonenveloped 72 capsomere capsid 
with an icosahedral symmetry containing the viral genome (Figure 6). HPVs 
are relatively stable and because they have no envelope they can remain 
infectious for months in a moist environment31.

The clinical manifestations of these viruses are warts (papillomas and 
condylomas), which are small epithelial tumours. The majority of these are 
benign tumours that regress spontaneously in immunocompetent individuals. 
Modern classification of HPV types is based on DNA sequence differences 
within the coding regions of the early proteins E6 and E7 and the late protein 
L1. Different genotypes have <90% homology in these regions. More than 
100 different HPV genotypes have been fully cloned and sequenced32 and 
this great heterogeneity together with slow mutation rate dates the origin of 
the virus to before the development of Homo sapiens33. HPV subtypes have 
90-98% homology within a genotype and HPV variants have 98% homol-
ogy within a subtype.  
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The HPV genome is organised into a single closed circular double 
stranded DNA that consists of approximately 8,000 base-pairs. The relative 
arrangement of the genes within the genome is the same in all papillomavi-
rus types. The viral genome can be divided into three major regions, an early 
region, a late region and a long control region, LCR. The early region con-
sists of six genes, E1-E8 and the late region of two genes, L1 and L2. 

The HPV life cycle 
In order to achieve successful infection the virus has to gain access to the 
basal cells of the cervical epithelium. There is a constant cellular loss and 
renewal in epithelia, so if the virions does not infect the epithelial stem cells 
there is a great risk it will be thrown out with the shedding cells. Mild abra-
sions or micro-lesions in the layers of the transformation zone gives HPV 
access to the basal cells which are situated above the basal membrane. It is 
not known how HPV enters the cell and the receptor is still unknown. This is 
due mainly to the fact that HPV has been very difficult to cultivate and in
vitro propagation has only recently been accomplished38. Previously, the 6
integrin was suggested as the binding receptor39 but further analyses has 
shown that this is not the case40. Cell entry appears however to be mediated 
by surface heparan sulfate41.

Once inside the cell the virus transfers itself to the nucleus via an as yet 
unknown mechanism. The circular genome gets established in the nucleus as 
an extra chromosomal episomal element and increases to 50-100 copies. The 
HPV genomes are replicated on average once per cell division using the 
DNA replication machinery of the host cell42, 43. The natural life cycle and 
gene expression of the virus are tightly linked to the differentiation stages of 
keratinocytes44. The virus uses the host cells mechanism for expressing viral 
proteins but while remaining in the basal layer HPV keeps protein produc-
tion down to a minimum. In the basal layer it is believed that only E1 and E2 
are expressed. The early proteins E6 and E7 are expressed in more distal 
layers. E6 and E7 have the potential to immortalise epithelial cells45, 46 and 

Figure 6.  HPV particles visualised in 
cryoelectron microscopy. The virus has a 
20-sided crystal like configuration consist-
ing of 72 capsomeres. Each capsomere is 
a pentamer of the major capsid protein 
L134. In addition there are some copies of 
the minor capsid protein L235-37, probably 
12 per virion. The icosahedral capsid is 
about 55 nm in diameter. 
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this promotes cell proliferation and delays differentiation. This gives HPV 
the opportunity to expand the infection surface by spreading to adjacent 
cells. It is also proposed that minor amount of E5 protein promotes an in-
crease of mitogenic factors, which increases basal cell proliferation and de-
lays differentiation47, 48.

When an infection is established in the basal cells, the goal for HPV is to 
produce new virions that can be successfully transferred to new hosts. In 
order to do so, the virus has to move to the epithelial surface and then shed 
off and spread. This event is initiated by expression of the early genes E1 
and E2. The expression of E6 and E7 is believed to be suppressed by E249, 50

resulting in a stop in proliferation of the basal cells leading to keratinocyte 
differentiation. HPV starts to express E4, L1 and L2 when the infected cells 
differentiate into squamous cells and reach the upper epithelial layers51, 52.
The nonenveloped virion has an icosahedral symmetry and is constituted by 
the major capsid protein L134 together with some copies of the minor capsid 
protein L235-37. Maturation, replication and release of new viral particles are 
suggested to involve the E4 gene product53. Great quantity of new HPV par-
ticles is produced and shed off. It is assumed that HPV spread to a new host 
by direct contact, probably within days of viral particle formation. 

HPV and cancer development 
There are approximately 40 mucosal HPV types and these are frequently 
found in the anogenital tracts of men and women. Mucosal HPV types are 
often referred to as low-risk types and high-risk types, based on their car-
cinogenic potential. The low-risk types mostly cause benign lesions such as 
external genital warts and CIN I lesions. High-risk HPV types are in contrary 
associated with more severe epithelial lesions and development of cervical 
cancers. HPV16 is the most prevalent among the oncogenic HPV types and 
is together with HPV18 the type most commonly associated with invasive 
cervical cancers21, 54. These two high-risk types have been recognised by the 
WHO as carcinogenic agents for humans21, 23. HPV16 and HPV18 are to-
gether with HPV31 found in approximately 75% of all cases of progressive 
cervical cancer21.

The main mechanisms behind the steps toward cancer involve the HPV 
E6 and E7 proteins and are shown in Figure 7. In the early 1970’s is was 
recognised that E6 and E7 turn cells into mutator phenotypes by hindering 
anti-cancer pathways55. Since then it has been shown in tissue culture and 
animal models that E6 and E7 have ability to immortalise and transform 
epithelial cells45, 46, 56. The means of damaging the human cell division regu-
lation system and destroying the defence against tumour development by E6 
and E7 are highly efficient. Transformed cells are prone to accumulation of 
mutations and chromosomal abnormalities, insensitive to antiproliferative 
stimuli and brakes, which normally act to control cell division, and self suf-
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ficient in growth signals57. Genomic instability is a common characteristic in 
many progressed epithelial cancers58-60.

The key action of the high-risk HPV E6 protein is inhibition of the tu-
mour suppressor protein 53 (p53). In contrary to low-risk HPV, the high-risk 
E6 binds to p53 and promotes proteolytic degradation via the ubiquitin pro-
teolysis pathway61-66. The p53 protein works in the G1-S interphase and is 
activated in stressful conditions for the cell such as DNA damage, hypoxia 
and low levels of ribonucleoside triphosphate67. Two major events are in-
duced by p53, (1) cell growth arrest in the G1 phase followed by DNA repair 
and survival or, (2) apoptosis (Figure 7). The consequence of p53 removal in 
the cell by the E6 protein is insensitivity to DNA damage and evasion of 
apoptosis. Mutations can accumulate when this DNA damage repair mecha-
nism is negatively affected, an event similar to that in other human cancers.  

The HPV E7 is the major transforming protein with the same function in 
both low and high-risk types. The oncogenic potential of the E7 protein re-
sults from interference with the tumour suppressor (TS) retinoblastoma pro-
tein (pRb). Genes required for DNA replication and entry into S-phase are 
activated by the E2F-family of transcription factors. The pRb protein acts as 
a break in cells about to progress into S-phase by binding to E2Fs and E7 
can bind and inactivate pRb68. Binding of pRb to the E7 oncoprotein results 
in release of E2Fs, which stimulate cell cycle S-phase entry and lead to cell 
replication (Figure 7)69. Low-risk HPV E7 proteins have affinity to pRb but 
the E6 proteins are unable to interfere with p5370. It is currently unclear how 
low-risk HPV types overcome the p53 mediated apoptosis but the search for 
further cellular partners of E6 and E7 proteins is ongoing. 

Figure 7. The mechanisms of 
high-risk HPV E6 and E7 pro-
teins. The proteins interact 
primarily with p53 and pRb, 
which leads to transformation 
of the cell. Illustration by Dr. 
M. Moberg. 
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Factors directly related to HPV
In most women HPV infections lasts no more than a couple of years28-30.
Yet, some individuals are not able to clear infection and the virus persists 
many years in the cervical epithelial basal layer. Prolonged duration of a 
HPV infection, also called persistence, is strongly associated with risk of 
developing cervical cancer. The persistence of an HPV infection, particularly 
high-risk types, is associated with higher risk for abnormal Pap smear30,
malignant cervical epithelial neoplasia71, 72 and invasive carcinoma73. The 
relative risk (RR) of incident squamous intraepithelial lesion (SIL) is about 
ten times higher for persistent infections with oncogenic HPV type relative 
to non-oncogenic, low-risk HPV types. Especially for HPV16 and HPV18 
there is a strong relationship between persistence and SIL72. It has also been 
suggested that HPV16 exhibit more prolonged persistence than other onco-
genic HPV types74. All these evidences show that it is more or less necessary 
to have established a persistent HPV infection in order to develop neoplasia 
in the cervical epithelium. Persistence is now a widely established risk 
marker for the disease but the number of years required for development of 
cancer is not known exactly. Persistence of oncogenic HPV is also associ-
ated with high viral load75, 76. It is though unclear if the viral load influences 
cancer development or is a result of cancer development. 

Associations between Non-European-like (NEL ) HPV16 E6 variants and 
cervical cancer have been reported77, 78. Further, NEL variants of the HPV16 
and HPV18 E6 and L1 gene are associated with longer persistence and more 
severe dysplasia than European-like (EL) variants79. It has been shown that 
HPV16 E6 variants in general terms are more prevalent in invasive cervical 
carcinoma than the prototype80. In particular, the HPV16 E6 350G variant, 
commonly called L83V because it changes the aminoacid from leucine to 
valine, is associated with invasive cervical carcinoma80, 81. This E6 L83V 
variant is also associated to persistence of HPV16 infection74.

Factors indirectly related to HPV 
HPV infections are transmitted through sexual contact and the probability of 
exposure to HPV is therefore directly related to an individual’s sexual activ-
ity. Many parameters regarding the sexual behaviour has been linked to cer-
vical cancer. However, most of them are just indirect measures of HPV ex-
posure and are therefore not direct risk factors for cervical cancer. For in-
stance, the risk of HPV infection increases with earlier age at sexual debut, 
number of sexual partners, frequency of intercourse and anal sex30, 82-87.

Use of oral contraceptives (OCs) has been suggested to impact cervical 
cancer development but this proposal is controversial. A recent meta-
analysis of published studies show that the results are inconclusive since the 
extent to which observed associations remain after use of OCs has ceased 
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have been improperly evaluated88. Similarly, full term pregnancies have 
been associated to cervical cancer83, 89, 90. For both OCs and parity the under-
lying mechanism has been suggested to be that steroid hormones affect HPV 
protein production. Still, it is likely that both these factors are not independ-
ent and instead connected to HPV exposure. 

Smoking has been found to increase the risk of developing cervical can-
cer83, 91-93. A large pooled analysis adequately controlling for HPV infection 
showed that smoking increases the risk of cervical cancer among HPV posi-
tive women94. Smoking may directly influence cancer development by the 
carcinogenic compounds95 or indirectly through locally impairing the im-
mune defence in the cervix96. Lack of vitamins and carotenoids97-100 has also 
been linked to CIN II and invasive cervical cancer. Again it is difficult to 
determine if this is just a measurement of weakened immune defence in the 
host or a direct effect. 

Immune response to HPV 
The term immunity comes from the Latin word immunitas and historically 
immunity means protection from disease. The immune system consists of 
cells and molecules and their coordinated response to foreign substances is 
called the immune response. The immune response can be divided into in-
nate and adaptive immunity. Defence against microbes such as viruses is 
mediated by the early reaction of innate immunity and the later responses of 
adaptive immunity. 

Significant advances have been seen lately in unravelling the role of im-
munity during natural HPV infection. However, much remains to be known 
about host immune responses to this common infection. Studies have been 
hindered by several factors. First, the natural life cycle and gene expression 
of the virus depend on the differentiation stages of keratinocytes44 and HPV 
has been difficult to cultivate until recently38. The second difficulty is due to 
the high variability between studies. Mainly this is because of variation in 
target assays and antigens, insufficient HPV type specificity and inadequate 
HPV characterisation of the study population. This inter-laboratory inconsis-
tency has complicated the interpretation of published results. A third obsta-
cle is that HPV infection is localised to squamous epithelial sites of the cer-
vix without systemic manifestations to study. 

Innate immunity  
Mechanisms that exist before infection and are capable of rapid responses to 
microbes are called innate responses. The principal components of such re-
sponses are (1) physical and chemical barriers such as epithelia and antim-
icrobial substances produced at epithelial surfaces, (2) phagocytic cells 
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(macrophages and neutrophils) and natural killer (NK) cells, (3) blood pro-
teins including complements and other mediators of inflammation and (4) 
cytokines. 

Cytokines
Cervical keratinocytes constitutively secrete low levels of a wide range of 
different cytokines101-103 such as proinflammatory cytokines, growth factors 
and chemokines. Significant amounts are though produced in response to 
various stimuli102-104. The studies of growth inhibitory effects of different 
cytokines have relied on cell lines and are highly depending on experimental 
conditions.

Studies of the tumour necrosis factor (TNF) points to a direct antiviral 
and antiproliferative effect of this cytokine that is somehow escaped by 
HPV. An antiproliferative effect of TNF-  on HPV16 infected epithelial 
cells has been reported105, 106 and the ability to repress HPV16 E6 and E7 
expression at the transcriptional level in HPV16 immortalised keratinocytes 
has been shown by both TNF and Interleukin (IL) -1 107. However, no 
growth inhibition mediated by TNF-  was seen on HPV18 immortalised 
cells106. Also growth stimulatory effects by IL-1  and TNF-  have been 
observed in some but not in other HPV16 and HPV18 immortalised cells and 
cervical carcinoma cell lines108.

It has also been proposed that interferon (IFN) - , -  and -  are involved 
in antiviral effects in the cervical epithelium. Inhibition of HPV16 immortal-
ised human keratinocytes proliferation by IFN-  have been reported109. In 
contrary, others have showed that IFN-  and not IFN-  inhibits transcription 
of E6 and E7 genes in high-risk HPV immortalised keratinocytes110. IFN-
and -  have also inhibited transcription of HPV18 E6 and E7 in a cervical 
carcinoma cell line111, 112. Further, IFN-  but not IFN-  and , has shown an 
ability to reduce the transcription of E6 and E7 genes in an HPV16 trans-
formed keratinocytes113. It has also been suggested that resistance to growth 
inhibitory effects of several cytokines may occur in HPV immortalised cells 
even prior to malignant transformation108, 114.

In conclusion, a potential antiviral role of IFNs during high-risk HPV in-
fections is likely. Escape of cytokine-mediated growth also potentially oc-
curs but whether this is an early event or associated later with malignant cell 
transformations remain unknown. 

Natural killer cells 
A few studies have suggested that NK-cells protect from development of 
SIL. For example, decreased NK-cell lysis of HPV16 infected keratinocytes 
in patients with SIL or carcinomas has been reported115 and importance of 
NK activity in SIL regression has been shown116, 117 Moreover, reduced NK-
cell cytotoxicity has been shown in patients with epidermodysplasia verruci-
formis (EV), which is characterised by chronic HPV infection, suggesting a 



26

role of NK-cells in defence against HPV118. However, many of the studies 
looking at the role of NK-cells have been without power and larger study 
populations are needed to fully explore the impact of these cells in eradica-
tion of HPV infections.  

Adaptive immunity
There are two types of adaptive immunity; humoral immunity and cell-
mediated immunity (CMI). Humoral immunity is mediated by B-
lymphocytes and CMI is mediated by T-lymphocytes. All blood cells origi-
nate from stem cells in the red bone marrow. The bone marrow is the site for 
B-cell maturation while T-cells mature in the thymus. The lymph nodes and 
the lymphatic system are the sites where adaptive immune responses are 
initiated.  The adaptive epithelial immune response can be divided into three 
phases, (1) recognition of antigens, (2) activation of lymphocytes and (3) 
effector mechanisms. All immune responses are initiated by the recognition 
of antigens. In adaptive immunity antigen presenting cells (APCs) such as 
mononuclear cells and dendritic cells display antigens in a form that can be 
recognised by T-lymphocytes. Every individual possess numerous clonally 
derived lymphocytes capable of recognising and responding to a distinct 
antigenic determinant. Only one specific pre-existing clone get activated 
upon infection and this results in synthesis of new proteins, cellular prolif-
eration and differentiation into effector and memory cells119. The elimination 
of the antigen, which is the physiological function of the response, is medi-
ated by the effector mechanisms. 

Humoral immunity
Humoral immunity is mediated by antibodies (Abs), also called immu-
noglobulins, produced by B-lymphocytes. Abs located on B-cells or freely 
circulating in the blood are the principal defence against extracellular mi-
crobes and their toxins, which they can bind to and assist in their elimina-
tion. The Abs that provide protection against infection may be produced by 
long lived Ab secreting cells generated by the first exposure or by activation 
of antigen memory B-cells. The effector functions of Abs are primarily con-
nected to the innate immunity and require participation of other effector 
systems. Humoral immunity cannot recognise virally infected cells. Instead 
Abs potentially participates in early stages of HPV infection by recognising 
viral particles. Humoral immune defence is not always activated upon natu-
ral HPV infection. From the ongoing HPV vaccine trials in humans based on 
injected virus like particles (VLPs) it is however evident that Abs is trig-
gered in a majority of women120-126.

In order to study humoral immunity to papillomaviruses several animal 
models have been used. Among these are systems of natural infection that 
include rabbit, canine and bovine models127. Abs recognise common struc-
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tures of HPV particles and are therefore not strictly HPV type specific. 
Which of the capsid proteins, major L1 and minor L2, that are responsible 
for this cross-reactivity is a matter of debate. Generally it has been claimed 
that the L1 protein only induce neutralising Abs to very closely related vi-
ruses128-131. Recent data in humans however show that cross-protection oc-
curs with the L1 antigen but responsible epitopes are not yet known132. It has 
been established that L2 also have cross-neutralising epitopes133, HPV16 L2 
can elict cross-reactive Abs between HPV6, HPV11 and HPV18134-136. In 
addition, epitopes derived from the L2 protein of rabbit papillomaviruses can 
protect rabbits against infection with cottontail rabbit papillomaviruses 
(CRPV) and rabbit oral papillomavirus (ROPV)137.

It appears that Abs to papillomaviruses, when the humoral immunity is 
activated upon infection, are type cross-reactive and that both L1 and L2 
potentially induce this response.

Cell-mediated immunity
CMI is mediated by T-lymphocytes that recognise intracellular microbes 
such as viruses and some bacteria. Broadly there are two different types of 
T-cells, CD4+ helper T-lymphocytes and CD8+ cytotoxic T-lymphocytes 
(CTLs) and they have very different functions. The major effector mecha-
nisms of helper T-cells are to activate various lymphocytes and stimulate 
inflammation, mainly by secreting cytokines.  The effector functions of 
CTLs are to bind and kill infected cells by cytotoxic proteins. 

Lymphoid progenitors from the bone marrow and fetal liver are trans-
ported to the thymus for T-lymphocyte differentiation and maturation. The 
thymus has a unique microenvironment with specialised stroma consisting of 
epithelial cells, macrophages, dendritic cells, fibroblasts and matrix mole-
cules. Thymopoesis is a tightly regulated multistep process that involves 
interaction between immature thymocytes at different developmental stages 
and surrounding specialized stromal cells localised in particular compart-
ments. Thymocytes undergo multiple rounds of proliferation and differentia-
tion pathways and it is believed that different epithelial cells in the thymus 
provide critical signals to developing thymocytes138-140. Molecules on or 
secreted by these cells are therefore directly or indirectly responsible for 
inducting or modifying all of these processes. Thymal maturation ultimately 
results in generation of self-tolerant CD4+ helper T-lymphocytes and CD8+ 
CTLs, which emigrate to the different compartments of the peripheral T-cell 
pool138-140.

Antigens derived from intracellular microbes are displayed on the surface 
of APCs for recognition by T-cells. Antigen presentation is performed by 
specialised proteins encoded by genes in a locus called the major histocom-
patibility complex (MHC). MHC molecules have essential the same struc-
ture and function in all mammals and human MHC molecules are called 
human leukocyte antigens (HLAs). Many proteins involved in processing of 
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antigens and presentation of peptides to T lymphocytes are encoded by genes 
located within the MHC (Figure 8). There are two different types of HLA 
gene products that present peptides to T-cells called the class I and class II 
molecules. HLA class I molecules (HLA-B, -C, -A) present foreign antigens 
to CD8+ CTLs and HLA class II molecules (HLA-DP, DQ, DR) present 
antigenic peptides to CD4+ helper T-lymphocytes (Figure 9). Antigens asso-
ciated with HLA class I are always extracellular endosomal proteins and 
antigens displayed by HLA class II are always proteolytically degraded cy-
tosolic proteins. HLA class I are expressed on all nucleated cells while class 
II are expressed mainly on specialised APCs such as dendritic cells, macro-
phages, B-lymphocytes and a few other cell types including endothelial cells 
and thymic epithelial cells. 

Figure 8. Schematic illustration of the human major histocompatibility complex. 
Genes located in this locus encode proteins involved in processing and presentation 
of antigens. 

CMI, not humoral immunity, has the critical role of destroying virally in-
fected cells. Once the viral particles have entered the host cells the infection 
is dealt with by T-lymphocyte effector functions. Substantial efforts have 

             TAP1  TAP2                                         Complements Cytokines TNF

DPB1               DQB1   DRB1                                                       HLA-B            HLA-C                     HLA-A

Class II      Class III              Class I 

        HLA Class I APC CD8+ CTL 

           HLA Class II APC       CD4+ T helper cell 

Figure 9. Antigens bound to HLA 
proteins are presented on the surface 
of APCs. CD4+ helper T-cells rec-
ognise antigens in association with 
HLA class II proteins and CD8+ 
CTLs recognise antigens presented 
by HLA class I proteins. 
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been directed towards understanding the role of CMI during a HPV infection 
for the last decades. Much empirical evidence already exists supporting the 
importance of CMI. The most persuasive evidence comes from studies of 
human immunodeficiency virus (HIV) patients that show increased preva-
lence of anogenital HPV infections141-146 as well as longer periods of HPV 
persistence146-150.  Although most studies suggest that the increased preva-
lence of HPV infection seen in HIV patients is due to the CD4+ T helper cell 
depletion there is also some evidence for other mechanisms such as molecu-
lar interactions between viral genes of HPV and HIV151-154. However, the 
extensive documentation of increased HPV infections and associated disease 
among other immunosuppressed groups of patients such as renal transplant 
recipients155-157 strongly supports the importance of CMI in the defence 
against HPV. Studies of regressing genital warts also provide evidence that 
clearance of HPV from the genital tract is characterized by an active CMI 
response158. It is however evident that the CMI responses vary between indi-
viduals159.

Langerhans cells 
Langerhans cells (LHc) are immature dendritic cells and the resident APC in 
many epithelial sites of the body such as the cervix. LHc capture antigens 
and transport these to local lymph nodes where the immune response is initi-
ated by presentation to T-cells. A reduced number of LHc has been docu-
mented in genital HPV infection, condylomas or SIL160-162.  The reduction 
seen might be due to normal retreat to lymph nodes for antigen presentation 
but some have suggested that decrease of intraepithelial LHc is associated 
with HPV infection and may contribute to prolonged infection or malig-
nancy161, 163. Once the LHc have captured antigens they migrate to draining 
lymph nodes. Cytokines, mainly produced by keratinocytes appear to be 
important mediators in this process with some contribution from the Langer-
hans cells themselves. The IL-1 , TNF and IL-1 , which activate and pro-
mote LHc migration, and IL-10, which inhibits the LHc migration, are be-
lieved to be particularly important103. The restricted expression of costimula-
tion/adhesion molecules and the nature of the cytokine microenvironment 
within the epithelium may act to limit effective immune responses in some 
CIN lesions. Keratinocytes in normal cervix express TNF-  but absence of 
expression has been detected in low-grade squamous intraepithelial lesions 
(LSIL) and high-grade squamous intraepithelial lesions (HSIL)164. In con-
trary, the suppressive cytokine IL-10 was absent in normal epithelium and 
up-regulated in low and high-grade CIN lesions164. An association between 
insufficient IL-1 , TNF, IL-1  production and persistent HPV infection has 
also been proposed101.

The conclusion from these studies is that HPV may evade the immune 
system by modifying the cytokine production of infected keratinocytes 
and/or LHc.
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CD4+ helper T-lymphocytes 
In order to investigate the role of CD4+ helper T-lymphocytes in develop-
ment of HPV associated lesions, the T-cell proliferative response165-173 and 
IL-2174-176 release have been measured. However, the results from the prolif-
eration assays are inconsistent and some current studies have therefore fo-
cused on helper T-cell responses to HPV16 antigens such as the E6 and E7 
proteins. More frequent response to these viral oncoproteins has been ob-
served in cytological normal persons compared with subjects with SIL167, 169, 

174. However, no correlation between responses and SIL has also been re-
ported165. Subjects with positive T-cell proliferative responses to an E6 pep-
tide, E7 peptide or both were likely to be successful in clearing HPV infec-
tion and SIL172. But T-cell response170 and IL release175 have in contrast been 
seen more frequently in individuals with progressing SIL than persons with 
regressing disease. Hence, the studies focusing on HPV16 E6 and E7 have 
similarly to the proliferation studies been confusing. Studies focusing on 
HPV16 proteins other than E6 and E7, such as L1 and E2, have also been 
largely inconclusive168, 171, 176.

Inconsistencies between studies of helper T-cell response can be ex-
plained by differences in antigens, differences in subject populations and 
most importantly, lack of correlation between response and natural history of 
infection. Many reports have also used to few samples to achieve adequate 
power. Further, activities of helper T-cells may not correlate directly to 
clearance of virus associated lesions since they are not the actual eliminators 
themselves.  

In response to microbial protein antigens CD4+ helper T-cells may differ-
entiate into two subsets of effector cells that produce distinct sets of cyto-
kines and perform different functions. These two populations are called TH1 
and TH2 cells in humans177, 178. TH1 cells stimulate cellular responses from 
macrophages, NK-cells and CD8+ CTLs especially during infections of in-
tracellular microbes. The principal effector cytokine of TH1 cells is IFN- ,
but they also produce TNF and IL-2. TH2 cells mostly activate humoral 
immunity in response to helminths and allergens. The signature cytokines of 
TH2 cells are IL-4 and IL-5, but they also produce IL-10 and IL-13179. As 
assumed, many studies suggest that HPV infection triggers a TH1 response. 
The immune response in mouse upon HPV vaccination has been character-
ised by secretion of TH1 cytokines IFN-  and IL-2180. Peripheral blood lym-
phocyte IL-2 production has also been demonstrated in response to HPV-16 
peptides174. Examination of cervical biopsies by immunohistochemistry has 
showed that HSIL contain fewer TH1 cells and an increased density of TH2 
cells compared to normal cervical epithelium181. Women with either abnor-
mal cervical cytology or SIL have futher shown a shift away from TH1 to-
wards TH2 cells182. Recently it was evident that HPV specific CD4+ cells in 
lymph nodes of HPV16 positive cervical cancer patients dominantly produce 
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IL-10 and suppress HPV specific CMI183. This offers a plausible explanation 
for the failing HPV specific CD4+ immunity in cervical cancer patients.  

In summary, CD4+ T-cells play a pivotal role for the induction and main-
tenance of HPV specific immunity in immunocompetent individuals. Further 
it seems that HPV normally elicits a TH1 response and that a shift toward 
TH2 response is associated with HPV linked cervical pathology.

CD8+ cytotoxic T-lymphocytes 
CTL are CD8+ HLA class I restricted cells responsible for recognising and 
killing cells infected with intracellular microbes, such as viruses. Activated 
CTL184 and HPV16 E6 and E7 specific CTL185 have been detected in SIL 
and cervical cancer lesions while others have identified HPV specific CTL in 
lymph nodes and tumours of cervical cancer186. Moreover, HPV16 E6 and 
E7 specific CTLs have been detected in women who had evidence of HPV16 
infection but who had not developed SIL187-189. The effector cells in these 
assays have been shown to include both CD4+ and CD8+ T lymphocytes188.

In models of persistent viral infection, CD4+ helper T-cells are vital for 
the maintenance of CTL effector functions190. Studies of chimpanzee also 
highlight the importance of both CD4+ and CD8+ T-cells in control of viral 
infections191, 192. The importance of CD4+ T helper cells to sustain CTL re-
sponses during viral infections is further strengthened by the loss of HIV 
specific CTLs during late stages of Acquired Immunodeficiency Syndrome 
(AIDS)190.

The major effector function of CD8+ CTLs is to lyse antigen bearing tar-
get cells and they are therefore an essential host antiviral defence in persis-
tent viral infections. It appears that CTLs are mediators of HPV clearance 
and that CD4+ helper T-cells are required to sustain antiviral CD8+ T-cell 
activity, for coordinating immune attacks by innate effector cells and for the 
generation of strong virus neutralising Abs. 

HLA antigen presentation 
Normal human keratinocytes constitutively express HLA class I molecules 
and are therefore susceptible to lysis by CTLs if non-self antigens were to be 
presented193. Available literature agrees on that many cervical tumours ex-
hibit cell surface HLA class I loss194, 195. The loss of MHC class I expression 
has also been correlated with tumour invasiveness and more aggressive his-
tology since this is rarely found in pre-invasive lesions196-198. Downregula-
tion of MHC class I may be the result of altered levels of cytokines such as 
TNF and IFN-  but the HPV16 protein E5 also has ability to downregulate 
surface expression of class I HLA-A and HLA-B199, 200. Therefore it appears 
that decrease in expression of class I may contribute to weakened recogni-
tion and removal of both transformed and infected cells.  

The role of class II in persistence of HPV infection or progression of HPV 
associated disease is an area of controversy. Normal cervical squamous epi-
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thelium does not express MHC class II molecules. However, display of class 
II molecules on the surface of HPV infected and transformed cells may be of 
functional significance. Due to the absence of class I, class II expression 
may allow cancer cells to present antigen to the immune system. It has been 
shown that a majority of squamous carcinomas express class II antigens and 
that the DR, DP, and DQ class II loci are differentially expressed201. Kerati-
nocytes, constituting 95% of the cervical epithelium, can express HLA class 
II molecules during inflammation and cell transformation202, 203. Moreover, 
HPV16, HPV18 and HPV33 immortalised keratinocytes have ability to en-
hance transcription of MHC class II molecules upon IFN-  treatment101. It 
has been suggested that HLA DR upregulation in keratinocytes may be due 
to IFN-  secretion by activated T lymphocytes204. Evidence of impaired 
HLA class II expression in progressing genital warts and patients with HPV 
associated lesions also exists101, 158, 205. Further it is proposed that HPV evade 
cellular immune response by inhibiting upregulation of MHC class II ex-
pression through overexpression of the HPV E7 gene205. In contrary, more 
frequent expression of HLA DR in HSIL than in LSIL have been reported164, 

203. The expression of HLA-DR by keratinocytes in some high-grade cervical 
lesions may though be due to local induction by inflammatory cytokines 
released by immunocompetent cells203.

The conflicting results on MHC class II expression during cervical cancer 
development can be due to individual differences in type of cellular immune 
response to HPV induced lesions. In support of this is the observation that 
upregulated MHC class II expression on dysplastic epithelial cells are found 
in different CIN groups and carcinomas206. However a majority of available 
data supports that upregulation of MHC class II in HPV infected and trans-
formed cells are important for cell-mediated eradication. This implies that 
the immune system of cervical cancer cases fails in achieving this. 

HPV immune evasion 
HPV is very successful in avoiding and sabotaging the host immune re-
sponse. The virus does not lyse the infected epithelial cells and therefore the 
APCs of the cervix such as LHc and Dendritic cells have limited ability to 
engulf and present HPV antigens to the immune system. There is also little 
chance for the immune system outside of the epithelia to detect the virus 
since there is no blood-borne phase of the infection207. Papillomavirus genes, 
both early and late, are expressed in low levels due to redundancy of the 
genetic code. They contain codons that mammalian cells rarely use and this 
limits their production208. The late viral proteins are also delayed to further 
avoid recognition by resident APCs. 

Specific and efficient immune evasion functions have in addition been 
found for the E7 protein. The primary task of the HPV E7 protein is to main-
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tain the cell division in infected cells68, 69. But E7 also hinders IFN-  activity 
by blocking induction of IFN-  inducible genes and inhibits the IFN-  pro-
moter209, 210. This directly holds back the effector functions induced by IFN-

 and IFN-  that usually are triggered during viral infections. Low levels of 
HPV oncoproteins make it difficult for APCs to capture these for antigen 
presentation but could gain access to viral proteins from dead or dying cells 
and perhaps from tumour cell exosomes211-213.

The E7 protein can take advantage of APC mechanisms for preventing re-
sponses to self antigens. It has been shown that APCs at some degree send 
out a tolerogenic rather than immunogenic signal to T-lymphocytes present-
ing the E7 antigen on T-cell receptors207. Therefore HPV has ability to es-
cape inflammation and adaptive immune responses. HPV16 E7 also shares 
many motifs with human proteins and this molecular mimicking of self may 
further result in limited immunogenicity214. It has been suggested that 
HPV16 may be better than other HPV types at avoiding the immune system 
and that this would contribute to the strong association to cervical cancer215.

HPV vaccines 
Vaccines can be therapeutic or prophylactic. Therapeutic vaccines aim to 
cure persons already infected by eradicating or reducing infected cells. Pro-
phylactic vaccines aim to prevent infection in non-infected persons by hin-
dering infection of cellular targets. 

Therapeutic vaccines 
The goal for therapeutic vaccine development is to activate an antiviral im-
mune response in persistently infected individuals with progressed CIN but 
pre-invasive disease. Therapeutic vaccines have been very difficult to de-
velop. A major problem is due to the fact that we do not yet understand the 
mechanisms that result in a robust generation of CTLs124. There is therefore 
a pressing need to do more basic immunologic research about HPV infection 
and cervical tumour development before successful therapeutic HPV vac-
cines can be developed.  However, in the field many have considered HPV 
peptides and much effort has gone into mapping HLA class I restricted epi-
topes of HPV16 and HPV18 E6 and E7216, 217. Peptide vaccination may work 
best in persons with pre-invasive disease who are not immunocompromised 
and one must know the HLA genotype of the patient and the HPV genotype 
of the tumour124. Some have claimed that the E6 and E7 based vaccine trials 
will never show any breakthrough success and that prophylactic vaccination 
will be the only effective way to induce beneficial immune responses. Nev-
ertheless, therapeutic vaccination with E6 and E7 long peptides in the CRPV 
model recently showed great promise218.
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In early HPV infection and in many tumours, HLA class I expression are 
lost from the cell surface194, 200. Class I loss on cervical tumours in situ will 
seriously hinder the success of therapeutic vaccination since the lesions 
evade eradication by cellular immunity.  It may be possible to up-regulate 
HLA class I expression and make tumours susceptible to vaccine induced 
CTLs and other eradicators like NK-cells. The role of HLA class II is very 
interesting in connection to this. Available data are contradictory but most 
studies points to that class II molecules are important for tumour eradica-
tion101, 202-204 and that HPV tries to evade this class II up-regulation205. More 
research is needed within this field, especially regarding the link between 
HLA class II, IFN-  treatment and potential HLA class I up-regulation. 

However, it is important to emphasize that even if a therapeutic vaccine 
became widely available it would have to be as effective as existing thera-
pies to be considered for CIN treatment. It is unlikely that vaccination will 
become a primary treatment for cervical cancer although it may be beneficial 
as adjuvant therapy. 

Prophylactic vaccines 
There has been more success in the field of prophylactic vaccines. There are 
already two 1st generation of HPV vaccines consisting of non-infectious 
VLPs called GardasilTM (Merck) and CervarixTM (GlaxoSmithKline). Gar-
dasilTM is based on tetravalent HPV16/HPV18/HPV11/HPV6 L1 VLPs and 
the phase II trial shows a 90% decrease in HPV disease incidence by these 
types126. CervarixTM is based on bivalent HPV16/HPV18 L1 VLPs and the 
phase II efficacy is 91.6% against incident infections and 100% against per-
sistent infection125. The bivalent vaccine trial further shows that cross protec-
tion between HPV types occurs and this implies that a tetravalent vaccine is 
not needed125. Phase III trials have just started for both CervarixTM and Gar-
dasilTM and require clinical endpoints.

Prophylactic vaccination could reduce the incidence of cervical cancer to 
a large extent if it would protect against all high-risk HPV types and cover 
the entire population. However, the epidemiology across the world looks 
very different and the prevalence of different high-risk HPV types varies 
widely between sub-Saharan Africa, Asia, South America and Europe54. In 
the developing world where cervical cancer is a serious problem among 
women5, many high-risk HPV types are not covered by 1st generation vac-
cines. It is also not known how long the prophylactic vaccines persist and 
regular vaccine boosts are likely to be necessary. The fact that they have to 
be administered before infection in young women is as well a known prob-
lem. In summary, the concerns regarding the two 1st generation of HPV vac-
cines are: 
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(1) Duration of protection. How many re-vaccinations and/or boost doses 
are needed? 

(2) Potential target age groups. Should vaccination be offered to sexually 
active women and/or young girls before HPV exposure or to all indi-
viduals?

(3) Vaccination of males. Is this necessary and cost efficient? 
(4) Acceptability. Includes self, parent and providers. Since this is a sexu-

ally transmitted disease, this will be problematic in many cultures.  
(5) Cost effectiveness. Is it possible? How about the competition with other 

vaccines for other diseases coming soon? 
(6) Continued PAP screening. What will happen with this in relation to 

prophylactic vaccination programmes?  
(7) Accessibility for the developing world. Is this a real possibility?

In spite of this there is widespread confidence that a VLP vaccine will be 
commercially available within the next few years219. It will be exciting to 
evaluate the application of CervarixTM and GardasilTM in the future. 

2nd generation of vaccines
A 2nd generation of vaccines are in the light of present prophylactic vaccine 
trials also being developed. Many of these have potential advantages and 
more sophisticated solutions than the 1st generation of vaccines219. But is 
there a sufficient need for a 2nd generation of vaccines and is there a realistic 
development and commercialisation path considering the fact that two pro-
phylactic vaccines will be available soon? In summary, the ideal vaccine 
would:

(1) Protect against all oncogenic HPV types.  
(2) Act both prophylactic and therapeutic. 
(3) Have life long protection.  
(4) Need only a single dose.
(5) Have high stability without refrigeration.  
(6) Be non-injectable.
(7) Inexpensive to manufacture and distribute.

This ideal vaccine will not be available in the near future, if ever. But if 
any of the 2nd generation vaccines would accomplish some of the above de-
sired characteristics it would be a real threat to the success of both Cer-
varixTM and GardasilTM. Manufacturers will be especially interested in new 
vaccines that are less expensive to mass-produce and deliver than the current 
VLP-based vaccines. 
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Genetic risk factors for cervical cancer 
The link between HPV and cervical cancer is without doubt24. Yet it is im-
portant to remember that cervical cancer is a rare consequence of common 
HPV infection28-30. Few HPV infected women develop a persistent infection 
and cervical cancer. The fact that HPV is necessary but not sufficient for 
development of the disease implies that additional factors such as host ge-
netic susceptibility factors also influence the outcome.  

Epidemiological studies support that genetic susceptibility factors are in-
fluencing cervical cancer development. A hereditary component of cervical 
tumours have been indicated in comparisons of twins220 and in RR studies of 
mothers and daughters221. However, more convincing data for existence of a 
genetic link to cervical cancer came when it was shown that biological first-
degree relatives to women with cervical cancer have a 100% increased risk 
of developing the disease compared to non-biological, adoptive, first-degree 
relatives of women with cervical tumour222. The evidence for genetic suscep-
tibility leads to questions of how much the genetics versus environment in-
fluence the outcome of disease. Therefore the contribution of inherited ge-
netic factors and environmental factors to the development of cervical cancer 
was estimated. The heritability of cervical tumours is determined to 27% of 
the total variation in liability to the disease and effect of shared environment 
among sisters is estimated to 2%223. The most important factors for the de-
velopment of the disease are non-shared environmental factors, which ex-
plain 70 % of the total variation in risk223.

In theory there are many candidates that might be involved in the predis-
position to the disease. Generally the susceptibility genotypes can be divided 
into two groups of either acting through HPV or independent of HPV.  

Factors independent of HPV 
There is a strong link between HPV and cervical cancer as is evident from 
the small amount of HPV negative tumours. However, it is possible that 
HPV independent genes, such as oncogenes and TS genes, are involved to a 
lesser degree in cervical cancer susceptibility. Oncogenes normally act to 
promote cell proliferation and a gain of function mutation can result in ex-
cessive activity. Specific activation mutations have been found in RAS genes 
in colon, lung, breast and bladder cancer224, 225. TS gene products normally 
inhibit events leading to cancer and both alleles of such genes must be inac-
tivated to change the behaviour of cancer cells. Many TS genes are involved 
in tumour formation in other human cancers like the BRCA1 for breast and 
ovarian cancer225-228. Still, the effects of oncogenes and TS genes would most 
likely be interacting with HPV oncoproteins at some degree in producing 
cervical cancer and would therefore not be independent. For instance, muta-
tions in the oncogene HA-RAS have been detected in CIN II-III lesions with 
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persistent high-risk HPV229 and a genotype of the TS p53 gene is associated 
with cervical cancer and more aggressive HPV E6 mediated degradation230.

Factors interacting with HPV 
Genetic risk factors interacting with HPV are likely to have a major impact 
in the genetic risk to cervical cancer. Basically these factors could function 
at four different stages to promote disease; exposure to HPV, infection by 
HPV, persistence of HPV and sensitivity to HPV oncoproteins (Figure 
10)231.

HPV exposure
Our behaviour and personality are to a large extent influenced by genetic 
factors232. The probability of being exposed to HPV is directly related to the 
individual sexual activity. Consequently, it is possible that some of the 
heritability observed for cervical tumours is due to genetic factors affecting 
level of sexual activity.

Risk of HPV infection and consequently risk of developing cervical car-
cinoma increases with earlier ages at sexual debut, number of sexual part-
ners, frequency of intercourse and anal sex30, 82-87. Androgens, such as testos-
terone play an important role in the female sexuality and testosterone has 
been strongly and positively associated with sexual desire and anticipation of 
sexual activity233. Number of sexual partners234 and the age at first inter-
course235 have also been correlated with level of testosterone in women. The 
testosterone levels has been studied in mono- and dizygotic twins and their 

Sexual behaviour 

Vulnerability of mucosa 

Immune reaction to HPV 

Sensitivity to viral proteins 

   Cervical tumour
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   Infection 

  Persistence 

  Sensitivity 

Figure 10. Stages in 
which genetic suscepti-
bility factors might act 
through HPV during 
cervical cancer devel-
opment231.
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relatives and the heritability was estimated to 40%236. However, there is at 
present no specific evidence for the involvement of androgens in the predis-
position to the disease. Testosterone is just an example of how genetics af-
fecting our behaviour could influence HPV exposure and consequently out-
come of disease.  

HPV infection 
Accessibility of the cervical basal cells or the fragility of the transformation 
zone could be important for a successful infection by the virus. Individual 
differences in the structural and physiological properties of the cervical epi-
thelium might exist and such differences are likely to be genetically inher-
ited.

EV is a rare disease characterised by an abnormal highly increased sus-
ceptibility to infection of HPV237, 238. These HPV infections, which are often 
chronic, leads to disseminated red plaques and verruca like skin lesions. 
There is genetic predisposition to the disease239, and about half of individuals 
affected with EV develop cutaneous skin carcinomas237, 238, 240. The devel-
opment of this cancer depends on several factors including exposure to on-
cogenic HPV types, ultraviolet light exposure and genetic susceptibility. A 
locus on 17q has been linked to EV241 but this susceptibility locus appears 
not to be linked to cervical cancer in situ242. At this time, there are no asso-
ciations between factors determining structural properties of the epithelium 
and the outcome of cervical cancer.  

HPV persistence 
It appears necessary to have established a persistent HPV infection in order 
to develop neoplasia in the cervical epithelium30, 71-73. The time between 
infection and clearance of the virus is likely to depend on the ability of the 
immune system to recognise and eradicate HPV from the host. There are 
many associations reported between cervical carcinoma and genes encoding 
immunological proteins potentially participating in eradicating HPV infec-
tions. Many genetic factors have been associated to increased risk of devel-
oping HPV infections and consequently CIN and cervical carcinoma. 
Among those are HLA class II genes243, IFN- 244, TNF- 245, TAP1 and 
TAP2246, killer cell immunoglobulin-like receptor (KIR)247, 248, IFN- 249, Fas 
receptor 250, 251 and Fas-ligand (Fas-L) 251, 252. They are all suggested to work 
either by reducing effective viral peptide presentation to the CMI and/or 
disturbing the inflammatory response to HPV infections or by hindering 
successful elimination of infected cells. Evidence of protective effects have 
also been reported for the HLA class II genes243, chemokine C-C motif re-
ceptor 2 (CCR2)253, lymphotoxin- 254 and KIR248. The existence of protec-
tive alleles suggest that antigens bind or are presented more efficiently to 
immunological activators or effectors. 
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Sensitivity to HPV proteins 
HPV proteins will interact with a number of cellular components during 
infection. Genetic differences can exist in the sensitivity to viral products 
between women, in particular to the oncoproteins E6 and E7. Susceptibility 
alleles might influence the extent to which the virus will be able to disturb 
the cellular machinery and achieve successful transformation of the cervical 
epithelium.  

The gene encoding the tumour suppressor p53 is one example of a candi-
date that has been suggested to affect the oncogenic potential of the HPV E6 
protein. E6 binds to p53 and directs degradation through the ubiquitin path-
way61, 62. A common polymorphism in the p53 amino acid sequence is the 
proline or arginine at position 72. Storey et al found an association between 
the arginine form of p53 and cervical cancer development and proposed that 
this genotype is more susceptible to HPV E6 mediated degradation230. This 
theory was however refuted by other studies based on larger materials255-257.
Since then, there have been many reports on this p53 polymorphism and risk 
for cervical cancer and the results are largely contradictory. It was suggested 
that inconsistencies was due to interlaboratory variation and that this af-
fected ability to detect the association258. However, a recent meta-analysis 
covering 45 studies published between 1998 and 2002 found that the argin-
ine encoding risk genotype has no effect on pre-invasive cervical cancer259.
The differences between the studies could both be due to methodological 
aspects contributing to Hardy-Weinberg disequilibrium and study design 
properties resulting in less than ideal circumstances for evaluating this 
polymorphism259. Many that have reported an association have performed 
the studies in small case-control materials without sufficient power and it is 
likely that many findings are type I errors. Still, the lack of confirmation 
between studies can also reflect locus heterogeneity between populations. 
Indeed, it was only just shown in a pooled analysis of different ethnicities 
that the homozygous p53 arginine genotype is significantly associated to 
cervical cancer in Caucasians but not in any other population260.

Meta-analysis of cervical cancer candidate genes 
A recent review made a pooled analysis of all published studies on genetic 
risk factors for cervical cancer to get sufficiently large sample sizes260. The 
goal was to evaluate polymorphisms associated with CIN and/or cervical 
carcinoma in more than one study. They used all available results in PubMed 
from 1980 to January 2002. The genes studied have in general been chosen 
on the basis of their involvement in the defence against viral infections and 
tumour development. Reported risk factors encoded proteins important for 
the HPV immune response, tumour-suppression and metabolic pathways.  
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The conclusion was that only analysis of p53 and HLA class II DQB1 and 
DRB1 had sufficient large sample sizes and adequate power to confirm or 
exclude an association to cervical carcinoma260. Pooling all studies on p53 
showed an association for the arginine homozygous genotype with cervical 
cancer development, but not CIN, and only in Caucasians. HLA DQB1*02 
(*02 and *0201) and *03 (*0301,*0302 and *0303) were associated with 
increased risk of CIN and cervical cancer. An increased risk for CIN and 
cervical cancer was also found for the allele DQB1*0602. However, together 
the DQB1*06 alleles were significantly associated with a decreased risk for 
developing the disease. The alleles *0501/04 and *0503 were also responsi-
ble for a decreased risk of developing CIN and cervical carcinoma. Protec-
tive effects was significantly found for DRB1*0101, *0102 and *1301 al-
leles. DRB1*04, DRB1*08, DRB1*05 and DRB1*15 were associated with 
an increased risk for CIN or cervical cancer. In addition, an association to 
increased risk was found for alleles of the immunologically connected IL-10, 
to the methylenetetrahydrofolate reductase (MTHFR) and metabolic 
CYP2D6. However, no conclusion could be drawn for IL-10 due to differ-
ences in alleles and genotypes between populations. This gene might still be 
a susceptibility factor on some ethnic populations but more studies are 
needed. In the pooled analysis of the gene encoding the folate metabolism 
enzyme MTHFR increased power is required. However, the results suggest 
that MTHFR might be involved in cervical cancer susceptibility and that this 
is connected to cancer through abnormal DNA methylation and synthesis261-

263. CYP2D6 was significantly associated to CIN but not cervical cancer. The 
association was strongest in smokers with high-grade CIN260.
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Materials and Methods 

The first thing to consider when starting a study of a human complex disease 
is what genetic material to use. In principle you can use three different 
strategies in human genetic mapping; (1) family studies, (2) animal models 
and (3) case-control studies (Figure 11). The strategies all have advantages 
and disadvantages. The power of a test is the probability of rejecting the null 
hypothesis given that an alternative hypothesis is true. Power depends on the 
sample size, the specifications of the alternative hypothesis and the signifi-
cance level. Identifying a large and informative material is crucial for the 
success of genetic mapping.  

In human genetics linkage analysis in family-based materials is com-
monly used. An advantage of using human samples is that we know more 
about the phenotypes of humans than of any other organism. Large multi-
generational families are highly desired. However, these can be very difficult 
to find for complex diseases. Human families often have only a few off-
spring, the generation time is long and environmental variation between and 
within human populations are considerable. Affected sib-pairs (ASPs) from 
different families can be easier to identify but many pairs are required to 
obtain sufficient power. Animal models can in contrast rapidly create many 
offspring’s in controlled environments. The genetic component can also 
easily be enriched by inbreeding, which decreases the required samples 
needed to find an effect. However, for most complex diseases there are no 
animal models and there is always a question of how relevant the findings 
will be for the human disease. Cases and controls are relatively easy to iden-
tify and are therefore often used for association analysis. Here, it is impor-
tant to use carefully matched samples from a homogenous population. A 
major problem is that many studies are performed using very small case-
control materials. There is a bias towards publishing only positive associa-
tions in scientific papers, which further results in increased irreproducibility 
of reported associations264. In a meta-analysis of 166 putative associations 
only 6 had been consistently replicated265. It is clear that more efforts are 
needed in this field of research to pool samples and make collaborations in 
order to achieve studies of sufficient size. 
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 Figure 11. Materials used in genetic mapping of complex diseases. 

Another important thing to consider is what analytical method to use. Ba-
sically there are two main approaches, linkage analysis and association 
analysis. Linkage analysis is used in family materials, while association 
analysis is mainly used in case-control materials. The different methods can 
also be further divided into genomewide analysis or candidate gene analysis. 
Genomewide approaches consider the whole genome and candidate gene 
analysis looks at alleles in one particular locus. For identification of new 
candidate genes, without prior consideration of their function, genomewide 
analysis can be applied. Traditionally this has been carried out mainly in 
family-based materials, but genomewide association analysis using cases and 
controls is now being performed. Candidate genes can also be analysed be-
cause their protein product is somehow connected to the nature of the dis-
ease. Candidates can be evaluated in family materials but the final proof for 
an involvement of a particular gene is usually based on association analyses 
in case-control materials. 

1. Families  
-Multicase  

    -Affected sib-pairs

2. Animal models

3. Cases and controls 
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A major difficulty in the study of complex diseases is that individual 
genes may be neither necessary nor sufficient for disease development. A 
complex phenotype may also result from different combinations of suscepti-
bility genes and environmental factors (Figure 1). Genetic heterogeneity is 
also abundant in complex diseases. Two families with the same disease can 
be affected due to mutations in different genes (locus heterogeneity) or due 
to different sequence variation in the same gene (allelic heterogeneity). The 
different loci might also interact by enhancing or suppressing each other and 
these complex patterns are called epistasis266, 267. Some individuals that in-
herit disease alleles will not manifest disease and some individuals that do 
not carry a susceptibility genotype will develop disease. This reduced pene-
trance and phenocopies are very common and further complicates attempt to 
identify genetic risk factors in humans. 

Collection of Affected-sib-pairs
To be able to study the genetics of cervical cancer a genetic material from 
the Swedish population needed to be identified and collected. In order to 
identify families with different number of relatives diagnosed with cervical 
cancer the Swedish cancer registry and the Swedish Multi Generation Regis-
ter were cross-searched. All cervical tumour cases, classified according to 
the criteria of the 7th revision of the International Classification of Diseases, 
born after 1940 and reported to the Swedish Cancer Registry before 1993, 
were localized. Among the diagnoses included, dysplasia constituted 10%, in
situ cervical carcinoma 85% and invasive cervical carcinoma 5% 223. These 
individuals were then identified in the Swedish Multi Generation Register 
(Statistics, Sweden). In total, 1,800 ASPs, 2,855 affected mother-daughter 
pairs, 232 families with three cases and eight families with more than three 
cases were identified in the whole Swedish population. Because there were 
relatively few families with more that three cases identified it was decided 
that the ASP strategy would be our initial choice in determining the genetic 
components of cervical cancer. The sib-pairs and mothers with a diagnosis 
of cervical carcinoma were selected from the 1,800 ASPs and were invited to 
participate in the study. In total, 4,145 women were invited and blood sam-
ples were obtained from 2,135 participants (51%). The collected material 
corresponded to 641 ASPs and with available relatives a total of 1,306 indi-
viduals. A majority of these women were diagnosed with cervical carcinoma 
in situ (89.7%). A set of 278 ASPs, corresponding to 576 individuals, were 
chosen for the initial analysis. The study was approved by the Research Eth-
ics Committee of Uppsala University. This is one of the largest existing ASP 
materials and the only family-based material reported for cervical cancer. 
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Linkage analysis 
Linkage is the tendency of alleles of close chromosomal loci to be inherited 
together. The reason for this phenomenon is that meiotic recombination will 
rarely separate loci that are situated in vicinity of each other in a genomic 
region. The basic concept of linkage analysis is that related persons that are 
affected by a particular disease will show excessive allelic sharing in regions 
and genes important for disease development. The aim is therefore to detect 
such shared genetic variations and investigate a possible connection to the 
disease development. Linkage analysis is performed in family materials, 
multicase families, affected sib-pairs or animal models.  

Genomewide linkage analysis 
In order to perform an unprejudiced approach to identify the genes predis-
posing to a complex disease genomewide linkage analysis can be used. This 
linkage analysis has been very powerful in identifying the genes causing 
monogenic disorders268. Genomewide linkage analysis has also been quite 
successful in mapping loci affecting complex traits269-273.

The physical map of the human genome is consisting of approximately 
3.08 *109 base-pairs2 and the human genetic map is about 3,600 centi-
Morgan (cM)274. A recombination frequency of 1% corresponds to about 
1cM and 1.1*106 base-pairs between two loci274. However, the recombina-
tion rate differs largely between different region in the genome and between 
different individuals275, 276. The recombination frequency also differs be-
tween the sexes, the genetic map of the human female is approximately 
4,460 cM while and the map of the human male is 2,590 cM274.

The strategy of genomewide linkage analysis is to analyse multiple ge-
netic marker loci spanning all chromosomes in order to find polymorphisms 
that co-segregates with a disease of interest in families. The markers could 
be either single nucleotide polymorphism (SNP) or microsatellites. SNPs 
normally have two alleles and are very abundant in the genome, every thou-
sand base-pair is a SNP. These polymorphisms are located everywhere on 
chromosomes and large-scale typing systems are available. Microsatellites 
are also distributed throughout the genome but are not as abundant as SNPs. 
About 105 such marker loci exist in comparison to 106 SNP positions. An 
advantage with microsatellites is that they are much more informative since 
they can have many alleles.  

Meoitic recombination will rarely separate markers that are close to the 
risk gene. Alleles in close vicinity on a chromosomal region are said to be in 
linkage disequilibrium (LD) if they are always transmitted as a block, also 
called haplotype, through pedigrees. Blocks of linked alleles are used for 
mapping complex disease genes. The markers are like flags in the genome 
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and the goal is to find markers that are close and tightly linked to the disease 
gene.

When conducting a genome scan typically 400 microsatellites are initially 
genotyped in an family-based material. This means that you scan the genome 
on average every 10thcM. The markers are then statistically analysed in order 
to find loci that are co-segregating with the disease. Linked regions are then 
further analysed with additional markers in a step called finemapping. This 
will decrease a region of interest as much as possible. The composition of 
the genetic material used for the genome scan will have strong influence on 
the size of this region. The smaller the region linked to disease, the better. It 
is often necessary to isolate a region not larger than a couple of cM in order 
to successfully map a complex disease. A chromosomal region of interest 
can contain many genes. The human genome consist of 20-25,000 protein 
coding genes but density varies between different genomic regions2. Today’s 
bioinformatics resources enables efficient searches for genes but it can still 
be very difficult to select a candidate. Some chromosomal regions linked to a 
disease can be unsatisfactory covered and many proteins still have unknown 
functions. A candidate gene can be chosen due to many different reasons. 
Mainly they can be selected on the basis of:  

1. Candidate function. A defect function agrees with the 
disease phenotype. The function can be based on a prior 
biological knowledge or being theoretical. 

2. Candidate expression. Cell or tissue expression of the 
gene agrees with disease phenotype.

The candidate function and expression can be for the disease under investi-
gation, in other diseases with similar characteristics or in animal models. 
Knowing as much as possible about the aetiology of the diseases, in particu-
lar about the other risk factors, both environmental and genetic, will facili-
tate when deciding on a candidate. The ultimate proof for that a gene is in-
volved in a disease is achieved when an allele is associated to the disease in 
a case-control material. A significantly higher portion of cases should carry 
this variant in relation to healthy controls. 

Linkage analysis of candidate genes 
In addition to linkage analysis of the whole genome, single candidate loci 
can also be investigated in family-based materials. The excess allelic sharing 
in a particular genes or regions is then determined. Still, the gene of interest 
must be confirmed as a risk factor in association analysis and therefore this 
approach is not commonly used.  There is great irreproducibility in associa-
tion studies largely due to the difficulty in collecting large and well matched 



46

case-control materials264, 265. Therefore, analysis of large families or ASP 
materials can contribute to the evaluation of candidate loci for complex dis-
eases. Linkage analysis of single candidate genes in large and well-
characterised family-based materials is especially useful for excluding pre-
viously proposed genetic risk factors.  

Statistical methods in linkage analysis of ASPs 
The classical statistical method for linkage analysis is the logarithm of odds 
(lod) score method277, 278. The analysis can broadly be divided into paramet-
ric linkage analysis and non-parametric linkage analysis. Parametric analysis 
is standard lod-score analysis and requires a precise genetic model, detailing 
the mode of inheritance, gene frequencies and penetrance of each genotype. 
This analysis if often performed on family materials. The result of paramet-
ric linkage analysis is lod-scores at various recombination fractions. A lod-
score is a measure of the likelihood of genetic linkage between two loci and 
is the log (base 10) of the odds that the loci are linked rather than unlinked: 

                                       H1
Lod score=log10 
                                       H0

H0 = No linkage 
H1 = Linkage 

If the lod-score statistics is sufficiently large then H0 can be rejected and 
linkage can be declared. For a mendelian character a lod-score greater that 3 
is evidence of linkage and correspond to 1000:1 odds. Non-parametric link-
age analysis does not require specification of disease model parameters such 
as gene frequencies and penetrances. This is particularly useful for complex 
traits where the mode of inheritance is unclear. Non-parametric approaches 
are used on ASP materials and sometimes on families. These methods ignore 
unaffected individuals and just examine alleles or chromosomal segments 
that are shared by affected individuals. 

Sib-pair analysis is one of the oldest methods of detecting genetic link-
age279. It is usually easier to collect large ASP materials than pedigrees with 
multiple affected members. The disadvantages with using ASP analysis in 
studies of complex diseases is that it may be less powerful than parametric 
methods on families when the disease model is known and where parameters 
of interest such as the recombination fraction can be estimated. 

A child will inherit 50% of the genes from the mother and 50% of the 
genes from the father. So at any locus there will normally be an equal chance 
of a child to inherit either of the two alleles from a parent. For a pair of sib-
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lings there is therefore a 50% chance that they have inherited the same allele 
from a particular parent. However, if both siblings share a character like 
some genetic disease, they are more likely to have inherited the same allele 
(probability >0.5). If a sib-pair has inherited the same common disease allele 
from one or both parents then both pairs should also inherit the chromosome 
region surrounding the allele.  Such linked regions are possible to identify 
when studying which chromosome segments that are shared more often than 
expected by chance. Basically, the number of marker alleles in common 
between ASPs is statistically evaluated. The underlying assumption is that 
ASPs will show excess sharing at loci important for disease development. 

The ASP strategy is always non-parametric, i.e. does not depend on a dis-
ease model, and consider marker similarity, as the number of alleles shared. 
A sib-pair can be identical by descent (IBD) or identical by state (IBS) at 
different loci. Alleles that are IBD are copies of the same specific ancestral, 
usually parental, allele. Genes with the same allele value, they appear the 
same and may have the same DNA sequence, but are not derived from a 
known common ancestor are said to be IBS (Figure 12). 

Figure 12. Identical by descent (IBD) and identical by state (IBS) in sib-pairs. The 
difference between IBD and IBS is only apparent if the parental genotypes are 
known. Sib-pair A share copies of the same parental A1 allele IBD, sib-pair B have 
two independent copies of A1 that are IBS but not IBD, sib-pair C share allele A1
IBS since no information from the parents are known and sib-pair D share A1 IBS
since no information from the mother is available. 

Most linkage-based methods used in ASP analysis are based on IBD 
status of loci. Very often when collecting ASP materials for the analysis of 
complex diseases it is difficult to obtain parent samples, as is shown in Fig-
ure 12 C. The IBD is then inferred from IBS status and this can lead to a 
reduced precision in assigning IBD and loss of power. Siblings can share 0, 
1 or 2 alleles IBD at a locus and a sib-pair is said to be fully informative if 
the IBD status can be determined from genotype data. If the inheritance of a 
specific locus is purely random it would be expected that 25% of sib-pairs 
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would share 2 alleles, 50% would share 1 and 25% would share 0 alleles 
IBD. If a material of ASPs would show deviation from these random propor-
tions towards excess sharing for a particular locus this would indicate the 
existence of a locus important for disease development (Figure 13). Different 
statistical tests have been proposed to decide between the null hypothesis of 
random segregation and no linkage between the disease and the tested locus, 
H0 (z0, z1, z2) = (0.25, 0.5, 0.25), and the alternative hypothesis of linkage 
between the disease and the tested locus, H1 (z0, z1, z2)  (0.25, 0.5, 0.25), 
where (z0, z1, z2) are the true underlying sharing probabilities. 

Figure 13. Genetic sharing in healthy and affected sib-pairs at a risk locus for a 
complex disease. Healthy sib-pairs show random allelic sharing while affected sib-
pairs show excessive allelic sharing at the locus.  

The ASP analysis methods are designed for detecting allele sharing that 
significantly deviates from the null hypothesis of no linkage. The methods 
can be divided into scoring methods and likelihood ratio methods. There are 
many scoring methods but the most commonly used is the nonparametric 
linkage (NPL) statistics280, 281. There is only one likelihood ratio method for 
ASP analysis, the maximum lod-score (MLS) method. The NPL and MLS 
methods are implemented in computer programs for ASP analysis281, 282.
There are some basic differences between NPL and MLS, which are summa-
rised in Table 3. It is difficult to say in advance which method is the best for 
a certain disease. However, in general NPL test performs well over a wide 
range of plausible disease models. An advantage when applying NPL 
method is that you directly get the p-value corresponding to your score. The 

Healthy sib-pairs

25%  0 alleles IBD 
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25%  2 alleles IBD
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 50%  1 allele IBD 
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significance of a MLS has to be determined by using simulation based ta-
bles283. NPL is effective to use if you have pedigrees with many different 
sizes in the analysis. But if you have only ASPs without parents, then MLS 
statistics are to be preferred. This method allows constraints on the sharing 
proportions, so that they represent possible genetic models. Also the MLS is 
not affected by a “bias” towards the null hypothesis, as the NPL statistics is, 
and generally gives higher power when applying possible triangle con-
straints284. The choice also depends on additional analysis required. Likeli-
hood based methods, like MLS, are more easily extended into multilocus 
models than any other approach.  

In this thesis we have chosen MLS statistics for analysis of the ASP mate-
rial. In the vast majority of the ASPs we were unable to collect parents. 
Therefore we cannot make use of the NPL statistics ability to consider addi-
tional relatives. We are further largely dependent on using constraints on the 
IBD proportions to increase the informativity and power.  

Table 3. Comparison of the two most commonly used statistics in analysis of ASPs. 
NPLa MLSb

A scoring method A likelihood ratio method 
Compares number of alleles shared IBD in 

whole pedigrees 
Looks at sharing 0, 1, 2 alleles IBD within 

pairs of relatives 
A mean test A likelihood ratio test 

2n2 + n1 is tested against N 
~N (0,1) 

H1 is tested against H0
~ 2

No constraints can be applied Can use possible triangle or no dominance 
variance constraints 

No extension for multilocus analysis Can be extended for multilocus analysis 
a Nonparametric linkage 
b Maximum lod-score

Likelihood-based qualitative ASP analysis 
MLS statistics is a likelihood-based approach that has been developed spe-
cifically for the case of affected siblings. This method can also be extended 
to other types of pairs of affected relatives and to multiple disease loci. Basi-
cally you assume that IBD is known for each sib-pair and then the likelihood 
of the whole sample can be expressed in terms of IBD probabilities (z0, z1,
z2). The likelihood is then maximised with respect to the observed propor-
tions to get maximum likelihood estimates. The maximum likelihood is di-
vided by its value in the absence of linkage and the logarithm to the base 10 
is then used to obtain a lod-score. This linkage test is set up as a likelihood 
ratio test of the null hypothesis H0 that the true underlying sharing probabili-
ties (z0, z1, z2) are 0.25, 0.5, 0.25. To test H0 we calculate a modified likeli-
hood ratio statistic or MLS statistic. If this MLS statistic is sufficiently large 
we reject the null hypothesis and declare that we have found linkage. 
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Constraints on sharing proportions 
When using the MLS method one can make constraints on the observed 
sharing proportions in an ASP material. In the unconstrained case we have: 

z0+z1+z2=1.

Here, a MLS of 3 corresponds to a p-value of 0.001. The unconstrained 
method can be useful when you have prior knowledge concerning the mode 
of inheritance. For instance, when the penetrances of the disease genotypes 
are different in the two sib-pairs as in the case when the age of onset differs 
greatly or when one of the sibs only have a environmental risk factor285.

The possible triangle 
Not all possible 0,1 and 2 ratios correspond to realistic genetic models. 
When analysing the genetic sharing at a true risk locus affecting the disease, 
excess allelic sharing is expected. For example, z0=0.7, z1=0.3 and z2=0 at a 
risk locus would imply that affected siblings rarely share a disease allele, 
which is not reasonable. In addition to z2+z1+z0=1, a realistic genetic model 
impose three restrictions on the (z0, z1, z2) proportions: 

zi >0, z2 + z0 z1 and z1 2z0.

These restrictions define a possible triangle which is bounded by the lines 
z0=0, z1=0.5 and z1=2z0 (Figure 14). In order to make genetic sense, the pro-
portions used for MLS calculation must satisfy the above conditions, which 
means that they must lie within the possible triangle. Maximisation on ob-
served IBD proportions is therefore carried out subject to these constraints. 
This alters the asymptotic distributions of the MLS and also its correspond-
ing p-value. When possible triangle restrictions are used a MLS of 0.74 cor-
respond to a nominal threshold of p<0.05 and a MLS of 2.32 to a nominal 
p=0.001283. This means that the possible triangle constrain gives the test 
more power in comparison to the unrestricted case. Using the possible trian-
gle constraints mean that you allow for dominance variance. Generally, the 
possible triangle is the best choice if there are no prior indications of the 
genetic behaviour of the disease283-286.
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No dominance variance 
A particular disease locus can affect the outcome of a disease without domi-
nance variance. This is true for many complex diseases and if this is the case 
then constraints on the proportions according to the no dominance variance 
model is more powerful than the unconstrained model. The restrictions on 
the (z0, z1, z2) proportions with no dominance variance model impose: 

z1=0.5 and z0 0.25.

When using no dominance variance constraints a MLS of 2.07 corresponds 
to a p-value of 0.001285. This method will have reduced power if the trait is 
recessive, as with many complex diseases. 

Significance limits 
Nominal or pointwise p-value is applied when a single test of allelic sharing 
in a candidate gene is performed. This statistic is the probability of exceed-
ing the observed value at a specific position in the genome, assuming the 
null hypothesis of no linkage. When performing a genomewide scan multiple 
tests are conducted and therefore nominal thresholds cannot be used. The 
genomewide p-value is the probability that the observed value will be ex-
ceeded anywhere in the genome, assuming the null hypothesis of no linkage. 
The criteria of genomewide significance is a controversial subject. Calcula-
tions based on an infinitely dense map of perfectly informative markers indi-
cate that suggestive and significant linkage are reached at MLS=2.45 (p=7.4

 10–4) and MLS=3.93 (p=2.2  10–5), respectively, when using the possible 
triangle (allowing for dominance variance)287, 288. But these thresholds can be 
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Figure 14. Possible sharing 
triangle in the z0/z1 plane.
Sharing proportions inside the 
possible triangle represents 
realistic genetic models283.
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too conservative in more realistic situations. Therefore, MLS=3.2 has been 
suggested as a more accurate genomewide significance limit in ASP materi-
als289. In addition it has been recommended to use even lower thresholds in 
order to ensure that loci with weaker effects are not dismissed in genome 
scans. For instance, a MLS greater than 1 has been suggested to be a good 
indication of an area of interest290.

Finding the genes involved in complex diseases by using genomewide 
screens has proved difficult. In a meta analysis of 101 linkage studies in 31 
complex diseases most studies did not show genomewide significant linkage. 
Results from studies of the same disease were often inconsistent291. Factors 
associated with increased success are large number of individuals and that 
samples are drawn from one ethnic group291. For linkage, ASP analysis is 
considered to be a robust method if sufficiently large and informative mate-
rials are included. The fact that so few linkage studies find genomewide 
significant results and that the studies rarely confirm each other can be due 
to locus heterogeneity and many loci of minor effect225. Most complex dis-
eases are determined by many loci of small to moderate effects and an ASP 
analysis can be too limited to detect but very strong susceptibility factors. 
Simulations suggest that at least 500 ASPs are needed to detect loci of mod-
erate effects (1.23 s 1.39) and sample sizes of 1,000-2,000 pairs may be 
required for locating genes of small effects ( s 1.13)286.
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Present investigation 

Aim of thesis 
The overall aim of the papers presented in this thesis is to investigate and 
identify genetic susceptibility factors for cervical cancer. First when the full 
range of risk factors have been identified and we have understood how they 
interact to produce susceptibility will it be possible to understand the aetiol-
ogy of this complex disease. This will lead to increased knowledge of im-
mune responses to HPV infections, yield important insights in host-pathogen 
interactions and provide a foundation for further advances with HPV vaccine 
development.  

The suggested risk factors, HLA class II and I, were studied for the first 
time in a family-based material in paper I. A recently proposed susceptibility 
factor, the Fas –670 SNP, was evaluated in paper II. The interaction between 
host genetic background and viral subtype was explored in paper III. Identi-
fication of new susceptibility regions and genes by linkage analysis were 
performed for the first time for cervical cancer in paper IV and V. 

Paper I

Background
Due to the pivotal role of the HLA molecules in the defence against viral 
infections they represent obvious genetic candidates for cervical cancer sus-
ceptibility. Many studies have analysed the class II genes but not the class I 
genes due to the availability of robust HLA class II genotyping systems. The 
association studies of HLA class II and cervical cancer, which mainly have 
focused on the DQB1 and DRB1 loci, show inconsistent results. The 
DQB1*0301-0303 alleles292-301 and the DQB1*0602/DRB1*1501 haplo-
type297, 302-307 are most commonly associated with increased risk of develop-
ing cervical cancer243. In Sweden the DQB1*0602/DRB1*1501 haplotype is 
especially recognised as a risk factor associated with HPV16 infection and 
higher HPV16 viral load in cervical cancer in situ cases75, 297, 307. Protective 
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effects of certain HLA class II alleles are also reported and these findings are 
more consistent than the reporting on the risk alleles. In a meta-analysis, 18 
of 19 studies showed some evidence of a protective effect of the 
DQB1*0603 and DRB1*1301-05 alleles, which are in LD243. The class II 
locus DPB1 have in contrast not been investigated thoroughly but is also a 
potential risk factor. The importance of individual HLA class I loci has simi-
larly not been widely explored. Among the few studies performed, associa-
tions to certain HLA-B alleles have been found. The HLA-B7 allele, which 
is in LD with the DQB1*0602 and DRB1*1501 alleles, has shown an asso-
ciation with cervical cancer308. The HLA-B7 in combination with 
DQB1*0302 have also been associated with increased risk of the disease309, 

310. HLA-A is another class I locus that are discussed as being a prominent 
candidate but has not been comprehensively investigated. The relationship 
between development of cervical carcinoma and different HLA alleles was 
previously only investigated in association studies of cases and controls. A 
major problem in many such reports is the limited sample sizes and absence 
of correction for multiple testing. In paper I the class II DPB1, DQB1 and 
DRB1 and the class I HLA-B and HLA-A loci were studied in a population-
based sample of 278 ASPs, since other types of materials, such as familiar 
cases, may provide additional information on the importance of individual 
loci or regions within the HLA complex.

Results
Significant excess genetic sharing was found for all three HLA class II loci 
studied, DPB1, DQB1 and DRB1 (multipoint MLS=0.93, p<0.05,
MLS=1.27, p<0.05 and MLS=1.26, p<0.05 respectively)283. In contrast, 
there was no evidence of excess sharing for the HLA class I HLA-B and 
HLA-A loci.  

The most frequently shared alleles within the sib-pairs at DQB1 and 
DRB1, which gave the strongest evidence for linkage, were the DQB1*0602 
and DRB1*1501 alleles. When the material was stratified on the basis of the 
DQB1*0602/DRB1*1501 susceptibility haplotype, carriers showed signifi-
cant sharing for all loci, p<0.0001, while non-carriers showed no evidence of 
excess genetic sharing at any of the loci. However, for the DPB1 locus there 
was no difference in allele frequency between carriers and non-carriers, 
which imply that the effect indicated in DPB1 is not due simply to LD.  

The frequencies of the protective DQB1*0603 and DRB1*1301 alleles 
was lower in the ASPs relative to the Swedish population frequency and also 
to random cervical cancer cases, supporting a protective role. 
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Discussion
Paper I emphasise the importance of class II rather than class I alleles in 
cervical carcinoma. Other data also argue strongly for a contribution of HLA 
class II instead of class I loci. A significantly greater proportion of patients 
carry the HLA class II DRB1 1501 allele while no significant difference 
between cases and controls are found for the class I HLA-B 07 allele246. A 
recent analysis of markers covering the entire HLA further show that there is 
only an association of the region containing the DQ and the DR genes with 
the risk of developing cervical carcinoma311. A pooled analysis show that the 
class II DQB1 and DR loci together with p53 are the only genetic risk fac-
tors for the disease to date with sufficient power to confirm an association260.

For the first time evidence is found for the DQB1 and DRB1 loci in a 
family-based material. The DQB1*0602/DRB1*1501 haplotype contributed 
most to the excess genetic sharing found at these two loci. This supports 
previous analysis of Swedish cases and controls showing an association to 
these alleles and infection by HPV16, increased viral load and HPV16 per-
sistence in cervical cancer patients75, 297, 307. In addition the 
DQB1*0602/DRB1*1501 haplotype appear to be involved in development 
of cervical neoplasia in other populations297, 302-306. We also propose in paper 
I that the class II DPB1 locus individually contribute to the genetic suscepti-
bility.  

The link between cervical cancer and HLA class II can be explained by a 
critical function during the initial phase of infection and/or tumour develop-
ment. In early stages of infection class II antigen presentation can be accom-
plished by resident APC or by HPV infected keratinocytes in the cervical 
epithelium. In the recognition phase of T-cell responses, APCs present anti-
gens to CD4+ T helper cells on HLA class II molecules. This induces IL-2 
secretion, clonal expansion and differentiation of the T-cells into effector 
cells or memory cells. The effector T-helper cells activate macrophages, B-
lymphocytes and CD8+ T-cells and induce inflammation. LH cells, the 
APCs of the cervical mucosa, are likely to be involved in the key event es-
tablishing a robust defence against HPV infection. It has been shown that 
dendritic cells can bind and take up HPV derived VLPs by endocytosis312. So 
both direct infections or endocytosis of extracellular proteins can result in 
class II presentation on these APCs. Class II can also be up-regulated on 
keratinocytes upon inflammation and this may be due to IFN-  secretion by 
activated T lymphocytes202-204. Regardless if the HLA class II susceptibility 
is due to cervical APCs or keratinocytes, a likely function is that women 
carrying the susceptibility DQB1*0602/DRB1*1501 haplotype are unable to 
accomplish a sufficient HPV antigen presentation to the cellular immune 
response. The class II susceptibility can also be connected to later stages 
when a tumour has been formed. It is a fact that many cervical tumours loose 
the cell surface HLA class I molecules194, 195 and this loss has been correlated 
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with tumour invasiveness and more aggressive histology196-198. Display of 
class II may allow cancer cells to present antigens to the immune system 
implying that these molecules in some unknown way participate in eradicat-
ing the tumour cells. Consequently, class II susceptibility alleles may influ-
ence disease development by weakening a tumour suppressing mechanism. 
However, the immune response eliminators only respond to class I presenta-
tion. For that reason it would be very interesting to do more research on pos-
sible class II induced class I up-regulation in epithelial HPV transformed 
tumour cells.  

The HLA class I HLA-B and HLA-A do not appear to have any signifi-
cant impact on predisposition to cervical cancer. Epidemiological studies 
similarly show that no single allele at HLA class I B, C and A loci has a 
statistically significant or consistent increase on risk for cervical cancer313, 

314.The lack of significant effect could be partially explained by the powerful 
evasion of these molecules. The HPV16 E5 protein can downregulate sur-
face expression of HLA-A and HLA-B200 and cervical tumours also show 
efficient down-regulation or complete loss of HLA class I expression194-198. It 
cannot be excluded that class I have impact on later stages of disease pro-
gression. However, the HLA antigen presentation with strongest influence 
on disease progression seems to be mediated by class II molecules. 

Linkage and association studies of autoimmune and inflammatory dis-
eases such as type I diabetes315, multiple sclerosis316-318 and systemic lupus 
erythematosus319 give strong signals in the MHC on chromosome 6p. Infec-
tious diseases like malaria320 and AIDS321 have also frequently been associ-
ated with HLA. When comparing cervical cancer and other diseases with an 
immunologic link it is interesting to conclude that the genetic susceptibility 
is largely influenced by the same haplotypes. For instance, in type I diabetes 
mellitus the DQB1*03, DQB1*0201, DRB1*0301 and DRB1*04 alleles are 
among the ones most consistently associated to high risk, while the 
DQB1*0602/DRB1*1501 haplotype is associated with low risk322. Support 
also exist for a independent role of DPB1 in type I diabetes323-326. Evidence 
for the involvement of specific HLA alleles in the resistance or susceptibility 
to HIV-1 and AIDS also exist321. In contrast to cervical cancer, a class I al-
lele, the HLA-B*35, are the most consistent risk associated allele in AIDS 
patients. In HIV-1 infected persons a protective effect are also found in the 
HLA class I loci by the HLA-B*27 and *57 alleles. Also similarly to cervi-
cal carcinoma, the class II DRB1*13 allele has been associated with a pro-
tective effect in AIDS321. All these reports further strengthen the importance 
of the HLA molecules during different kinds of immune reactions, but the 
alleles involved can vary between different diseases and populations. 
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Paper II

Background
The transmembrane death receptor Fas (CD95/APO-1) has a key role in 
known apoptosis pathways and is a member of the tumour necrosis factor 
receptors superfamily. The binding of Fas-L to the cell surface death recep-
tor Fas activates intracellular cascades that ultimately cause apoptotic death 
of the cell (Figure 15)327, 328. The induction of apoptosis in lymphocytes has 
two main mechanisms; (1) passive programmed cell death as a result of loss 
of stimuli and (2) activation induced cell death (AICD). The AICD pathway 
of apoptosis in lymphocytes is triggered by binding of ligands to death in-
ducing membrane receptors like Fas329. Lymphoid cells and many other cell 
types express the Fas receptor while the membrane protein Fas-L is mainly 
expressed on T-lymphocytes after activation. The principal physiological 
role of AICD is elimination of self-reactive lymphocytes that repeatedly 
encounter self-antigens in order to prevent uncontrolled activation of lym-
phocytes. However, Fas/Fas-L mediated cell death also serve other functions 
than lymphocyte apoptosis such as cytolysis. 

The Fas promoter has a SNP at –670 with two alleles (A/G)330. The A al-
lele has been associated to autoimmune diseases331, 332 and to cervical car-
cinogenesis in a Chinese case-control material250. The Fas –670 A allele has 
also shown a higher binding affinity for the signal transducer and activator 
of transcription (STAT) 1 protein332 and therefore it has been suggested that 
a higher transcription of the A allele could increase Fas-mediated AICD250.
This would then lead to a reduction of CTL response and be beneficial for 
HPV in establishing persistent infections. The aim of paper II was to further 
investigate the Fas receptor SNP as a susceptibility factor for cervical carci-
noma, using 278 population-based ASPs with a diagnosis of cervical carci-
noma in situ.

Results
No significant deviation from random genetic sharing was found for the Fas 
receptor SNP either using the entire set of sib-pairs or when the material was 
stratified on the basis of carrier status of the HLA class II susceptibility 
DQB1*0602/DRB1*1501 haplotype.  

Discussion
In paper II we show that the Fas –670 SNP does not seem to have a major 
impact on susceptibility to cervical carcinoma in situ in the Swedish ASPs. 
Other recent studies in Polish333 and Chinese252 cases and controls also do 
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not find any association to this SNP and thereby support our results. The 
reason why the initial association described in a Chinese population of Tai-
wan250 is not seen in other studies is not clear, but may be due to geographic 
or ethnic differences in genotype frequencies, genotyping problems such as 
allelic dropout, or differences in cancer diagnosis. For example, the fre-
quency of the Fas –670GG genotype in healthy controls of the second Chi-
nese study is not significantly different from the Polish study but is signifi-
cantly lower than in the first Chinese study252. In paper II, the genotype fre-
quencies of the Fas –670 were not included due to the ASP design, but it 
would be interesting to type Swedish healthy controls and compare the geno-
type frequencies to the other populations. It is surprising that two Chinese 
studies of large and similar sample size (n=822 and n=942) contradict each 
other. However, the first study had a large contribution of patients with inva-
sive cervical cancer and HSIL, while the second study was composed of “all 
eligible patients diagnosed with cervical carcinoma”250, 252. Different genetic 
risk factors might influence different stages of cancer. Progressed epithelial 
cancers are known to show genomic instability58-60 and Fas –670A allele 
might affect the late development of many cancers, such as cervical carci-
noma. In a recent follow up paper based on the same case-control material 
from the Chinese population of Taiwan, the authors blame the inability to 
take environmental effects into account for the contradictory results between 
the studies251. But if the first –670 SNP association is not replicated in other 
cohorts, not even in follow-up studies of the same population, it is likely to 
be a false positive. 

Fas-L

Fas

Death domain

Apoptosis

FADD

Caspase

Effector caspase

Figure 15. Cross linking of Fas 
by Fas-L. Mature T-cells repeat-
edly stimulated by antigens co-
express Fas and Fas-L. Fas-L 
bind to Fas on the same or adja-
cent cells clustering three Fas 
molecules. The clustering of 
intracellular death domains bind 
a cytosolic Fas associated death 
domain (FADD) that can bind to 
caspases. Caspases undergoes 
autocatalytic activation upon 
FADD binding and is able to 
activate effector caspases and 
trigger apoptosis327, 328.
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One can also question the suggested interaction between the Fas –670 A 
allele and STAT 1 transcriptional activator. In fact, no significant difference 
in Fas transcriptional activity has been observed between the A and G al-
leles332. Thus, the hypothesis outlined by Lai et al that the A allele of the Fas
promoter increases Fas-mediated AICD and result in a reduction of CTL 
response to HPV infections seems speculative250.

Despite the conflicting results of the Fas receptor –670 SNP an involve-
ment of Fas in the susceptibility to the disease due to other regulatory 
mechanisms of Fas gene expression, cis or trans, cannot be excluded. Unde-
niable, a decreased Fas expression is detected in cervical tumours334. Fas 
gene mutations and down regulation are also reported in other non-lymphoid 
cancers335-337. ILs and Fas-L are interesting candidates that might influence 
susceptibility to cervical carcinoma by alterations of regulatory pathways of 
Fas. IL-2 and IL-7 have shown to rescue CTL from Fas-mediated apoptosis 
induced by co-cultured cervical tumour cells338 and the mechanism of IL-2 
and IL-7 should be further studied in relation to HPV infection. Up-
regulation of Fas-L expression is also found in many cancers339, 340. Recently 
a Fas-L–844C polymorphism was associated with increased AICD and risk 
of cervical cancer252. A combination of a Fas –1377A/–670A haplotype with 
Fas-L –844C was just associated with cervical carcinogenesis251. Moreover, 
interactions of Fas –1377AA and Fas-L –844CC appears to increase risk of 
esophageal squamous-cell carcinoma and lung cancer in a multiplicative 
manner341, 342. Large-scale analyses of haplotype patterns and polymorphisms 
in the Fas, Fas-L and ILs are needed on additional patient cohorts and in the 
ASP material, to further explore their influence on the genetic susceptibility 
to the disease.  

Paper III

Background
Development of cervical cancer is dependent on both host and viral risk fac-
tors. HPV16 is the most common high-risk type associated with cervical 
cancer21, 54. A certain L83V sequence subtype of the HPV16 E6 gene has 
been proposed to affect the risk of developing persistent infection74 and pro-
gression into invasive cervical carcinoma80, 81. Studies have also suggested 
that the HPV16 E6 L83V sequence variant interacts with variation in host 
risk genes, such as the HLA class II and p53, in promoting susceptibility of 
the disease343, 344. In addition, NEL HPV16 E6 subtypes have been associated 
with a higher risk of high-grade CIN and carcinoma than EL variants77, 78.
The effect of these viral E6 variations together with host HLA class II DQB1 
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and DRB1 alleles on risk of developing cervical cancer in situ was examined 
in paper III in a large population-based case-control material.  

Results
No significant difference between cases and controls in the frequency of EL 
and NEL E6 sequence variants was observed. No difference in the frequency 
of prototype and non-prototype HPV16 E6 sequence variant was found ei-
ther. The DQB1*0602/DRB1*1501 was not associated with any HPV16 E6 
variants, either NEL or L83V substitutions. However, the E6 L83V substitu-
tion was more prevalent among women carrying the DQB1*03/DRB1*04 
haplotype than among non-carriers (p=0.02).

Discussion
Viral sequence subtype per se does not appear to be strongly associated with 
cancer in situ in this material. Nevertheless, caution must be taken when 
interpreting the results since the analysis was suffering from statistical power 
due to the low frequency of NEL variants among Swedish HPV16 infected 
women. However, the conclusion that the L83V substitution is not associ-
ated to disease is reliable since this sequence variation is fairly frequent in 
both cases and controls (40% and 36% respectively). However, women with 
the DQB1*03/DRB1*04 haplotype appear more sensitive to the HPV16 E6 
L83V variant which is consistent with findings in four other populations 
including this one344. DQB1*0301-0303 have been associated to cervical 
cancer in many studies292-301. In contrast, the largest association analysis 
performed to date in a Swedish population, did not find any difference in 
allele frequencies between cases and controls of any DQB1*03 alleles307.
Instead, the DQB1*0602/DRB1*1501 haplotype seems to be a prominent 
risk factor in Sweden75, 297, 307. The DQB1*0602/DRB1*1501 haplotype was 
not connected to any specific HPV16 subtype in paper III. This implies that 
this haplotype increase susceptibility to HPV16 infection and cervical cancer 
generally and independent of E6 subtype in many populations75, 297, 302-307.

In contrary to association studies, ASP analysis do not directly determine 
importance of specific alleles. Instead excess allelic sharing is determined at 
specific loci. Nonetheless, in paper I it was clear that the 
DQB1*0602/DRB1*1501 haplotype contributed most to the excess genetic 
sharing found at the DQB1 and DRB1 loci. However, a notable contribution 
to allelic sharing was coming from the DQB1*0301-03 alleles. A total of 66 
sib-pairs of 278 were carriers of at least one DQB1*0301 allele, 52 of 
DQB1*0302 and 12 of DQB1*0303 (data not shown in paper I). It would be 
interesting to determine the HPV16 E6 subtype in tumours derived from 
these ASPs and study the correlation between DQB1*03 alleles and E6 
L83V sequence variant.
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Paper IV 

Background
Linkage analysis is a powerful method to identify genes causing monogenic 
diseases268. The strategy has also been successful in mapping loci affecting 
complex traits269-273. Linkage-based methods have previously never been 
used to scan for loci influencing cervical cancer. The reason for that is that 
no suitable family-based materials have been collected for the disease. In 
paper IV we report the findings from the first genomewide scan for cervical 
cancer susceptibility loci using 278 population-based ASPs.  

Results
A total of nine marker loci positioned on eight chromosomes (1p36.21, 
3q13.12, 4q35.1, 5p15.33, 9q32, 12q24.32, 12q24.33, 16q24.1, 22q11.21) 
gave MLS > 1 in single-point and/or multipoint analysis of the ASPs in the 
first step of the genome scan. In general the multipoint MLS were lower than 
single-point lod-scores, but the results from the two analyses were very simi-
lar. In the single-point analysis one marker, D3S3045, yielded a lod-score of 
>2 and seven markers, D1S1597, D4S408, D5S392, D9S930, D12S392, 
D16S539 and D22S446, gave single-point MLS>1. Multipoint MLS reached 
1 for four markers, D3S3045, D4S408, D12S392 and GATA32F05.  

Finemapping of the nine marker regions reduced the genetic map intervals 
to an average of 1.28 cM per marker. This increased information strength-
ened the evidence of linkage for the three regions 9q31.1-9q33.1, 12q24.23-
12q24.33 and 16q24.1-16q24.3. Nominal significant multipoint MLS were 
found at 9q32 (D9S1856 and D9S930, MLS=1.95, p<0.002), 12q24 
(D12S1609 and D12S1679, MLS=1.25, p<0.015) and 16q24 (D16S539, 
D16S520 and D16S3048, MLS=1.35, p<0.012).

The 9q32, 12q24 and 16q24 have previously been linked to several hu-
man cancers with similar characteristics as cervical carcinoma, such as eso-
phageal, ovarian and breast cancer. Genes associated with defence against 
viral infections and tumour suppression are also located in these three re-
gions.

Discussion
This first genomewide scan of cervical cancer ASPs suggested that the 9q32, 
12q24 and 16q24 region contain susceptibility loci of low to moderate ef-
fects. The lod-scores in these regions reached nominal but not genomewide 
significance. However, the fact that several other cancers are linked to these 
three regions and that we are dealing with a complex disease with many risk 
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factors further support that they might contain genes involved in the predis-
position to cervical cancer. It is a problem that false linkage results are pub-
lished in literature. Still, it is important that factors and regions with low to 
moderate effects found in genomewide linkage studies are reported. If for 
instance many diseases of similar aetiology are weakly linked to the same 
chromosomal region, this would give further support to an involvement of 
this region. Reporting of susceptibility loci with low to moderate effect will 
be especially important for future studies on the interaction of several risk 
factors for a complex disease.  

At 9q32 we identified two interesting candidate genes for cervical carci-
noma, given their known expression and functions so far, the thymic stromal 
co-transporter (TSCOT) and deletions in esophageal cancer 1 (DEC1). 
TSCOT has a potential role in both thymal development and peripheral func-
tions of T-cells345, 346and is interesting in relation to cervical carcinoma since 
cellular immunity appears critical in elimination of HPV infected cells141-146, 

155-157. DEC1 is often deleted in esophageal cancer347, 348 and is interesting 
because oncogenic HPV types are environmental risk factors in both cervi-
cal23, 24 and esophageal carcinoma349, 350. A promising gene at 16q24.3 also of 
interest to study further is the CBFA2T3 since the protein product has TS 
functions351, 352. Paper IV provides a starting point for replication in other 
cohorts and candidate gene analysis. 

Paper V

Background
The strongest linkage signals in the finemapping of the previous ge-
nomewide scan (paper IV) were obtained at the 9q32 locus. The gene encod-
ing TSCOT is an interesting candidate because it is located close to D9S930, 
the microsatellite yielding the highest multipoint lod-score in the scan. Nor-
mal thymopoesis is a tightly regulated multistep process that involves inter-
action between immature thymocytes at different developmental stages and 
surrounding specialized stromal cells localised in particular compartments of 
the thymic microenvironment140. Mature, self-tolerant and MHC restricted 
T-lymphocytes are exported to the different compartments of the peripheral 
T-cell pool after multiple rounds of proliferation and differentiation139. It is 
believed that the different epithelial cells in the thymus provide critical sig-
nals to developing thymocytes. The molecules on or secreted by these cells 
are directly or indirectly responsible for inducing or modifying all of these 
processes. The genes encoding such molecules can thus potentially influence 
the antigen and MHC specificity of T-lymphocytes. Thymic cortical epithe-
lial cells express high levels of TSCOT but lower levels are also detected in 
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human peripheral blood lymphocytes345, 346. Since CMI is important in the 
immune defence against HPV141-146, 155-157 TSCOT may affect cervical cancer 
susceptibility. In paper V the 9q32 linkage peak and the candidate gene 
TSCOT were further evaluated in a larger material consisting of 641 ASPs. 
Close markers in 9q31.1-33.1 were scanned and polymorphisms in TSCOT
were analysed in the ASPs with the purpose of establishing their role in cer-
vical cancer susceptibility.

Results
Linkage analysis was performed in both the whole ASP material and in two 
groups stratified on mean age at diagnosis (MAAD) within an ASP. Analysis 
of the markers in 9q31.1-33.1 revealed great differences between the total 
ASPs and stratified materials. Six markers in the unstratified ASP material 
(D9S1675 D9S1828, D9S1683, D9S1880, D9S1856 and D9S930) yielded 
multipoint MLS of nominal significance (p<0.05)283. No deviation from ran-
dom genetic sharing was found at any microsatellite locus in the strata with 
lower MAAD (19-30 years). In contrast, ASPs with higher MAAD (30.5-
47.5 years) showed increased allelic sharing at all markers located in 9q33.1-
32. In the previous genome scan (paper IV) the microsatellite D9S930 
yielded the highest multipoint lod-score. The same marker gave the strongest 
signals in ASP with high MAAD, with a singlepoint MLS=2.34 and multi-
point MLS=1.48. 

Analyses of polymorphisms in TSCOT, a candidate gene located nearby 
to D9S930 also showed a difference between the two strata. Linkage signals 
up to MLS=2.74 were found for SNPs in ASPs with high MAAD. In con-
trary, ASPs with low MAAD showed no deviation from random allelic shar-
ing, MLS=0.00, at the TSCOT SNPs. The difference in linkage signals be-
tween the two strata was significant, p<0.005. 

Discussion
The stratification of the total ASP material on the basis of MAAD in paper V 
was carried out for two reasons. First, the initial criteria applied for selecting 
ASPs to be included in the genome scan and other genetic analyses, i.e. 
small difference in age at diagnosis, was in retrospect not used for the entire 
set of ASPs, due to the extended time period over which the ASPs were col-
lected. This criteria was used for the blood samples received during the first 
eight months. However, the entire collection of samples from affected fami-
lies took a little more than two years. When summarising the whole material 
of 1,306 individuals it was clear that the initial selection of 278 ASPs did not 
include all with the smallest difference in age at diagnosis. Second, age of 
diagnosis could be a biologically more relevant parameter for outcome of 
disease than difference in age at diagnosis. A small difference in age at diag-
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nosis within an ASP could point to stronger degree of genetic contribution. 
However, this estimate does not take the real age at diagnosis into account. 
A better stratification for analysing the genetic contribution of a complex 
cancer is to consider lower and higher age at diagnosis. High degree of ge-
netic contribution has been linked to young age at diagnosis in many other 
cancers. For example, in breast cancer the susceptibility locus BRCA1 at 
17q21 is linked to families with MAAD less than 45 years while later onset 
families give negative lod-scores226. In gastric cancer mutations in the E-
cadherin gene are found in families with early-onset, most of the deaths oc-
curred in persons under the age of 40 years353. A significant association be-
tween the CDKN1B gene and hereditary prostate cancer in offspring whose 
age at diagnosis was less than 65 years has also been reported354. The 
MAAD of hereditary colorectal cancer are also lower than in sporadic cases, 
41 years as compared with 70 years355, and familial renal cell carcinoma is 
characterised by earlier age at onset, 52% of cases are less than 50 years of 
age, as compared to sporadic cases356.

In contrast to these cancers with susceptibility factors in families with 
early onset we found that microsatellites in 9q32 and SNPs in TSCOT are 
linked to the susceptibility of cervical cancer in ASPs with a MAAD over 
30.5 years. A few other cancers have also similarly found evidence for ge-
netic risk factors only affecting familiar cases with later onset. For instance, 
in prostate cancer a susceptibility locus on 20q13 has been reported in fami-
lies having a higher average age of diagnosis (65 years or later)357, 358. So 
how can the connection between TSCOT risk alleles and higher age at diag-
nosis for cervical cancer be explained? On average, the women in the group 
with higher MAAD are 8 years older at diagnosis than the women in the 
younger strata. The correlation between cervical carcinoma and duration of 
the HPV infections can be part of the reason for the different impact of 
TSCOT variation. TSCOT potentially has a role in both antigen and MHC 
specificity during thymal differentiation and/or peripheral T-cell functions345, 

346. Different TSCOT alleles could therefore in theory affect the ability of T-
lymphocytes to recognise and eradicate HPV infections. If so, the effect of a 
less efficient CMI is probably gradual and the resulting tumour development, 
which most probably also is affected by other factors, will take many years.  

SNPs in intron 3 yielded the highest MLSs and lowest nominal p-values. 
These SNPs could potentially alter the gene expression by changing re-
sponse elements important for binding transcription factors or function by 
changing or introducing splice sites. Interestingly, a 10 fold higher level of 
TSCOT expression has been detected in thymus from mice carrying the se-
vere combined immunodeficiency (SCID) mutation as compared to mice 
with normal thymus345. Gain of function mutations can cause overexpression 
of a gene. Gross overexpression due to gene duplication is common in can-
cer cells225. However, TSCOT alleles appears to be risk factors of small to 
moderate effect in ASPs with MAAD over 30.5 years and it is unlikely that 
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they would cause more than a modest increase in gene expression. This 
alone may not be pathogenic and therefore interactions with other genetic 
and environmental risk factors are important to consider in further analysis. 
SNPs spanning the entire gene give linkage signals significantly different 
between the two strata and therefore they can all potentially be causative. In 
order to further understand the effects of these individual SNPs on cancer 
development it will be important to study the association of TSCOT alleles 
in a case-control material. It is possible that our results reflect LD between 
the SNPs studies and the true susceptibility factor in 9q32. However, TSCOT
appears to be the most interesting candidate within a 4cM region of D9S930, 
given its known function. Nevertheless, data from independent association 
studies as well as functional studies are needed to determine if TSCOT is the 
actual susceptibility factor.  

The difference in MLS scores for SNPs in TSCOT between the two strata 
was highly significant. Could other factors than MAAD differ between the 
two groups? If so, could these factors explain the observed difference in 
linkage signals? In order to address these questions we examined the pa-
rameters available, such as information of markers, frequency of different 
diagnoses, difference in age at diagnosis, time of birth and diagnosis date. 
The information of a marker is the percent IBD information extracted. Usu-
ally, a 10 cM map extracts 55-65% of a marker if parents are unavailable, as 
in the majority of our ASPs282. The information extracted from the multi-
point analysis of 9q32 microsatellites was very similar in the two stratified 
groups, 74%, and thus the observed absence of sharing in the younger strata 
was not due to lower IBD information. The frequency of different types of 
cervical cancer diagnoses was similar between the two ASP groups with 
cervical cancer in situ being the far most common diagnosis (91.5% and 
87.9%). The difference in age at diagnosis within an ASP was about 3 years 
larger in the high MAAD group (8.0 years) than in the low MAAD group 
(5.2 years). The probability of screening attendance of a sister to a recent 
case is probably influenced by many factors such as personal relations and 
life situation. It is not likely that the small difference found between the two 
strata could have a strong influence on the results. The screening program 
aiming to detect precursors of invasive cervical cancer was introduced in 
Sweden in the mid 1960’s. Because of the study design there is a strong rela-
tionship between time of birth and date at diagnosis in this material. Time of 
birth frequency in the two stratified groups is given in Table 4. Women born 
in the 1940’s were found at higher frequency in the group with higher 
MAAD (67.6% versus 36.3%) and women born in the 1960’s were more 
frequent in the strata with low MAAD (15.0% versus 1.5%) (Table 4). These 
differences may have an affect on the results. Women born during the 1940’s 
were in the ages 20-30 years when screening started in Sweden and if they 
failed to attend screening in the 1960-70’s then we are unable to score them 
as low age of diagnosis. However, since we do not have information of nor-
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mal screening results it is not possible to control for the incorrectly stratified 
ASPs. A potential lack of samples in the group with high age at diagnosis 
could reduce the power of detecting linkage. On the other hand, a better 
characterisation of the stratified materials could also lead to increased power. 
Since we only extracted diagnoses before 1993 when performing our initial 
search in the Swedish Cancer Registry, we probably also missed to detect 
ASPs with high MAAD born in the 1960’s and later. In order to obtain an 
even more well characterised material it will be necessary to identify addi-
tional ASPs with high age at diagnosis within the sib-pair in the future and 
conduct a refined analysis of the 9q32 locus. Due to the study design there 
will also be an increased frequency of patients born in the 1960’s in the 
young group. Even so, the probability of mis-classification must be lower in 
the young MAAD strata, meaning that the lack of allelic sharing in the 9q32 
region and in TSCOT is not likely to reflect the stratification criteria. The 
date at diagnosis in the MAAD stratified ASPs also show some differences 
which again are likely to reflect the stratification criteria. In ASPs with 
younger MAAD, almost half of the women were diagnosed in the 1970’s 
(47.4%) (Table 5). In contrast, more than half of the women in the group 
with high MAAD received their diagnosis in the 1980’s (53.3%) and the 
diagnoses from the 1990’s were three times higher in this strata (Table 5). 
Still, the vast majority of women in both groups, 88.4% and 82.8% in the 
high and low MAAD strata, respectively, were diagnosed in the 1970’s and 
1980’s. In conclusion, it appears unlikely that the significant difference in 
sharing found for TSCOT SNPs between the two strata could be explained 
by bias in time of birth and date of diagnosis. 

Since locus heterogeneity apparently exist between the two groups strati-
fied on MAAD, it would be interesting to re-analyse the genomewide scan, 
described in paper IV, in these strata to identify additional risk factors, espe-
cially those with impact on the group with lower MAAD. Possible genetic 
risk factors in the strata with lower MAAD are TS genes and oncogenes that 
together with persistent HPV infection cause a faster progress and earlier 
onset of disease. 

Table 4. Time of Birth in Mean Age Stratified ASP material. 
Date of Birth Frequency 

Decade Mean ageb 19-30 
(n=639)

Mean ageb 30.5-47.5 
(n=667)

1940’s 36.3% 67.6% 
1950’s 48.5% 30.9% 
1960’s 15.0% 1.5% 
1970’s 0.2% 0.0% 

a Within the sib-pairs, third sister included 
b In years at diagnosis within the sib-pairs, third sister included
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Table 5. Date at Diagnosis in Mean Age Stratified ASP material.
Date of Diagnosisa

Decade Mean ageb 19-30 
(n=639)

Mean ageb 30.5-47.5 
(n=667)

1960’s 6.2% 2.3% 
1970’s 47.4% 29.5% 
1980’s 41.0% 53.3% 
1990’s 5.4% 15.0% 

a Within the sib-pairs, third sister included 
b In years at diagnosis within the sib-pairs, third sister included

Conclusions 

In this thesis the genetic risk factors predisposing to cervical cancer devel-
opment are studied. The first three papers focus on candidate genes proposed 
to be involved in the disease due to their known or suggested cellular func-
tion. The involvement of HLA class II DQB1 and DRB1 is confirmed and it 
is shown that the class II DPB1 locus also contribute to the genetic suscepti-
bility for cervical carcinoma. The risk of developing the disease is further 
shown to be dependent on interactions between the infecting HPV16 E6 
gene subtype and host DQB1 and DRB1 genotype. It is also concluded that 
the HLA-A and HLA-B of the MHC class I and the Fas receptor –670 SNP 
do not appear to influence the development of cervical carcinoma in situ.
The last two papers are based on genomewide scanning, an approach to iden-
tify novel risk loci and genes for complex diseases. Three chromosomal re-
gions, 9q32, 12q24 and 16q24, are suggested to contain susceptibility factors 
with low to moderate effect. Furthermore, linkage is found between SNPs in 
a candidate gene located at 9q32 and cervical cancer in ASPs with mean age 
over 30.5 years at diagnosis within the sib-pair.
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Future perspectives 

Complex diseases are as the name indicates complex to study and difficult to 
understand. Many environmental and genetic risk factors probably interact to 
produce the disease. Cervical cancer is a disease of many dimensions. At 
first sight a female cancer but at the same time an infectious and immu-
nologic disease. Many different fields of research contribute in trying to 
resolve the aetiology of cervical cancer. For future success it is necessary to 
collaborate between immunology, virology, pathology, oncology, genetics 
and statistics. More basic research on HPV immunology is needed. Func-
tional studies on the HLA molecules and their interaction with viral epitopes 
during HPV infection are necessary. Development of model systems resem-
bling the human cervical environment is urgently needed and will be an im-
portant challenge. A sophisticated transgenic animal model for HPV car-
cinogenesis in which oncogene expression is restricted to adult life and tu-
mours occur in the genital epithelium could provide an opportunity to study 
many of the remaining questions. Mouse models appear to give insufficient 
information about the immune control of persistent HPV infections. How-
ever, improvements are currently being made and many believe that the 
CRPV model can be a successful system for future HPV immunological 
studies. CRPV lesions are not usually malignant and both active and latent 
infections can be established just as for HPV. Most important, persistent 
CRPV infections can be established and some of these lesions progress into 
cancer as in the case with HPV induced cervical cancer359-361.

Finding the genetic risk factors for cervical cancer can both aid the field 
of HPV immunology and the development of an efficient HPV vaccine. It 
would also most likely contribute to more general insights into aetiology of 
tumour development as well as shed light on host pathogen interactions. This 
would give support to studies of other cancers and infectious diseases. All 
studies on cervical cancer genetics except ours are based on case-control 
materials. At present, a main problem is the frequent reports based on mate-
rials with small sample size. Evidently it will be necessary to collaborate and 
pool materials in the future in order to achieve adequate power and conclu-
sive results. Further, the cases may need to be more carefully characterised. 
For example it is debatable whether in situ and invasive cervical cancer 
should be considered separate diseases. Controls also have to be well 
matched to make more reliable association calculations. More effort should 
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also be made to identify family materials such as ours in other populations. 
This would be possible in other Nordic countries with similar public health 
care and good family and disease registers. Linkage results from other ASP 
materials would provide additional information on the importance of indi-
vidual loci or regions in cervical cancer development.

The genetic component of cervical cancer probably varies considerable 
between families. Therefore inherited genes may be of considerable impor-
tance for a portion of cases. It is not true that complex diseases are untreat-
able. However, for many genetic conditions existing treatments are unsatis-
factory. The identification of risk genes and their functional effects could 
have direct or indirect importance for cervical cancer cases. Indirectly they 
would benefit from a more cost effective screening if only women with a 
clear susceptibility background would have to attend screening every third 
year. The risk genes will also tell us more about cancer development and 
viral infections in general. Gene therapy is a new and exciting treatment with 
many ethical dilemmas. This therapy involves the direct modification of 
cells of the patient in order to achieve a therapeutic goal. Gene therapy looks 
very different depending on the nature of the mutation. Methods exist today 
for insertion and expression alternatively repairing or inactivating of a gene 
in a target cell or tissue. Between 1992 and 2001 almost 40 gene therapy 
trials involving gene transfer were started. Over 60% of all approved proto-
cols are for different cancers225. The majority of cancer trials target tumour 
cells with retroviral vectors encoding TS genes, such as p53, or factors in-
creasing the immunogenicity of the tumour, such as ILs and TNF. Generally 
the trials do not aim to directly benefit patients clinically362. The goals are 
instead to see whether cell cycle control can be restored or if growth signals 
can be inactivated. If and how similar treatments could ever be applied to 
cervical cancer is difficult to say today. The future success of identifying 
clear susceptibility factors and their interactions in promoting disease will 
decide this. 
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Summary in Swedish

Introduktion till livmoderhalscancer 
Humant papillomvirus (HPV) har länge varit den enda kända orsaken till 
utvecklandet av livmoderhalscancer. Nyligen presenterades det dock överty-
gande bevis för att cancern även har ärftliga inslag. Livmoderhalscancer är 
alltså till viss del en genetisk sjukdom. Denna upptäckt har lett till att fors-
karvärlden nu försöker att hitta generna som är involverade i sjukdomen. 
Identifiering av de ärftliga faktorerna kan öka vår förståelse beträffande liv-
moderhalscancerns uppkomst. På sikt kan detta även leda till en effektivise-
ring av de gynekologiska cellprovstagningarna samt eventuellt effektivare 
vacciner, läkemedel och terapier.  

Cellprover
Livmoderhalscancer är den andra vanligaste cancerformen hos kvinnor värl-
den över. Över 400,000 nya fall registreras varje år. De allra flesta sjuk-
domsfall, cirka 80%, inträffar i u-länderna. Där är sjukdomen den vanligaste 
orsaken till cancerrelaterade dödsfall hos kvinnor. I Sverige startades ett 
program i mitten på sextiotalet med avsikt att minska antalet fall av elakar-
tad, även kallad invasiv, livmoderhalscancer. Programmet är kopplat till den 
gynekologiska hälsokontrollen och ämnar hitta förstadier till cancer, så kal-
lade cellförändringar, genom att undersöka vaginala cellprover. Alla kvinnor 
i landet kallas idag för att ta dessa cellprover. Första gången man erbjuds att 
lämna prov är mellan 20 till 26 års ålder och sedan inbjuds man i snitt vart 
tredje år upp till cirka 60 års ålder. En kraftig minskning av antalet fall har 
skett sedan detta program startades, incidensen har gått ner med hela 60%. 
Trots denna hälsokontroll rapporteras ungefär 450 nya fall av invasiv livmo-
derhalscancer varje år i Sverige. 

Orsakas av en virusinfektion  
Den mest betydande riskfaktorn för livmoderhalscancer är ett genitalt virus 
som kallas HPV. Man finner HPV i närapå alla undersökta livmoderhalstu-
mörer. HPV smittar genom oskyddade sexuella förbindelser och infektioner-



71

na är mycket vanliga. De allra flesta sexuellt aktiva har någon gång varit 
infekterade. Kvinnor som infekteras av HPV får sällan några symptom och 
infektionen går i de allra flesta fall över av sig själv efter några månader. 
Hos vissa kvinnor utvecklas dock en mycket långvarig, även kallad persis-
tent, infektion och dessa är associerade med ökad risk för att få cancer i liv-
moderhalsen. Eftersom HPV-infektioner är så vanligt förekommande men 
endast ett fåtal utvecklas till cancer har man länge misstänkt att ärftliga, även 
kallade genetiska, faktorer har betydelse för sjukdomens uppkomst. 

Ärftliga faktorer 
En svensk vetenskaplig studie från 1999 lade fram starka bevis för att liv-
moderhalscancer är influerad av genetiska riskfaktorer. Studien visade att 
om man har en mamma eller en syster med diagnosen livmoderhalscancer så 
är risken 100% större, det vill säga dubbelt så stor, att man får sjukdomen 
om man jämför med andra kvinnor. De ärftliga faktorerna som gör det lättare 
för cancern att utvecklas kan vara förknippade med HPV, både direkt och
indirekt.

Defekter i immunförsvaret 
Dessa direkta riskfaktorer kan exempelvis vara defekter i immunförsvaret 
som har i uppgift att skydda mot HPV-infektioner och/eller bildandet av 
tumörceller. Vissa kvinnor kan exempelvis ha svårare att bli av med viruset 
och detta kan leda till långvariga infektioner och slutligen cancer. Genetiska 
riskfaktorerna som indirekt kan vara kopplade till HPV är gener som påver-
kar virusexponeringen. Vissa kvinnor blir oftare infekterade eftersom de 
utsätter sig för viruset i större utsträckning än andra. Antal sexpartners är en 
faktor som påverkar detta. Här kan gener som påverkar vårt beteende vara 
involverade, exempelvis har vissa större sexuell drift än andra, något som 
förslagsvis kan vara kopplat till ärftliga hormonnivåer.  

Kandidatgener  
I dag vet vi att livmoderhalscancer till viss grad är genetisk men vi vet inte 
riktigt vilka gener som påverkar risken för att utveckla sjukdomen. Det finns 
dock starka indikationer om att gener i vårt immunförsvar mot virus kan 
verka som riskfaktorer. Forskare har även hittat associationer till tumörgener 
som sedan tidigare är kända för att vara involverade i cancerutveckling. Det 
är troligtvis många gener som tillsammans i ett komplext interaktionsmöns-
ter påverkar sjukdomens uppkomst, men hur många är svårt att uppskatta. 
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Intensiv forskning 
För att hitta dessa ärftliga faktorer håller bland annat vår forskargrupp i Upp-
sala, under ledning av professor Ulf Gyllensten, på att studera sjukdomsbak-
grunden i ett omfattande och unikt biologiskt material. Förhoppningen är att 
man i framtiden ska få kunskap om vilka gener som är inblandade. Alla sys-
konpar i hela Sverige där båda systrarna fått livmoderhalscancer har identifi-
erats via cancerregistret och multigenerationsregistret och dessa har sedan 
tillfrågats att vara med i studien. Affekterade mammor, om dessa har funnits, 
har också inbjudits till att deltaga. Totalt tillfrågades över 4,000 kvinnor att 
deltaga i detta projekt och vi har lyckats samla in ett blodprovsmaterial som 
motsvarar 641 stycken affekterade syskonpar (ASP) och deras affekterade 
släktingar. Detta är ett av det största ASP material som finns i hela världen 
för någon sjukdom och det enda som existerar för livmoderhalscancer. Att 
ett sådant material har kunnat samlas in här i Sverige beror bland annat på de 
utförliga register som finns samt att vi har en allmän och väl fungerande 
sjukvård. Vi är djupt tacksamma till alla de kvinnor som frivilligt deltagit i 
detta projekt. 

Effektivare sjukvård 
Om livmoderhalscancerns genetiska bakgrund var känd skulle cellprovspro-
ceduren samt sjukdomsdiagnosen kanske kunna effektiviseras. De kvinnor 
som bär på varianter av gener associerade till ökad risk att utveckla sjukdo-
men skulle exempelvis få lämna cellprover kontinuerligt. Andra utan suscep-
tibilitetsbakgrund och som därmed löper liten risk att utveckla livmoderhals-
cancer kan däremot få lämna cellprover mer sällan. Detta skulle innebära 
stora besparingar inom sjukvården. Det finns även en ny potentiell behand-
ling som kallas genterapi. Denna terapi är ett helt nytt område som är lovan-
de men som även innefattar många etiska dilemman. Denna terapi går ut på 
att tillsätta och uttrycka alternativt laga eller inaktivera en defekt gen. Detta 
involverar att direkt modifiera patientens celler för att nå ett terapeutiskt mål. 
Mellan år 1992 och 2001 har forskarteam världen över ansökt till etiska 
nämnder om att få börja undersöka nästa 40 olika genterapier. Över 60% av 
ansökningarna var för olika cancerformer. De pågående genterapiprojekten 
har dock inte i första hand som mål att direkt bota patienten från cancern. 
Istället vill man till en början se om man på någon sätt kan hämma tumörens 
utveckling. Om och hur detta är möjligt för livmoderhalscancer beror på 
framtida framgångar att identifiera generna som tillsammans predisponerar 
för sjukdomen. 
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Globala konsekvenser 
När generna är kända kan vi lära oss mer om varför denna komplexa cancer 
egentligen uppstår. Denna kunskap är till stor nytta för forskningen kring 
andra cancertyper, men även för förståelsen kring hur vårt immunförsvar 
fungerar vid långvariga virusinfektioner. Detta skulle kunna resultera i ökad 
insikt inom andra sjukdomar orsakade av virus samt hjälpa utvecklandet av 
effektiva HPV vacciner. Globalt sett kan det ökade vetandet dessutom leda 
till nya kostnadseffektiva diagnossystem. Förhoppningen är att u-länderna 
ska få möjlighet att använda dessa och i kombination med HPV vacciner 
minska antalet dödsrelaterade livmoderhalscancerfall.

Denna avhandling 
Syftet med denna avhandling var att både studera gener som redan föresla-
gits vara involverade i sjukdomen samt att identifiera nya riskgener som 
påverkar utvecklandet av livmoderhalscancer. Den största delen av avhand-
lingen är baserad på analyser av det unika ASP material från hela Sverige 
(artikel I, II, IV och V). Detta är den första avhandlingen från vår grupp som 
använt sig av detta omfattande material. Även obesläktade fall och kontroller 
har använts för analyser (artikel III).  

Artikel I 
Tidigare har det publicerats många studier gjorda i olika populationer som 
pekar på att två gener, HLA klass II DQB1 och DRB1, är genetiska riskfak-
torer för att utveckla livmoderhalscancer. Dessa gener kodar för cellens pro-
duktion av två proteiner som är mycket viktiga för kroppens immunförsvar 
mot virus. Proteinerna DQB1 och DRB1 finns bland annat på ytan av de 
viktigaste immunförsvarscellerna i livmodern som genom dessa varnar för 
en pågående och befintlig HPV infektion. Uttryck av klass II generna är även 
viktigt för att utrota tumörceller. I det svenska ASP materialet kan variation i 
dessa HLA klass II gener bekräftas som risk faktorer. Detta är första gången 
som bevis baserat på ett familjematerial publicerats för dessa. Dessutom har 
vi i artikel I hittat bevis för att variation i en tredje HLA klass II gen, DPB1, 
influerar utvecklandet av livmoderhalscancer. DPB1 har inte kopplats till 
denna cancer förut. Det finns även HLA klass I gener och det har diskuterats 
mycket i den vetenskapliga litteraturen om huruvida dessa också är involve-
rade i den ärftliga känsligheten. HLA klass I är väldigt lovande kandidatge-
ner eftersom de uttrycks på ytan av de HPV infekterade cellerna i livmoder-
halsen. Klass I proteiner är också viktiga för starkt immunförsvar mot tumö-
rer. Inga ordentliga studier hade dock gjorts på dessa gener. Vi kan dock visa 
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i artikel I att klass I generna inte alls är viktiga för utvecklandet av denna 
sjukdom.  

HLA klass II men inte klass I är alltså kopplade till risken att utveckla 
livmoderhalscancer. Detta kan man bland annat förklara med att immunför-
svaret behöver effektiv klass II presentation för att kunna läka ut HPV infek-
tion och ta bort tumörceller i livmoderhalsen. Den kritiska kommunikationen 
mellan immunförsvarsceller sker i denna sjukdom inte via klass I proteiner-
na. Kvinnor med vissa varianter av dessa klass II gener är känsligare än 
andra att få en långvarig persistent HPV infektion och detta påverkar risken 
för utvecklandet av cancer.  

Artikel II 
En annan gen som sagts ha betydelse kallas Fas. Även denna kodar för ett 
protein involverat i immunförsvaret mot virus och i eradikering av tumörcel-
ler. Nyligen så föreslogs en variation, Fas–670, vara en associerat till livmo-
derhalscancer i kinesiska patienter. Men när denna riskvariant undersöktes i 
det svenska ASP materialet så hittades inga bevis för att så skulle vara fallet. 
Resultatskillnaden kan bero på att riskfaktorer skiljer sig åt mellan popula-
tioner. En annan orsak kan vara att de kinesiska patienterna var längre gång-
na i sin cancer är vad de svenska syskonparen var.  

Artikel III 
HPV16 är den HPV typ som oftast är involverad i utvecklandet av livmoder-
halscancer. Det har tidigare publicerats studier som visar på att det sker in-
teraktion mellan vissa HPV16 E6 gen subtyper och varianter av immunför-
svarsgener hos den infekterade kvinnan. Vissa patienter är alltså känsligare 
för specifika HPV16 typer. Indikationer om att ickeeuropeiska HPV varian-
ter skulle vara starkare kopplade till cancerutveckling finns också. I artikel 
III undersöktes dessa hypoteser i fall och kontroller från Uppsala. Det fanns 
ett samband mellan en viss HPV16 E6 variant och en viss HLA klass II ge-
notyp i detta material. De kvinnor som har denna genotyp verkar vara käns-
ligare än andra för infektioner av denna virussubtyp. Ickeeuropeiska HPV16 
E6 varianter var dock inte starkare kopplade till livmoderhalscancer än euro-
peiska varianter. Detta kan dock bero på att dessa icke europeiska HPV16 
subtyper är ovanliga i Sverige.  

Artikel IV 
I artikel IV så analyserade vi genetiska markörer slumpmässigt lokaliserade i 
syskonparens arvsmassa för att hitta nya riskgener. Vi identifierade tre regi-
oner på kromosom 9, 12 och 16 som verkar innehålla genetiska varianter 
svagt till måttligt involverade i den genetiska predispositionen för livmoder-
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halscancer. Dessa regioner, 9q32, 12q24 och 16q24, har även sammankopp-
lats till andra immunologiska sjukdomar och cancertyper som liknar livmo-
derhalscancer. Till exempel så har bröstcancer och matstrupscancer kopplats 
till dessa regioner. I 9q32, 12q24 och 16q24 finns även gener som är viktiga 
i immunförsvaret mot virus och tumörer. 

Artikel V 
En kandidatgen i 9q32 som heter TSCOT analyserades vidare i artikel V. Vi 
delade upp syskonparen i två grupper med avseende på genomsnittlig ålder 
vid cancerdiagnos inom syskonparet. Vi hittade en koppling mellan variation 
i TSCOT och utvecklandet av livmoderhalscancer i den äldre gruppen, de 
ASPs med genomsnittlig ålder över 30.5 år vid cancerdiagnos inom syskon-
paret. Denna genetiska riskfaktor verkar dock inte alls vara viktig hos sys-
konpar med yngre ålder, under 30.5 år, vid diagnos. När man studerar cancer 
så är det ovanligt att man hittar genetiska riskfaktorer för en äldre patient-
grupp. I de flesta andra ärftliga cancerformer så har man hittat mutationer i 
gener hos dem som får sjukdomen i ung ålder. Vi tror att man kan förklara 
kopplingen mellan TSCOT genen och risk hos äldre ASP att utveckla livmo-
derhalscancer med HPV persistens. Vår teori är att en viss variation i denna 
gen gör att immunförsvarsceller har svårare att känna igen och ta bort en 
HPV infektion. Därför får kvinnor med ärftlig risk lättare en persistent infek-
tion och ökar därmed risken att utveckla livmoderhalscancer. Mer studier på 
denna gen i obesläktade fall och kontroller måste dock göras innan vi kan 
bevisa att TSCOT verkligen är associerad till sjukdomen. Denna gen skulle 
potentiellt bara kunna vara starkt kopplad till den verkliga riskfaktorn i 9q32. 
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